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Abstract 

Prior to the 1994 Northridge earthquake, structural engineers believed that welded steel 

moment-resisting frame building would provide outstanding performance in earthquakes, exhibiting 

ductile behavior and resisting very strong ground motions without substantial degradation of their 

structural capacity. However, the discovery of brittle fracture damage in many steel moment frame 

buildings after the earthquake revealed substantial misunderstanding the ways engineers previously 

designed and constructed such steel structures. The research presented herein focused on investigating 

behavior of the beam-column connection constructed by Thai practice using finite element analysis. 

First, the finite element (FE) model of welded unreinforced flanges-bolted web beam-column 

connection (ExBSplC) was developed and analyzed. The inelastic analysis results ofExBSplC 

model included material nonlinearity and cyclic loading scheme were verified with an available full­

scale connection tested at the University of Michigan. Guided by ExBSplC model, a new FE model 

representing a connection constructed by Thai practice with fully welded beam to column (ExTSplC) 

was developed. The FE analysis of this connection was aimed to investigate behavior and potential of 

such a type of the beam-column connection subjected to an earthquake. 

The analytical results ofExBSplC model showed excellent agreement with the experiment, 

globally and locally. The high von-Mises stress regions exceptionally matched yielding areas of the 

tested specimen. Based on the analytical results, ExTSplC model indicated better behavior than the 

other model in terms of strength and behavior. Therefore, it can lead to conclude that the connection 

with fully welded beam to column may perform better than the US typical detailed connection during 

earthquake. 

Keywords: Beam-Column Connection, Finite Element Model, Finite Element Analysis, Welded 

Unreinforced Flanges-Bolted Web Connection, Fully Welded Connection 
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iu'Vl 5.7 mrn·Hl1f111:I.Jlfl'W von-Mises 'WIIH'W Panel Zone 60 

d o 
'Vl1:1'fl11~ 1-6 'lltl'1111J1J'il1"tl'1 ExTShlC 



' ... 
1.J'Yl'YI 1 

1.J'Yl'Ul 

'1lnfl~\91'1'Wo-:irl'1~U'W lm-:ifff1-:im~n 1~111m·rnfl1111J t1P1t1J111Ji11il'W 1 m-:iffh~~flm111 

u~-:im-:i ur1tu1P111 ~wvlv-:ivrn~'1ti ii'rn1 '.i-:ir111ur1tu '.i-:JUH'W~'W 1111 L1P1t11ff1mri1'W imy1 :bw:h 

Lfl'.i-:Jfff1-:im~n'1tll.i1ifomt111~mn\Plfl1llJ!fftJ11lmfovmmrlmn\PlUH'W~'Wl111 'VH1~mrn'lm-:J 

,, ~ Q ,f l<V '°' ~ I I 

t fl'.i-:Jff'.iNmr1n'1t'll'Wfl~n1J'V'lq\9lm'.i lJ'llfl-:J'llfl\9lfl'.it1111-:J!ff1-m'W {Beam-to-column connections) Urlt 

'.it1J1Jn7'.i~\Plf-:i (Bracing) 1il'Wmfo L\Pltl'V'l"1-:J-:J1'W~!fl\Pli'W'11fi!!HUH'W~'Wl111 fl1'.i'1t\jfiff"1tJIU~ 

Cl j/1 .,, .cSt?I I 9 IQ.ltdci. j/1 .,, .cii .c:::t 

tJ'.i nw 'llfl\91 fl Uri tfl-:i flfllfll'.i tJ\Pl'.i-:J!lJ'W ff1'W I my \Pl-:J'W 'W'Yl 1J '.i nw 'llfl\91 fl!! r1tfl-:J flfllfll'.i tJ\Pl '.i-:Jfl1'.i '1tlJ 

1 r J I 

.,. .,. .,. "" . 1..i . I"' "' ' "' 1/J 1/J ~,- 1/J '"' 
fl1111!11'Wtl1 (Ductility) 'Yl~-:J'YlffllJ1Hl'.ifl-:J'.i1Jn7'.i!Urltl'W!U'Yl'1t!fi\Pl'11n!!~'W\Pl'W 1111 !\Pl t\Pltl tlJlJnl'.i 

U\9lnf11 
I l ~ I 

mh-:i I '.in11111 d1fl1'Wvi 17 11m1fl11 fl.ff. 1994 1~1n1P1UH'W~'W 1111'll'W7\PIU7'Wnm-:i;i'Wvid1fl-:i 

d .A '-l 9/Q.1 .c!I ~ t .c::l .A ' I Cl ll) 
H'IW] 'b'fl Northridge tfirlfilJ!lJfl-:J Los Angeles GJf-:J\9lfllJ1\jn!'.itlfi'b'fl11 U~'W\Pl'W 1111 Northridge 

UH'W~'W 1111if 1~fff Nm111~ty!fft1mh-:i imyu€lt1il'W 1J1nw n1N ri1m111~ty!fftJU'.itmw 30 i'Wi\'1'W 

,c::l Jt ~ 0 I .c::I d Cl J I 9 I Cl, J Q.I ,. ~ d.c:::t At 1 ~ 
m '.i tity 111 m rn m n '1 'V'l tJ 11 m 1 m ff ti m ti 'Yl in \Pl 'll 'W ff 1 'W i 11 ty in \Pl 'll 'W ntJ i fl H ff 1 N 'Yl 11 m 111 tJ\Pl 11 ~'Wm 

I ,c::l Cl, d d'JI ,ciQ.I ~,. jJ l~QJ 

1 'b''W mm'.i flfl'W m 11mrnm r1n fllfll '.i '1fl\Pl'.i t'l'Ylff'.i N '17nflfl 'Wm \9lfl\Plu H GJf-:J i flHff '.i1-:imm'W 'V'l-:J'Yl €1W 

t I " dt .c::I .c:::t d3,1 I.I)• QJ 

mm m'.i ff1'W fl-:Jflfllfll'.i m €ln'W 'W 'V'ltJ m111mv11 w1 'V'ltJ-:J rn n'W fltJU€lt tlJ'V'ltJ m'.i'V'l-:J'Yl €1 W'llfl-:J mm '.i 

d •l.t)d .Ao o 9"1' .c:::t ,.c:::t ci.Jdci. v, 
m" mr1 ti fltll-:J t '.i nmm1lfl'Yl 7n7'.i m n'1flW i 'W i \Pl tJ€lt!fltJ\Pl 'V'ltJ 11 m fl vu11 mn\Pl 'll'W 'YltJ '.i nw 'llo \9lflfll'W-

m11il 'W ~7'W 1'Wm nn11 100 mm'.ii'W1J!nw~1n1P1uH'W~tJi111 o-:iuJj'11mm'.im~nmri1i!'W'1t1il'W 

' " 'l I ~ 'l ~ "''l ~ ''l o, 

fllfll'.i t11lJU€lt\jfiff'.i1-:JflltJ !\9llJ1\91'.ij1'Wn7'.iflflfi!!1J1J'Yl t'b'fl~ t'W'lJWt'W'W 

fl-:Jflfllfll'.im~n~'V'l1Ji'W1:i1fl-:i Northridge i!'W ri1'Wimy1il'W 1m-:J'llfl!!~-:JU1J1J~!ff'l:I (Special 

.,k ~ O 'l I ,, ~ Q Q 
Moment Frame, SMF) GJf-:J'17n'llfln711'W\Pl t'W111\91'.i'J1'Wn7Hlflfi!!1J1J AISC '.ittpl tflH'llfl!!'ll-:J!11€lfi 

ef,d .c!I Id~ gJ Q.I b]!Vll)•'3J I .AQ.I 

U'.it!fl'Yl'W lJf111lJtl\Pl11tJ'Wff-:J'Ylff\Pl GJf-:J'1t\9lfl-:JffllJ1'.it'l'.ifl-:J'.i1Jn7'.i11lJ'W t\Pl tlJ'Wfltln11 0.03 radians !lJfl'.ilJ 
q qJ q q 

m-:JUH'W~'W 1111 mh-:i I '.inm11mllJ!fftJ111tl~\91'.i1'1'V'l1J i'W mm'.i fi"11J!il'W mrn\9ln!!1J1J!U'.i1t~ 

~ I ?I ' I ,, ~ Gt j/ d ' ,. gJ d d 
tJ'.i nw '.i fl ti\9lflfll 'W-! ff1m 'W ff1'W i 11ty m '.i fl'W 'V'l 1J'WU ff \Pl-:J t 11 m'W 11 i flH'llflU 'll-:J'Ylflfl nu 1J1J1111111111'.iJl'W 



rhrwil 1994 Ju ijm1lJm'Wt11~1ni1~m:H1~1~umhnnn 1n~t11mlJiummnt1 ·n:1Jo~t11m:1.J 

l~tl1t11Jfl11 lJ\] n#J 0~'\HN lJ Wl'iJlt..! f1l'i 00 f111 'IJ'IJ~ i ,j/ fnllJ U c'IO ~ fl tl'IJO~Olfll'i 111 ~ f1~ ti~ i <i/~1'1-.!0 tji 'I-.! 

i],i~ut..! llcl~fn'iUi''IJUl ~11!oijlJl\?l'jJlt..! f1l'j00f111'1.J'IJO~fl0lfll'jl mhtli m.i1110 iij l~t..!#lt..! 1~ ti 

.fll'Vl'i1:1.Jvi1 i tt'm1lJ1~m!u iu m'ioomm1J11c1~m'i i <i/~1tJ'lJO~ 1 m ~-u'o11~~11 uu~m1:1tlc1~c1~1~uod1~ 

lJlf1 11ir~m~m'iWIIH'l-.!~t..! i111 Federal Emergency Management Agency (FEMA) i~1j2J 1 flH~lt..! 

ftn1:111i t10~ flOlfll'i m ~ n11 u rnh~'l ~ 1n~1110 01,11 n~ Hcl m ~'l'l u,11m1HtJ~tJi111 1 m ~~ 1u ii tlij 

~l'l' ?t iv ''"" , , <k ?t ., d. 1 v 
'ittltl1c'll 4 u 1~t.llU'l-.!f1l'i 111'Jt..!1,Jt.lllf111'1-.!1tl~lt..! SAC Joint Venture 9f~IU'l-.!O~flm'l'lu'itf101J~1tl 

Structural Engineers Association of California (SEAOC), Applied Technology Council (ATC), 

California Universities for Research in Earthquake Engineering (CUREe) 'i12JO~'Wf11,lt.lllc'lt 

~1 ~t11 'lflty i tJ m'll11'!f1~1~'1 ~1 ~t11-u'o~mlJlJ'ttl1'1'l t11 €lt1~ 1~ '7 i uu 'i tl 'l'l ffff11 f 1012-11 m IIHtJ ~ 1u 1 i t1 

, ?I , ,- , .d .=k \J]j/o .C\ d .c:A ..:!t .C\ , d d ~ 
llrnlU'I-.! 2 'lf1~ !~tl'lf1~'1'l11'1-.!~ !\Pl~llt..!t..!f1l'ilff'i,JllJOl~Ot..!ff~'ttlfllJ fl.ff. 1995 llclt'lf1~'1'lffO~lff'i,JfftJ 

1rl01$iotJ'Jit..!1lfllJ fl.ff.20001\9lt1U'itff~fl'lJO~f1l'j1,ltlllU~OOf11~'1-.! 3 '111-ii'o imui~tl • u 

_cA ~ ... I .C\ .ct .d .e.. ,% Q.I o' ,- ii d d Q.I 

1) l'Vl0fff11:ll'ttlmm~ llc'ltu 'j~llJ'l-.!f1112Jlfftl11W 'l'l,l~lf)~'IJ'I-.! f11JO~fl0lfll'j I flH'lJOll 'lJ~l'ttclf111cl~ 

f um ~IIH'l-.!~'1-.! i 111 nlJ0~1iim'iCJf02Jll9flJO~fl01fll'imrl11!u 

.,\ ,o1 .I ,,. d d ,,. ,% "' _, ,- v d d 
2) l'Vl0fff11:ll\9l'i1,Jff01J llc'l~u'itl2Jt..! f1112Jlfftl~ 'l'l0l,llf1~'1Jt..! f11JO~fl0lfll'i I flH'lJOll'lJ~l'ttclf1 

nlJo~m'iCJfOlJlffl lJOlflU riou f u11 'i ~IIHtJ~tJ i 111 

.,\ 0 I V o' Qi ,d 'IV'! .,\ 
3) l'Vl0f1111'1-.!~llt..!1'Vll~f1l'i00f1111J1J llcltf1l'if10ff'iHO~f10lfll'il'ttclf1 11lJ 'l'l,l~ l'lf !'1-.!0t..!lfl\?ll'VlO 

frn1H11HtJ~tJi111 

.fl1t.111ir~,llf1f1l'j1,ltl SAC llc'I~ FEMA i¢i'tl11fft..!OH,Mlt..!1,ltl l~tl~~m(iwonffl'j FEMA 267 licit 

FEMA 350 o~ 355 

ffl'nf UU'i~l'l'lffi 'l'ltll!t..! ti~ ili1flt1ijf1l'jftf11:lll~tl1t11J'Vlt]~m'ilJ'lJO~ 1 m ~ffrl~l 11~f1~00f111'1.J1J 

1~t1i <ilm\9l'iJlt..!f1l'iOO f1ll1J1J'IJO~un:l'Ylffi 'l'ltl.fllt111.i'llH'l-.!~t..! i 1110VH,11 ~,r~ llc'ltti~ il.iijlJl\?l'iJlt..! 

m'ioommu 1 flHfff Hm~m~o$i1umu11HtJ~tJ i1111~t1\?1H ~~Juvi1 itt'i1tym~1~'7 ~nrl11muti'1 

V V ,,. ,% "' V d , .J'll] V <!! "' d ,,. ,% J! 'I .,\ .,\ ,,. 
'lll~\91'1-.! 01,im~'llt..!f11J 1m~ff'iHmc1m11c11u 1~mlJotJn1J'l'llf1~'lltJ:1.J111r111'1-.!U'itl'l'lffO'l-.!'1 mom~ 

1.C\b] ~ .c::t I j/ j/ di lJ) d •lf) 
IIHtJ~tJ m1 uon,11nu'i1t1c1~10t1~'llo~m'inoff'i1~ 1m~ff'i1~mc1n tJU'i~l'l'lff 1'l'lt1 m1\?ln\?11~ 1u,11n 

lJl\?l'iJlt..!'lJO~U'i~l'l'lffttJ '7 ~nwc1~1ot1~f1l'jflOffl1~tlri1uim1J,1~1~tJ'IJ111W-ii'o~o 'iOtl~O llc'I~ 

'itU'IJU~f ~ ~~ri1umrl1i1ijm1lJfflfi'tyoaH~~ iu m'i~~i1J'Vlir~~1u,11n11HtJ~tJ i 111 'i1t.1c1t1ot1~m'i 
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' ., ' 
rimrhrvilil'Wu1t1'Vlfft'Vlt11'Hri1u ifoiJ!llfum1ffn1'l10uH,11,H1-:io-:itlm1mw1rntwq~nn11iifofo 

111-:!UH'W~'W l'H1 fl11'W1lJ1~1!1'Wfl11tltlf)!l1J1J i m-:i1:Yf H1 'H~f) lu~h-:iu1tl'VlfflJ1 lii 11t1~1-:!01,J!~'W 

,: "I ?I liJ • V ,,i "" ~ V d , liJ 
m11:Yu1u,rn-:i m1t01,imum111J\]n~0-:i1u0-:i,11nwq~mrn'IJ0-:i I r11-:i1:Y11-:im1:1n uu1t1'Vlff 1Yw01,1 

u~rnh-:i tiuwq~mrn'IJB-:1 i m -:ifff 1-:im~ f) lu l'i1-:iu1t!'Vlff ~-:iJu fl11fff)'j,j11it1i1,Jtl~'W fl11111J11lJ 

Q o' 0 i) .d.d O Q.I O ~ I ,. j} d .d I j/ ,, 1/J 
11m1t'H 1rnt'W111:Yu0'1J0111:1'Vl 11m1111:Y1r1ruu1:1t,11mu~0 1 r11-:i1:Y11-:im1:1 n'Vln01:Y11-:i0t1 uu 1tmff 1 'Viti .. ., .. 

., ' 
wq~mrn'IJ0-:i i m -:ifff 1-:iu11,itiiwq~ nn 110u1-:i i 1 dj0~0-:i\lm11-:i11Hu~u i 'H1mt111 iim111mm1t1 

"' , V '"" liJ liJV, "', ~ V d ,,, d?I ' ' 111:1tffnt1mw u m1muu HUN'W11'W m1 111 u 1t11u 11 111t1,it1uu'Vl0-:ir101mrnmu ~1100'W ~0m1 

fj/ 1.C::,,ll] .c!(j}I 

~1'W'V11'WUN'W11'W !'H1 fltl 'IJtl~tlfll'W-11:Yl 

v -1 d ~ ""v 
1.2 1flQIJ1~'1' -:.tfl'Utl-:.11 fl1-:.tfl111iltl 

A fJ} Q,c:f ,. j) d jJ d ..::I I jJ 

1) 1 w011u n11'1JB1J 1:111i m100 nu uu Im -:i1:Y11-:im 1:1 mrnt'IJB 1J1:I mt1111t11:1trn t111mrn01:Y1 H 

ir11-:i1:Yf1-:im~nlu1.htl'Vlffl'Vlt1 (Typical Detail) i11m~mtu111w'li01'i0 

2) 1~0ffn1'l1wq~mrn'IJ0-:i'li01'im11u-rn1 l'W i m-:11:Yf Hm~ n~ri01:Yf 1-:i i 11t1Hm~111u m1 

ri01:Yf 1-:i'IJtl-:!U:itl'Vlffl 'V1 ti mt1MUHIIH'W~'W I 'H 1 "11t1 i u1unrn I Til'W O~llJ'W; 

3) l~tlU 1tdju'li01'i0mu-1m ~l~'W~1U'Vl'W'IJtl-:ilJ1~1!1'W m1ri01:Y!H luu:itl'Vlffl'Vl ti "11u 

m111mmrn lu m1f un11:i-:i i:in1'ltutm1w-:i1rnt'll0u nw10-:i~01,iii lu m1~1u'V11uu 1-:ium~ 

m11u~t1u1u~01,i,it1n11i'W tiu,i'01'im11t1 l~m-:iuHu ~'W i 'H1 "11t1 i u1 unrn i TI! uo~111u; .. 

1.3 'IJ8'lWU\Jl'IJ8-:.t 1fl1-:.tfl111-0tl 

v ~ v d d , v , .I liJ ~ , v 11J.1d , , 
1) 111J11lJ'IJ01J1:I lflHff11-:i!'H1:lf)'Vlf)tlff1H 'Wu:itl'Vlff !'Viti !1ltl1J-:il'W'W !U'V11tltl~tl:it'H11-:ifl1'W 

f)1Jlff1 1~01~'W~1U'Vl'W'lltll'itlfl1'W-lffl!'H~f) luu:itl'Vlffl 'Viti 

2) W\Pll'W1111JU~1M-:i ITil'Wfl~llJ'W;'IJtl-:i'lltll'itlfll'W-11:Yl !'H~f)'lf'U11 Welded Unreinforced Flanges-

0 .C::,, o' 0 ~~ ,el Q fJ/ I dt Q.I 

Bolted Web 'V11fl1111 mlt'H II UU ,111:ltl-:i'W! W t)fff)'j,j 1W (J ~m 1 lJ 'IJ'eN 'IJtl~tlllJtl 11JU H 
., 

UH'W~'W i 'H1!l1tl1J f11JN1:lfl11'V1111:Ytl1Ji'W-:i1'W'IJ'W111!'l11 i fl:i-:ifff 1-:i,11-:i 
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3) U'J~~fl\91Hu 'LI 'LI ~1irn~, vJ 
1h1 iH, U.J'W 191'1 'W '\ltl 2 1 ~Ul11 fll'J u i' 'I.JI u~ U'W 'Jlfjij~!O U~'IJ l 11W 'J tl u9io 

'J~'l11Vlfll'W nrn m 'l~mi1o'Wn1J'J1U"~1ou~~riofff 1-:i 'l'W u1~1V1t11 'VlU 

4) tl11ff'Wt1V1q~mrn'\lo9iorn'W-1mm~fl~fff 1-:i 'l 'Wu'J~l'Vlff1 'VI mrloi'rn1 'J .:iuH'W~'W 1 '111 

5) 1ff'Wt111'W~ffnum'V'l'llt1.:J'\lo9iorn'W-1mm~n 'l 'W u1~1V1t11 'VlU'l'W m1i'1J11 'J .:iuH'W~'W 1'111 

. 
ti 'i dq I , ii.., 

1.4 "J::: &tl'VU'flfll~1lil::: ~"J'U 

QI o 111 .... llil .Q.e. o' V ' d .e. 
1) m:i.n'Jtl'V'IWl'Wll!lJU'illijtl.:J rn 1'Wt1mJ.J'W\91'1Jtl.:J'lltl\9ltlfll'W-!ffl!'Yiijfl'b''W~ Welded Unreinforced 

' " "''l 91 ... "'l gJ ,d. QI .Q .Q 

Flanges-Bolted Web 'V1 mmfll'J11fl'Jl~'l1 nmflu.:inmmfll'J'Vl~fftllJ'b''W.:Jl'W'ilH 

2) ffl:I.Jl'J tl~WI 'Wll! lJlJ~lijtl.:J, vJ1 'Wfl~IJ.J'W \91'1Jtl.:J'\ltl9itl fll'W-1mm ~ fl 'b''W~~ riofff l.:J\911" fll'J 

rioiYf 1-:i 'l'Wu1~1V1t11 'VlU 

3) Yi1 'l~'Vl 11uV1q~mrn1m~ffflUfll'V'l'llt1.:J'\lo9iorn'W-1mm~n 'l 'Wu'J~l'Vlff1 'Vlmrloi'um .:i 

11H'W~'W1tt1 
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2.1 'I.J'flUl 

.J 
'I.J'fl'fl 2 

.c:!I ~ ' ,I I 1 ,, 0 ,, .d ~ ~ .ct .d O Q.I .d d..:!t I ,, I 

m:i m 1 ti~ 191 o o -:i fl 1h t flo 1J l'.I fl'ff 1 u 'tt 'l'l l'tt u Tl'l I u u 'tt u -:i 1 ~ t1111 fl t'l'I m flty'l'I ix~ flfl o 1 o ti\91 m I flt 'll o 191 o 

' ' 
1t'tt11-:it1-:iflthtflt11J'tt~fl'llt1-:i im-:i'fff1-:i 1iu mu 1m 1~ul'i'u i-:i1~u~-:i~,1~uvi,rol>im1tl'i'o-:iii 

1ht~'l'lt mvnnflfl11m11J'ff1:1J1101u m111J11H'llt1-:io-:ii>11htflt11J'tt ~mm-:i i r11-:i'fff 1-:i1~0111' m1 

ciw1'1'1111-:i 11.J~i m -:i'ff!1-:imfo 1~mh-:iiitJ1t~'l'ltmw m11fo-:iti'um1i-:i'l'lmt1'1Jt1-:i i r11-:iff! N'IJWttn~ 
, ,,. 11) 1 . e1 . QI QI.Qi ti,. 1 QI , ,, , ~ 'J) , 

IIH'U~'U l'tt1'1J'Ul~ 'ttfll 1lt'IJ'Utl~fllJfJW fflJ1J\91'1Jtl-:Jtl-:Jflu 1~ fltl1J'ttflflllflt'ff1'U 'lltl-:J'lltl\910 CJf-:J'IJtl\910 

jJ "' ,,, "" "' "" ,,. .J' 'i ""1 j/1 jJ , "' "' .: <!I 1lt\9ltl-:Jll 'IJ-:JII HlWtl-:JWO'l'l1lt11JllH'l'llfl~'IJ'U I ~fJIIH'l'I 'If 'Ufl11tltl fllllJ1J'IJtl\91tllJ~-:J'U II HliW'U 

11u1uou II Hm1J11u111fl'U 111-:i~~1rntu~ d1u m1t:ht111Ht1Qt1'U ~t1-:ii>1tJ1tflt11J'llt1-:i i m-:i'fff 1-:Jllflt 

I j) I 'J/ 0 ,j/ j/ ,fJ,} P QI .C!t, 
ff1'U'lltl\91 ti 1lt\91 t),:j m t'l'l 1 'tt\] fl\91 t),:j llflt 'tt fftl~fl ~ t),:j fl1J fflJ lJ\91 J l'U 'lltl-:J fll'j m t111tlll H 

Vt d ,~ d.=-. • 
2.2 'UtlVltlfll'lHfflnHlflU'I.J'I.JQUJUJU.J'UVl'ti'U~ Welded Unremforced Flanges-Bolted Web 

lJ1\911J1'Ufl11tltlflll1JlJ AISC U 2005 ffl'tt11J i m ,:i,rou~-:if UIIHIIN'U~'U 1'111 (AISC Seismic 

ll)j}o ,j/'i JI "' "' jJ "' "' ll)jJ Provision 2005) l~fll'tt'U~ 'tt I flH'lltlll'IJ-:JlllJlJWlfl't,J (SMF) \9ltl-:JlJT111lJ'ffllJ11f11tl-:J11Jf111'ttl.!'U I~ 

I j/ I 'i j/ Q j/ 1/Jj/ I j/ 

tlfJl-:J'Utltl 0.04 radians ff1'U 1flH'IJtlll'IJ-:Jll1J1Jflfll-:J (IMF) 1lt\9ltl-:J'ttl.!'U l~tlfJN'Utltl 0.02 radians llflt 

0.01 radians ffl'tt11J im-:i,rt1ll~-:JlllJ1J1i'j1lJ~l (OMF) i-:icl'rimi'u im-:i,rt111~-:JlllJ1J1i1rn~1cl' AISC 
., 

1 ~ n1'tt u ~ 1-n'w q~ m rn'll o-:io-:i flt11m10 ~1 u i1-:io mff~ m li 1i!u 'tt 10 iii1-:i ou Ofllff ~m! o timfl i-:i 1~ 

"' "' 
f11'tt'U~fl11'ttlJ'U'IJtl-:J,rtJl>itJ Hdfo-:i 0.01 radians ll11U'U ,rtlf11'tt'U~mihu1~'U 11.JmlJHflfll'jffflt,Jl'IJt),:j • 

d,<!::i..::::. "1 ,,, 'J) .=:1 .Qililj/ Q.1_!::J 'JI .Qi 

SAC 9f-:J\91WlJW 'Ultlflff11 FEMA 350 ~tll'UffllJ1Hl'tt1'1Jtl~fl!WlJl\9llJ 1~111fl'tt'W-:i~tltlNtl-:J [5, 8] 
., ., ' 

'Ut1fl111fli111-:i FEMA 350 llflt:1J1\911J1um1oomm1J AISC 20051~nmu~'lfu~,r01>iovim:1J110 

o ,j/, 'i jJ cl "' , ll)jl_!I 1 ll)j/o "' jJ , d 
'U1:IJ1 'If 'U 1f1H'lltlll'IJ-:J'lf'U~\91N1 !11>l1tl 'U11tl-:J1'U'lltl-:J FEMA 350 l~fll'tt'U~'lf'U~'lltl\9ltl'l'll'ttlJ1tfflJ 

"' ,.. .:::I .ct Q.1,d 

(Prequalified Connections) 1~tllJ11tlfltltltl~~-:J'U 

"' ,jJll)jJ<» 'i jJ "' 1) 'lf'U~ Welded Unreinforced Flanges-Bolted Web 'If l~fllJ 1flH'lltlll'IJ-:Jll1JlJflfll-:J 

"' ,j/ll)j/<» 'i jJ "' "' 2) 'lf'U~ Welded Unreinforced Flanges-Welded Web 'If 1~fl1J 1flH'lltlll'IJ-:Jll1J1Jflfll-:JllfltWlf1'1'J 
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"" iill!Jil"' ,- ii d "" 3) 'lfW~ Free Flange 'If l~flll 1flH'IJtlll'IJ·;Jll1J1Jmn:i m1::;'l"llfl'},I 

4) 'lf'W~ Reduced Beam Section i~l~t11J l f1Hit111~-:i11uumn:i m1::;~1fl'1'1 

"" iill!)Vo,l V d "" 5) 'lf'W~ Welded Flange Plate 'If t~flU flH'lltlll'IJ-:jll1J1Jfli,1,:i 1m::;VHfl'1'1 

, lJJ d l!)ilo gJ • "" l!)Vi 
mm l'Jfll>IUl lJ11>l'Jj1'Wfl1'Jtltlflll1J1J AISC 1~fl1'tt'W~l,:rvn::;'1Jt1\>ltl'lf'W~ Reduced Beam Section 11 'W 

~ ~ 

m1>1111utl 2005 1viTW'W iJi~furn1imirum1u::;11-:imrn~1n FEMA 350 mHium1>1111udT11fu 

1m-:iim1~-:im~fl'lf'W~ Welded Fully Restrained Connection Types 

d1'tt f u fl1'J fffl},j 1 i 'W il1'W fl1'J i WJ'W 11! llll ~ 1 irn-:i i vJ i 'W vi!U.J'W 191 ~1 'ij fl~::;111 fl1 'J fffl1'11it1~tl 'lf'W ~ 

Welded Unreinforced Flanges-Bolted Web ~-:i\}fl'J::;1,! l~fl AISC itt'i~i~nu 1m-:iit111~-:i11uumrn 
I t 3/ 3/ 3/ 

.ct. , .di \IJ,.1.c::1~ , ~ o1=t j}.c:t,Q.I ct ~ i , 31 , ... I .ct. 

mm1>1V1 lJ-:i m1fl'fl1'11 rn'YI "llt11>1t1'lf'W ~'WI 'l"l 'J 1::; m~ flm--mm rn ~ iYt11J 'lfm1u 'IJtJ 1~ 'ttru 'IJ t11>1t1u 1 ::;m'YI 'W 
q q cu fJ 

;,:i111 itt'mmHllm fllJl"tfou ~-mf111lJ\} nl'i't1-:i'IJt1-:i11 uu ~1i:ltl-:i i vli tJVi!llJtJ\91 ,~~w:hit1~m.h::;1i1'YI 

d i ~ llJ .P o .d fJJ 31 d ,. I Q.I O i:li j}.c::1 .c::t oC:t, v 
t1t-1 'l ~, nu 'Wll.Jtl 1 ~111 u u ~, irn-:i'YI\J n1>1t1-:i11 ri 1 n~::;m m1 flu rn II u um rit1-:it-1 'YI mwri::;rnfl~u 1 nw 'lltl 

~ti fll'W-1 ill i 11'1 m~I ~fl-:j nu 'JlfJr! ::;10 fl~ fll'J tfoir! H 1 mh ::;!VI fl'! VI fl 1m ::;111m111 m 1::;1111 u 1J ~ 1rit1-:i i 'YI :u 
~ 

~ti l'U 'J7flri::;1ofl~'llt1-:iit1~t1'lf'W~ Welded Unreinforced Flanges-Bolted Web fl~-:iil 

COLUMN 

BEAM 

COLUMN 

SHEAR TAB 

~----1---- BOLT 

BEAM 

,~-------+--- SUPPLEMENTAL 
WELD 

BACKING BAR 

CONTINUITY PLATE 

iu~ 2.1 iu-u't1~tll11J1Jci1fl llJllJ'W91'1Jtl-:jlff11'i''W1'W (Interior Column) 

6 



... 1d v , , ,- ti ~ 
!u'Vl 2.l 111;1'~~'1J0\9lflll'U'I.Jflltl 11Jl:W'U\9l'lf'U~ Welded Unreinforced Flanges-Bolted Web 'UtM 

~, . 'i ~ c:l .J~~· 
lffl\9l'U 'U (lntenor column) 'IJO~ 1f1Hi;f'.il~1'11flfl\9ll:IJ:IJ1\9l'.ijl'Ufl1'.iflflfl!l'IJ'IJ AISC 2005 GJl'~IU'U'IJ0\910 

' ~ 
..c::t I I ~ , Q.J V V ... I I ,..I V 
Vl\9lfl'.i:t'l11HI i;flllfl:tfll'U 2 'lf'U 'U flfllJW:tl;f:W :IJ1 \9lrnl'U GJl'ltll!fl:t'IJ 11 ~ lfl'.iu II l;f~M i;1'1'U u'.i:tflfl'U 'IJO~ 'IJO .. 

,,. c:l .J ~ "'.I .., 'i ~ 'i ~ lJJ.I ~ o .., 
Column flfl !i;1'11'11flflGJl'~IU'UO~flu'.i:tflfl'IJ'l1flfl'IJO~ 1f1Hi;f'.il~ 1~tl'Vl11U~:tl1J'Ull'IJ'IJ W Shapes ff1'11'.i'IJ 

1h:tm rl1;1'1111m:w 1 m 

,!I c:l ~ ... I .., 'i ~ I "" .., 

Beam flfl fll'Ul'l1flfl 11J'UO~flu'.i:tflfl'IJ'l1flfl'IJO~ lfl'Hff'.il~l'lf'Ul~tl1fl'IJ Column 

~ I ... I Q.J Q.I ~ .ck ~ I d d di .Q Q./ I -;;ii ,- I 

Shear Tab flt) IIN'Uu'.i:tfl'IJ'.i'IJll'.i~mo'U G)f~llJ'UIIN'Umflfl'Vll'lffl:W\91~fl'I.Jff1'Uufl'IJO~lffl ']j'tJ~ff1'U'IJO~ 

1 m ~ff! 1~ 1 ~mi'lmh'W d1fiqi 1 'W fl1'.i1'1.JU '.i ~1~o'U 1 'WU 'U1~~'1lo~'li'o~o 

~ a., d c;l ,,I, ~<9 ~ a., ,l I a., 

Bolt 11J'UffflfllflM11'11flfl'Vl 'IW~ Shear Tab l'Ulfl'I.Jfll'U 'IJ'Ul~'IJO~ Bolt ~:t'IJ'Uflijfl'IJ:I.Jl\91'.ijl'U'IJO~fl1'.i 

Oflfll!'IJ'IJ 

4 I dd, 1..c::I .cko v.d, j/11 .t 
Continuity Plate fl011N'Ul'l1fl fl'Vlfl ij'.i:t'l111~ U fl'IJO~ I ff1 GJf ~Vl1'11'U l'Vl fl1 tlll '.i ~~1 flfll'UI 'Ill ~ff1'U IIN'U \91~ 

'IJO~lffl (Web) 

4 1 d .d, ~ V a.J di I t ..c::t 1 ..c::t 
Backing Bar flOUN'Ul'l1flfl'Vl 'Jfu~l'IJlfl'IJ'.iflm'lfO:IJ'.i:t'l11Hff1'UUfl'IJO~fll'Ullfl:tff1'UUfl'IJO~lffl 

4 ~ d ... 1 1 V • d 'j/ ?I di , ~ 1 

Access Hole flfl 'IJ'.il1'.i'VluflltJUN'Utfl1'1JO~fll'U~1'UlJ'Ullfl:tflH'Vl\}flfl11'UtltlflllJ'U i 1vrn 'Viff:t~1f1\9ltl 

,,i 
fl1'.il'lS'O:W 

4 d d ~ d 1 1 ,t 
Supplemental Weld flfl'.ifltll'lffl:Wl'VHllff'.i:Wfl11:WU'IJ~IIH'IJ0~~~\9lfl'.i:t'l11H Shear Tab llfl:tUN'U\9l~'IJO~ 

fll'U 
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COLUMN 

PANEL 
ZONE 

COLUMN 

SHEAR TAB 

~---~,__ __ BOLT 

BEAM 

BACKING BAR 

CONTINUITY PLATE 

.Id .1 31 ' ' "i' ,1 31 "" iuYl 2.2 iu'U0\9l0111J1Jfl1tl 1:IJl:IJ'W\9l'UOsllffl\9l'Wrn (Exterior column) 

.d fJ}I ,,. 6'.c:. 

!iJYl 2.2 llff~sl'U0\9l0111J1Jtlltl 1:IJl:IJ'W\9l'lf'W~ Welded Unreinforced Flanges-Bolted Web 'UOsl 

!II "" di "' .,_ I !II ' <!I .., !II ' !II i 
lffl\9l'Wrn (Exterior column) GJM:IJOslflun:nou<uo-:i<uo\9lOl'H:IJO'Wfl1J'U0\9lO'UOsllffl\9l'W 'W (Interior 

column) ~-:inci11'l!H9i'u 111-iiiri1u~11\9lnl?i1-:ifloo-:ir1il1~nou<uo-:i 1 flH1:1!w1-r5n nci11flm1~iimu1'Vit1-:i 

~l'Wl~t.11~ 1-ioi 'lllfl1Jlffl ~-:it! 'W ~sll i'lu iol?io~ i"ff :IJ :1Jl\9l'J ~1tl0sl r11l'J ~ fl01Jl'I ~ fl ~sl'\JO 1-io i 'W ~ fl'l,J w~tl 

,i~om.11m1:1!1-:i1i'lu11uu~1c10-:i1irnfom1ffmn 1m-:i-:i1uif .. 

. 
v• ,..,,, il'ltl \I 

2.3 'UtlVltlfll'lHtnl'tHlfl't'lfltla'"JH 1'1-! "J::l't'lt'I &'t'ltl 

'JJ I fJ/ ,. Q i lI) ,:. 9/ 'J} I .Cl, 

,llflfll'J'J11J'J1:IJ'UOl.Jcl fll'JflOff'JH I fl'J sll'Hclfl 'W iJ'J~IYlff I Yltl 11JOsl\9l'W'Vl1J'UOl.Jcl11 1J'J 11W ~~ 
,, . . 

l?io'J~l'!11-:imu-1 mil 1ff1m tt11i1l!nut1:1Joo mmu 1 ~tiH;m'J 1;'/o:1Jl?io~1t111:1~1:ifo:1J1i'lul'l~fl 1~t1ut1:1J 

iri1om~omouu!11w1~urnunlmu~-:i111:1~-:iiu1il~ 2.3 .. .. 
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11;1'1 

' ' I ,=f ,=f 

fll 'W mrn-HY! '1-H'W:iJ 

fll'W W-Flange 

_1d • • d"" , ii, -1 11) 
l1JYI 2.3 u~~-:i~~~o1~'1111-Hnu-1m Yl'WU:iJ 'If t.11J1~1Y1tY rnu 

~ , ls) t ,=tQ.J i/t::t QI ii I d ~ 
1mm mh~!Ylff 1YIU'W'W :1Jrifl~w~1m11r1u-:in1J'Utl~tlfl1'W-lff11'11€'1fl'b''W~ Welded Unreinforced 

Flanges-Bolted Web mn il~U~ fl~1-:Jtl'W ~1-:i1J!11wUH'Wltl1'Utl-:Jfl1'W ~.ffo~o 1u1h~!Ylffl Ylml~ il.ii'.i 
m11~UH'WU~tl1J11JUH!6ti'W (Shear Tab) 1m~n111riuo~ U~il~1i'.lum11;1o:IJUH'Wltl1'Utl-:Jf11'W!.fi'1t11J 

'11tl'11ff1 t~U~H 

-• -4 " ' c:( ~ • 2.4 3uU'U'Ufl113JUnJ'tt1tl'UtN'Utlfltlfl1\Hll'11'tHln'VtJ~ Welded Unremforced Flanges-Bolted Web 

mnm1 fffl'.lfl1U II 1J1J fl11:IJI i1ti'l11U'Utl-:J .ff o~om1-:iil1 mn~m~ fl11 WUH'W ~'I,,! i '111fl#-:i, mu 1rlo 
~ . ~ 

";11 .d .el ... I QI ~ 1 .ct 31 • d 
1J fl. ff. 1994 Yll:IJtl-:J Northridge 1J1~1Ylff~'111Jtll:IJ1fl1 'l'i1J11iUll1J1Jfl11:IJl~U'l11U'Utl-:J'Utl~tll'l1€'1flll1J1J 

OW !:IJl:IJ'W\91ff1:IJ110~1U'Wfl t~Url~!fltl~ l~~-:llU~ 2.4 
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C6 

Gl Cl C2 

G3 C3 C4 C5 

(fl) Girder Damage ('U) Column Flange Damage 

Wl W2 

S6 

W3 W4 P5 P6 

(fl) Weld and Shear Tab Damage ( ~) Panel Zone Damage 

d . I .. d ... J' i ... :ii I 'i j/ Q I 'i .. 
111'1'1 2.4 iu11uum111tm.1mu'l'l!fl~'ll'W umt1W'Ut1\?lt1'1Jt1~ 1flH'ff11-:u,,rnn11uumu 111t1J'W\?l [7) 



' ., 
iiJvi 2.4 ff1:IJ1HIOfi'l.Jltl€lfl1'JW~iiJ11um111:1Jtfft1'111tl,;i~i1 

1) Girder Damage t~'Wt1111U1Jfl111Jlfft1'111tl~lfl,J;f'Wf)1Jff1'W'll0~fl1'W 1,1t11h1t1fl~lflt1,1i~i1 ~,i 

Gl lfl,Jfl1Ji,i~o i'Wff1'Wilfl'll0~fl1'W ~,i G2 fl11aflll\91fl i'Wff1'UiJflU'W'llO~fl1'Wim1
1

G'jf11JJOtl 

l~OlJ ~,I G3 m1am1\91fli'Wff1'Wilmh~'llO~fl1'Wimi'1nu1om~m.J ~,I G4 m1an11\91fli'WllH'W 
., ., 

\?l~'llO~fll'W ~,I G5 flWU,J~O i'Wff1'WllH'W\?1~'llO~fl1'W 

?I . I "" d "' ,% ., I ':;II 1' "" 
2) Column Flange Damage l1J'WtullUUfl11lJlfftl'Yiltl'Yllfl,J'll'Wfl1Jff1'Wufl'llO~lff1 1,JtllJ 

., ' 
11tlfl~lfltl,Ji~'U ~,i Cl fl11afl'll1,Ji'Wff1'Wilfl'llO~lff1im1

1

G'jJOt11;Jo:1Jf11JiJflU'W'llO~fl1'W ~,i C2 

fl11a flll\91fl i'Wff1'WiJfl'llO~lff1 iml
1

G-] 10tll~OlJf1UiJflU'W'llO~fl1'W ~,i C3 fllla flll\91fl i'Wff1'UiJfl 

i 
~ ,,\ ., ':;II I "" , I ':;II , J! ,,\ 

'llO~lffl flflG-]10tll'lfOlJfl1JuflflH'llO~fl1'W ~,i C4 fl1HW'll1,l 'Wff1'Wufl'lltl~lff1 fl'1G-]10tll'lf0:IJ 

nuiJnrl7~'llO~fl1'W ~,i C5 fl11afl'll1,J i'Wff1'Wilfl'llO~lff1 im1
1

G'j 10tll~OlJf1UiJflrlH'llO~fl1'W ~,i 

C6 m1a flll\91 fll~'Wll'W 1tl11'llO~ff1'UiJ fl~~flfliJfl'llO~lffl 

3) Weld and Shear Tab Damage l~'Wt1.JllUUfl11lllfft1'111tl~lfl,Jf11Jff1'W10tll~Ollltfl~ff1'WllH'W 
., 

... I QJ Q.I ,:!I ,.. .cl ..cl QJ A ?I ..cl 
u1~fl1J11JIIHmO'W !,ltll.JJltlfl~IOtl,1,l~'W ~,I Wl, W2, W3 !!fl~ W411J'Wfl1rnflll\91fl'll0~10tl 

l~Ol.JJ~'l11Hff1'Wilfl'll0~1fflllfl~ff1'Wil fl'llO~fll'W ~,I s 1 nua flll\91fl~'ll01J1J'W'llO~UH'W 

iJ1~nu~~,Jf)1J!IH'Wt~'llO~fll'W ~,I S2 !!fl~ S4 nuam1\91fll~'Wll'W1tl11'llO~UH'WiJ1~nu i'W 

ff1'W~~,Jf11Jil fl'llO~lffl ~,I S3 nua flll\,lfl,J7flff1'W ,h~'llO~IIH'WiJ1~n1J1'\11'111t'llO~ff€lfllfl~tl1 

QI .cl, ~ .::I .cl l.c:t. Q./ .c::I QI .cl 

llfl~1l1flt'llO~ffflfllflfltl1fl~Oflt'YI0~\91,ifl'U ~,i S5 fl1rnfl'll1,J'llO~ffflfllflfltl111fl~~,i S6 fl11 

aml\91fl, 'W ff1'W10tll~Olllffl1J'llO~UH'W111~nuf rn11 ~l~O'W 

4) Panel Zone Damage l~'Wt1.JIIU1Jfl11lllfft1'111tl~lfl,Jf)1Jff1'W Panel Zone 1,1t1ih1t1fl~lflt1,Ji~i1 

~,I Pl m1afl'll1,Jl~'WU'W1tl111l1flff1'Wilfl'll0~1ff1H1'WIIH'Wt~ufl~l'\11'111flflilfl'l1d~'llO~lff1 ~,I 
., ., 

P2 flllMfl~O i'Wff1'WUH'W \?1~'llO~lff1 ~,I P3 m1a fl'll1,Jl~'WU'W1tl11 i 'W ff1'WIIH'W \?1~'llO~lff1 ~,I 

P4 m1a fl'll1,Jttl'WUHff1'W'llO~UH'Wi~'llO~lff1 ~,I P5 m1an11\91mtl'Wlt'W1tl111l1fl10tll'l10ll~ 
., ., 

~lJ'llO~UH'W\91~ i'Wff1'W'llO~lff1 Ufl~~,l P6 m11 ti~~01tlt1~1J1~ff1'W'llO~!IH'WflO'Wvi~a~ 

(Continuity Plates) 

1,1 t1ffi iJ10 t.111\91 n~ 1 n,1i'U1 tl'W 10 tlll\91nuurniJ11~ 1,1 t1ri1'W i m1J,1~1 n,1~u l 11w ~,11 ~o :i.Jl>i o 1 ~'1117~ 

fll'Wllfl~lffl 1,1 tll Otlll\91 n,idj €l fl1'JW ~~ fl~l tlf)'U flO iJ ~,11i lJ ~'W 'llO~ fl11 ll\91fl~J l'W 'llO ~ 10 ti! ~OlJ f11J 
., 

Backing Bar ,11mfoiiJ11uu1ot111\91fl1l~m~,i1t1i1oonH1'Wilmff11'\11~11H'Wm1'llO~lffl 'tt~O'l.Jl~ 

iiJu 1J1J,J7fl~,Jt j lJ~'W 'llO~ 10 tlll\91 fl01,J ,J ~m ~,lltl\911\91 flO,JJl'W 'llO ~10 m~o lJ i ~!I ff,!~ i 'W iiJ~ 2 07,1 

nrl111,it1ffliJ,;1110t1ll\91fli1iltiJ11uu i1J11tl'UO'W OaH i 1 ~mll~ffliJ,;fio 10tlll\91fl1l~iJ~,11i:1J1l1fl 
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,A • d "" .k . I "" ~I .,k 
Jl'W'\m~·rnm'lrnlllll:\t Backing Bar 111:\t10tlll~fl'Yll'l1Jlllflflmrn~iu11umn1 1fltlll~fl'\Jfl~uflfl1'W Clf~ 

ii~~1ill~m11m.Jmt1'\Jfl~ Access Hole l'\11~J7'Wrnm~oll 'Yl1flN1'Wf111ll'\1'W1'\JO~Uflfl1'W 

Beam Flange 

. Id . I d ., ,1 "' j) , , "i j) d d 
iu'YI 2.5 iu111J1J1'elflll~fl'Yllfl~'\J'Wfl1J'\J'e)~'e)fl1'W-lff1 'W lflH'\JOll'\J~l'\11:\fl [6] 

' ' 
2.5 ~ nfj itin I fltn ,Y M fl 1.J ,YO fl O fl l'lH tn l'tt ! fl 

'il1flfl11fffl1fl'\Jfl~ 1f1Hfl11 SAC Joint Venture 'lf'N~ 1 111:\t 2 irnJ11 1fltlll~fl~ln~tmf u • 
l~'Wll1J1J11.h7t 111:\tlfl~ i~\11fl'\11:\1tlil11'11~1'lf'W fJWfl1l'l'\JO~fl111~'ellJ tJWfl1l'l'\Jfl~1tHJl~'ellJ Backing 

Jt .d -Cl Jt ' .d .Qi ' I d J Jt 
Bar 111:\tfl'W'l 'Yl1J111WJ1'W'\Jflnflm'b'flll1t'\111~ Backing Bar 111:\tUflliYl\ltlfl~'b'fl~17~mfl'l '\J'W lllfl 

I 4 QI Q.I O ,j}.Qi P ~ QI .q j} ~ 
'b'1~ I 'b''el ll'\J1~ m1 mtll~ 1 t1~\lt'YI 1 '\11fl~ fl11 ~ fl'fll~ '\J'e)~ Slag Clf ~ 1'el till~ flllfl\ltl rn~ 'W \I 1 fl~~'W ,:n fl 

fl11fffllJ1~1tl1nivl-iu ~ftlll'W\91l'l1J11 ,iti'.im11.J1 fl'Wil ~ff~ i '111:\Nl'W ,J1flfl1'WilliY11 ~tlN1'W~\91111'11'lfrrl' 
~ •4 ~ 

lllfl~ty~11ir~~1uiu~ 2.6 ,i1fliil11ir~~mh~i'~rnu11 iim11.J1flmJ:~ir~i111:\Nl'Wl'tl1~1m~u!11wilfl 

4 ,d QI .Qi , QI i p .Qi " .Qi~ .d .Qi ~. 

fll'W ~ ~ lJ 1 flllJ'ell 'YltllJ fllJ 1J111WIIN'W Shear Tab ~~'W mn,i tlfl~ 10 till~ fl\) t~ O~lfl~'\J'W 'YI 1J 111W 'W flO'W 
., . ' 

'WOfl\11fl'UU~l'l1J17mlliYll)J1iJ7'W't11r11mi~ium1oommu fio IIH'W Shear Tab \ltl17'11tl'7't1'.i1JIIH 

.,. , 1 ,,:s .Qi er .cl ,c!t d • " .::1 .Qi ~ 1 ~, .Qi , ~,. 

l'il O'Wil1'W 'tttlJ'Yllfl~'\J'W 111:\t,JtlJII Hl'ilO'Wll'ltl~il1'W'W'eltl'Yllfl~'\J'W 'WU flfl1'W~H1J 111W 1'eltl~O'W I ~ti 

l~'WiU~1ll'Ylt)lJ~'\JO~fl1'W (Beam Theory) mh~ i1n~1lJ Nl:\\11flfl1111fl11t11~1tl1fii vli'W~ftlll'W\91 

, j) d I .. "'I O A ,1 , ~I .,k .. I l/J ~"'1 • 
11"'1'~~ 'Yll'\1'W11lJIIHl'il'el'W\11'W1'WlJ1fllfl~'\J'W 'Wuflfll'W Clf~'el1\lllfl1~~ 1;l(l~lJ1flfl11 60% '\J'el~IIH 

,c!t t .d.Qi~.dj}Q/ .Qi el~ I I Q.I .4 .d 

l'il'el'W'Yl~'\1ll~'Yllfl~'\J'W'Yl'\1'W1~~~H1J111W 'W 'W'W'\1llltlf111ll1111N'W Shear Tab \lt11JII Hl'ilO'Wll'ltl~ 

40% uir~~ t 11'1~u11il flfll'W~u!nw tl~fl~uu flf um ~l~fl'W ~1rnmili~r11u1w i 1nfl'W ~~111 ~1~fl'W 

~1'W 1'W tlm,i I ~'W "'1'11 '\1~'\1 ~ ~ ~'¥111 Ml n~m7 ll I fl'W ~ ~ ir~~ u! 11W U flfll 'Wlll fl~ ir~ 111:\t\Jl i U~fl11 I fl~ 

1'elflll~flt'W i~ 
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.,.1.d Q.I p ..:!t .d .Ct, J ii Q.I d ~ ii i ul'l 2.6 u ff~ -:i m1 mt,rn.1~ 1'\l t1-:i m1111 t1'W1 ,HJ'W l'l lfWI 'U'W u 'W 'tt'W 1~ ~ m tat 0.25 'W 1,11n'tt 'W 1 

. I , !JI Q I p "' "'"1 p "' ,l d "' 
1ff11l1fllullff~-:i 'nl'tt'W11 'fl111ll'fl'Wmtl'W~-:J"!~ll 1~Hfl~'U'Wl'lll'W1Ufl'Wfft1l'l'W (Neutral Axis) 

1 'tt :Utl'W tiu~u ff ~-:!~11 tlfl11 fll'W 1W ,llfll'l t']ll~'\ltl-:Jfll'W 1~t1Ti1m1111 fl'Wl~tl'W ~ -:i "!~lfl~ t'W ~ 1J111W um ti 

1J'WU'1trl1-:i'Ut1-:JU~'W Shear Tab 1rlm11m111m1t'tt1~111~111 ~ tlfl~1rl'W~1'W1'W1Utll19f'W~'Utl-:JU H 

,c:!i t .d~Jd i)Q.I~ 1,d P I ~ ~ iJ Q.I 

11l tJ'W l'l-:J'tt ll~l'l lfl~'U'W l'l 'tt'W 1 ~~'W ,1 tTiu11il flfll'W ~11'W u mmtm-:i 'Utl-:Jfll'W u 111w 'W ,1 t~t1-:iu u mu u 1-:i 

1~t1'Wl'Vi1tiu 66% 1'W'UWt~U~'W Shear Tab 1lt11JUH1~tl'W~1n~t'W1Wtl-:J 34% ~-:JUff~-:1,'WlU~ 6 !~tl 

~ Q.I a ~ .Ct, J t , .Ct, "~ .Ct, .Ct, .Ct, .Ct, 

Tit'J~ m 111 m1 mt,11am 'Ut1-:iu 1-:111'.l tJ'W 'W ,1 t1 fl~ 'U'W l'l-:J 1 'W 'b'1-:J m 111 m1t'ttt1 mff~ flu "1ttJ 'Wtl mff ~ fl 

(Elastic and Inelastic) lU~ 6 tJ-:!Uff~-:Jt111lliYll'W'W1i'Utl-:JU11J1WUH1~tl'W1'W11~'W Shear Tab 1t'tt1H 

d.ct d ' iJ ' Ji ' ,d d 
1ffll'lllt111lJU'\l-:JUH'Utl-:!Uf.l'W Panel Zone 1J1flll'1t'Wtltl 1ltTI1J111lltlllf.l'W Panel Zone lJ'fl11lJU'U-:JUH 

. I"' "' , I d J Ji ,d iJ ' d J ' Ji ,d 

1J1fl u11J1WUHmtl'W 'Wllf.l'W Shear Tab 1lt1TilJ'U'W1lltlllfl11'ttlJ'W'Utl-:l'Utl~tl1Till'U'W ff1'W1lltllfflllt111ll 

d , iJ , .... I.Ct, a 1 , , iJ .d d 
U'\l-:JUH'Utl-:!Uf.l'W Panel Zone 'WtltJTIU11urn1wu1-:imt1'W 'Wllf.l'W Shear Tab 1lttltl'W'U1-:Jtl-:il'll'l 

.I .,j !JI I "' ,l 
u1t1J1W 45% - 50% 1lltlfl11'ttlJ'W'Utl-:J'Utl~tllTilJ'U'W 
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■ Weak PZ 
>---------------< 

■ Siron PZ 

4 
She Symmetry Plane 

S1ory Drift, (¾radian) 

d .c::. ~ d~~,.::t , .::. ,,, pJVi 2.8 U'.il.JlWIIHlll'tl'I.J'YllfWl'IJ'U 'Wilf1fll'Ull'1~11r-l'U Shear Tab 1J1l1W'IJ0910 "' o'J! 1l l f)f1111l fl'Jl~'H~l1f.l 

1fil'Wl'UOitU.J'U~ [14] 
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iu~ 2.9 llff11~Wq~ nn:u m'If rn1 'J' ·HY~1Jl1ff'IJO~i1ou1,rV111iHJ1Jfll'U-lffl 1'U~O~U611~n11 'ilt 

1i'.f u11i10Ul~'Vl1lff01J.ffo1¥iofl1'U-lffl ~000111JlJIH'ltflOfffH~1t.l:IJ1\9l'J'Jl'Unl'J'OOOll1JlJl'tt:jjO'U'li'0~11 

l¥ioi1"7 IUflO'UU 1994 iJi~uff11~wq~nn:uuuuu11'tt~'U i10UH'Vl1lff01Jlf11l'j'Ot.JU\9lm~1mn i11mn11 
I J t J,I 

'J'Ot.lll\91011'Inviu111W'J'Ot.11;';0:u'IJ0~ilnmu$J1url1~1:i1oi1ou1~u~o~1'U'lf1~fl~1ff~n wq~m'J':UIIUUU 

i ~tu m'I uu uu 'il 1 nm'J''Vl11 ffoui 10 u1~ mu-1 ffl'IJ'U 1111 vi1'1Jo~ 'ill~ 'il 1 n~o~il611~n11 m:u :U'tt 11'VI m ~ t.1 

1¥i1~"1 i1u'J'tll'lffff'ttfJot:U1m 

-8 --6 -4 -2 0 2 4 6 8 

Displacement (in) 

iu~ 2.9 wq~mrnm'If1JU'j'~ff~1Jl1ff'IJO~'li'ol¥iom'U-lffl'll"W1l Pre-Northridge [10] 

~ , :: ii _. , V d • cl c:lj 111. tlil 1-' 1 ,,j 
mrnmn 'U'IJ'U\91\J'IJO~Ol'U'U'VI [14] 11"1'11~ 'ttl'tt'U11:IJ'fl11:IJl1J'U &u l'PlOt.ll~mn'Vl'iltOOnll1J1J 

~ .c:t.d t 1 ~ ,i/<> 
Panel Zone 'Pl1t.111i Balance Yielding 'J't'tt1Hfll'Ull~t Panel Zone nm1f'l0 t.10:IJ 'ttln11nl'J'f'l'J'7n 

, , , c1 QI d 111 ., v "" ,l 

(Yielding) 'Uff1'U Panel Zone 'U'IJWtl11t.110'UOWt.11t.11:U'fl11JfJ:U &:U 'ttfi11m7n (Yielding) ln11'1J'U 

<> QI ,,j }f cl IQI iJ I Ji 1111' I 111 ,:l ~ , 
:u1mnu'J't111J'Vl'iltfflm'It1ff1Nm1:umt.1mt.111n\911'1Jo\91011~t'J'Ot.11'lfo:u &'Pl om~ 1rn\911:u mrnmn u 
., ., . 
QI V cli/ <> _., c1 <!I o ,ii 1111'<> <; V c1 

'IJ'U \91\J 'U\910~nl'J'W~'il'U 'UOO'ttmt.1mt1J1'U nl'J'IWO'iltffl:I.Jl'j'(l'U7:IJ1 ')j'~l'U l'PJ,IN & 11t.l'ilt\910~:I.Jnl'j' 

~ o'.d.c:t.p ~ d'4.q " dj/oClll 

11m1t'tt!W:IJl\91:IJ<pJ1t.Jf'lO:IJW11\910'j' 1wo11m1t'tt'ttlffll'tt~'Vlll'Vl'ilN17mtu1tJm'j'f'l'j'lfi (Yielding) 'IJO~ 
., . ., 

Panel Zone 'W'Uff~H~mt'VIUOUH l'J'U7~1¥io 'li'ol9io 'J'om;';o:u 1mt'tttl'1i11muu111w'li'ol¥io 'illfi'W'U 

~0~11m1tl111'J't~Umrn'I7n (Yielding) 'IJ'U1111l11l'If~il,j1n11H~lfft.11¥io 'li'ol9io 'J'Ot.11~0:IJ IH'ltfll'U 

t ,, QJ d , , 4 ,, QJ 
'illO'U'UOl'il\9lO~U'J'lJIU~t.1'Umtu1um'J'oommu Panel Zone 'UUNff1'U iwom1:u~n\<lo~t.1~'1J'U 
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' .QQ,I 3,/ .C::.,Q,I I .c!I, 13) 

f-H'l-:J1'W1,Jf.J'\Jtl-:J Subhash C. Goel, Bozidar Stojadinovic llrlt~'.i11J1,Jf.JV11'Wtl'WG'J [15] lln'~-:J '11 

dt Ji j/1 d I cl QI j} cl 

1 'tt'W 1Trn m 'Im :i.J 'IJV-:J 'UV 910! '11 rim t'\111-:i1m-m'W :i.J m t,11 t.J9l 1'1JV-:im1m fl'W uri tm1:i.J1 m t.J~~ -:i m n u 1-:i 

!~tl'W,Jt\)f1rlwri-:i~lff1 1~t.JH1'W~u!11t1iilnmmrn1mtri1-:i ll'Yl'W~,Jt!~'Wf11'l'rlw 1~t.JllH'W Shear Tab 

.c::., o' I .J' ~ _,J .d O 1 j.l:::t, \tJ I QI eJ. ..J'll] 'JI .Q 

f11'j !f1~U'l'1f1tJf11'l'W!'lf'W 'W Vl,J!1J'Wff1!'119l'\1'W-:i'Yl'Vl1 '\1Uf1fll'W 1:1.JffllJlHl'l'U!l Hllltl'W 'W !~ llrlt!f1~f11'j 

,% 
ll9lf1'1J'W 

f11'jfff1ll1'1Jtl-:J Scott A. Civjan,John L. Gross [16] l~'Wf11'l'U'l'tdj'Wlmtui'uu1-:i'llt1~tl 

m~n 1'Wm'l'rlW!!H'IJtl-:J llJllJ'W~ (Steel moment connection) ,Jlf1f11'l'n'.itl11'1Jtl-:Jm-:JllH'W~'W 1'111 l~f.J 

" 
iim'l''Yl~fft11Jim1'W l~t.J1ffllH!!1J1J1!]im (Cyclic loading) fiU'lfU~ Welded Unreinforced Flanges-

Bolted Web i:-rnm'l''Yl~ n-ou i'W-:i 7'W ,11 nn-fll'Yl fllf.l'W t1 m1 n-~-:i 1 ttl 'H'W 'lllrlo 1 om ~o :i.J ii m1 m 'tt'W t.J1~1 

m rn II ~,:jll'j-:J'\Jtl-:JU nri1-:J'\Jtl-:J fll'W ,Jt 1lJ1 'W f.J,:j 'Yltl~t1m-:imtvl 1 ~,:i,17f1f11'jff-:Jlf19ll11111'1n~ f11'jU i' u u1-:i 

ilnri1-:i 1 ~ t.Jf11'l' ll'Yl 'W~ ~ii nm'W ~1t.J'.i o-:i 'lltl-:J 1 v m ~ti :i.J ~n t1 m ~ti :i.J ii m1 :i.Jm il t.J11 ~ :i.J;f 'W ,it 1:uvl 1111'1 n~ 

m1 u9ln 1uu !11w 'llt11J1J'W'llt1-:i1om ~o:i.J 

D.Grecea,A.Stratan,A.Ciutina,D.Dubina [17] l~'W f11'l'fff1'1fllJ19l'l'J1'W 1 'Wf11'l'tltlf1llllll llllll 

1'11:u ~-:iun-~-:i'Ylq~mrn'llt1-:J'lltl~tl !~t.Jiii1uu1 3 911fltl n1i1-:i(Strength),m1:i.J11~-:i(Stiffness),m1:i.J 

"" j) 1 " j) I .J ,d ., 1 .I 
!'11 'Wf.l1 (Ductility) uri tf11'l' 9'11'W Vl1'W l.Jl:i.J 'W 91'\Jtl-:J '1Jtl9ltl9f-:Jfl11:i.J!'l1 'W f.l1,Jt\) f11~tltl nm 'W lull U u 'lltl-:J 

l/)3'3' I '1 ., ,.J 1 .I ,d j) I 

f11'j '11 lJ'W I~ '1Jtl9ltl,l t\)f1ll1J,:j ~ f.Jf11'j,J~'\11J1~'11 J.l G)f ,:j ll ff ~-:Jtltlf1 lJ1 'W iu II U 1J fl11:i.J!'\1 'W f.J1'1Jtl-:J 'IJtl 9ltl 

QI .d j) I cl _,J .Ci 9) I QI 

1) 'l't~U'Yl 1 '1Jtl9ltlll 1J1Jl 'tt'W f.J1 9f-:Jfl11 lJ!'\1 'W f.J1'1Jtl-:J '1Jtl9ltl ,it\) f1'YlWI 'W1 lJ1,J1 f1f11'l' 

~1'W llJllJ'W~ll 1J1J'Ylrl1ff~f1 !lJ!lJ'W~llrl~ff1lJ1Hl'l11J'W 1~1 'UU!mtu ~lJ1f1 

2) 'l't~u~ 2 'llo~ouuuiim1:i.Jmut.J1u1'Wnm-:i ~-:im1:i.Jmut.J1'1Jo-:i'llt1~t1,itiwim 

3' I .t ""1 .t .d3'o.,, lJ1,J1 f1f11 'j 9l 1'W lJllJ'W 9lll 1J 1J 'Ylftlff 91 f1 lJllJ'W 9lllrl tlJ '\Jtl ,J 1 Ml 'W f11'l''l11J'W 

3) 1t~1J~ 3 .ffo~t1~1lJiim1:i.JmUt.J11~t.J,it1n~m'.ii-:iuurnu'.i1~1J111w'llt1~t1 

fltl'W~,Jtlfl~fi1'Ylftlff~f1 !lJ!lJ'W ~ 

,J1f1fl1'.ifff1ll1'1Jtl-:J Krawinkler (1971-1978) [18-20], Popov (1986-1989) [21-24] 

1 9J d ' .d I 'J/ cl I 9/ ,d,=s QI 

llff~-:J '\1l'\1'W11 Panel Zone 'Yl\)f1tltlf1ll1J1Jtlf.l1-:J\)f19ltl-:J l!rltl.Jf11'l'fl11Jf>Jl.Jf11'l'f1tlff'l'N'Yl~ ffllJ1'jtl'j1J 

~ ,=i ... ,r llJP 1 ll) , , "" , j) , .=i 1 j) ... 

llHliW'W'Yllf1~'1J'W !\Pllrlf.l~~m7f1 (Yield Point) ~f.J 1:i.Jff-:Jf-lrllfff.l9ltl'\Jtl9ltl f11'.i'Ylf.JtllJ '11 Panel Zone lf1~ 

~ .J' cl I 9) .C::...c:I .J'lfl ~QI 

f11'l'fl'.i1f1 (Yielding) 'IJ'W'W,Jtl'.if.Jf111f11'l'tltlf1ll1J1J ~1f.J11i Weak Panel Zone f11'l'tltlf1ll1J1J'W !\Pl'l'1Jf1U 

" 
t.Jo:i.Ji'uou1-:in1N'IJ11-:iuritiim'.i 1 ~ti'Uou1-:iu 'Yli'ttriwi-:iu~ilfl. rr.1990 1 ~t.J1~iim'.iU'.i'.i~M 1'W 

1 j) ol j) 

lJ19l'l'J1'Wf11'.itltlf1l!1J1J flHff'.i1-:J!'l1rlf1 AISC [1] ~1f.J 
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., ., 
<!I .., "' 

Roeder (1995)[25] , Chen.et.al. (1996) [26] , EL-Tawil (1998) [27] mrnn'hl1'Vl·H1:I.J~'W 

.:,!l/~ I li) 1 i!l/"" ,1, 
'lf 'Yil'tt'W11 :I.JWl'Jj1'WfiWfltlfiU1J1J AISC [1] 1:1.Jfl1'Jtl'4tyl~ 'Yi!fi~nl'Jfl'Jlfi (Yielding) '\J'W 'W Panel 

I ~ .J ~ di !II.., I !II 
Zone 'Yi:I.Jltlfl11:I.J11 Panel Zone ~~!1J'Wll1J1J Strong Panel Zone CJf-3!1J'Wnl'JtltlfiU1J1J'Vl 'lffi'Wfitl'W'Yi'Wl 

iJ 1990 mh/h~~1:1.Jn1'Jtltlnt!1J1J i~t1!:WtltJ:1.JiM1n~m'Jm1n (Yielding) i'W Panel Zone i!tJ 
., 

'Yi :I.J 7tlfl11:I.J1TW tl ·N l'W ~ 1m1~'W ~'W i 'Yi 1li .:i 'Yi :I.J~~ ~~ti.:ion~ ~CH1J~1t1m 'J m 1 n (Yielding) '\Jtl.:J 'Yitl' 1\91~ ., ., 
Cl g/ I .cl I .ct ~ I ~.cli) d dJ j} I Cl lJ} d, 

fll'W ~H1J 'J 11W '\Jtl~tll'VW.:J tl tll.:JI ~tl1 C)f,:j nl'J tl tl mm 1JI 'lf'W 'W :I.J '\Jtll ff tlfltl flll!H'W~'W !'Yi 1:1.J fl11 :1.J'J'W II H • 
i Q.I ,.I ,.ci .ct I Cl gJ ~ d3,1 I ,cl gJ1 

'W 'J ~~1J ul'W fic!Hfl.:J :I.J1 n fll'W ~~lfftl'Yiltltl tll.:J :I.J1 n Uc! ~~~lfi~'Jtl ti!!~ fi'J11'\J'W 'VI '\Jtl~ tl!ff:1.Jtl fl,:j 1!:I.J11 ~~ 
., 

\}fititimm rnm~ritifff HI rl'W mh.:i ~ 'W tin~ 1ni'.Ju.:i 'J 1:1.J ii.:i m'Jtitl nu 1J1J ~1tl'lltl~ ti'lf'W ~ i 'Yi li (New Type 
., ' 

of Connection) [8] 11.:J'U'W~'Wii.:iifo~u'WU.:Jl:Wfi'lltiff!11viuilaif~11~~tltlfill1J1J Panel Zone ~1t1ni~;,:i 
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' ... 
tJYIYI 3 

V O 14.,114 ...... < V f .. m 1 vt ~in u tJ tJ m ~ a-i m n.rn ~nJ u vi 'II a-i 'll a vi a fl l'IH m 1 ·trn n 

3.1 tJYIUl 

J 3).c:. QJ O QJ O \I) ll) QQ ti 3) I d hm 'Vl u H 1 'ii trn ~ m mu fl m 1 'Vl l>ll m 11111H111:1 fl-:J rvJ I u fl 1:1 um 91 'IJ fl -:i 'IJ fl 91 fl fl 1 u-1 mm 1:1 n 1 ~ trn ~ 
qJ 

' ' 13/il ' .c:::t. 9/ Q At:t A QJ ,d l')V 
'lf'IJfl9lfl'lfU~ Welded Unreinforced Flanges-Bolted Web '1Jfl-:Jli;1'191Urn 'Vll.111U1:l~mu~~-:i'Vllli;1'~-:J 11 

lmrn~ 21~u~uuuulum1111-:i1u1iu 1dfl-:imn~1roumm1mviuum1:1.J~t1~t1-:i'llt1-:i11uu~11:1t1-:iivJ 

I U 0i11:1.JU 1>1rl' tllJ -ilti 1.J1:l H1:l flll''Vl~ J;1'fl1Jfl1U-11;1'7m ~ tl 1 Utt' ti-:iu6~~ tlll ~ flti ~I~ II lJ lJ ~11:lfl-:J I vJ I U 0i1 

t1d QJ J J ?I d I ~ Q ,. , 3/ll] ll) .c:::t.Q ti Q 

!l.JU9l'Vl'Vll>ll\Jl'IJUU 'il~l1JUll1JlJl'V1UlJl'Vll'lfU-:11U'Vl~i;1'fllJ'ilH (Full Model) t~U 'lf 1vJ 1Ufl1:l!lJU9l'lfU~ 
jJ ' jJ I 

iwhudtiUIIUlJIINUUH (Shell Element) i'.i11tiUl'IJf111U~7-:J't1U1:11Uli;1'1111JlJ1;1'~tl (Pin Support) 

\911111-'l'W-:Jf1111ri111-:i'il~l~U~U111ruumumu 111:l~'lfU~'IJfl-:JIIH'il~l~Um-:iitiro'm (Cyclic Load) 1-'11fl 
~ ~ ~ 

111-:i1;1"~uvir1 ml.ll.J1911J1ut111'Vl~1;1't1uiu-:i1u'Um~lmy (SAC 1997) ut1n'il1nil luu'Vl'W'il~'W7t1;1'Ufl 
~ ' ~ 

fllfl11 l.JI AU 111:l~fll ;-r~~ 1-:J '1 't1'il~, oifl u tll 1 u1~1iiu II U 1J~11:ltl-:J 11 l.J 0-:1\911111-'l'W-:J 111:l ~iu ri1u ~1-:i.:i 

0 d ,Y., ,. I Q O .cl ,. 11::1 .:::I QJ .c::. d, I 

'Ufl-:JlllJlJ'il11:lfl-:J'Vl'il~ ·n U f111IJ1~ll.JUIIUU'il11:lfl-:J l'Vlfll IJWUl'VlUUtllJ H1:ltl11'Vl~i;1'fllJ'ilH 9l'-:J'il~tl1:111 

~tiiuluu'Vl~ 4 

d d QJ , .c:.. lJJ ~ .a • o 3) V o QJ , .I 
11'1J-:im1:1mrn11-:i11Hu~u 11-11 'il-:Jt1;1'l.Jt1u11~m11-:im~m~1U'IJHm~m ~-:1111;1"~-:i uiIJ 3.ltl 111:1~ 3.1 'IJ 

, .I 1fJ 'i .,.., 'i 31 cl cl di .., ,., ,., cl , d 
i;1'1U1IJ 3.lfl 111;1'~-:J l~fl~lltlnl ll.Jll.JU91~~'1Jfl-:J tflH'IJflll'IJ-:Jl'l-11:ltl ll.Jfl11JIIH~1U'IJ1-:J 'il~l'l-1U11'Vl 

qJ 

Q d, ~ ' ~ I ?I d,- t/QJ ?I ti QJ QJ 

m11rut1-:Jtl1:ll-:Jl'ffl'lfUUU -1:IH 111:l~~~tl-:Jtl1:ll-:J'lf1-:Jfl1U 'il~l1JU~~'Vl tl.Jll.JU91~~ IUU!!l'UU (~~~~tll;llJ 
~ ~ ~~ 

'Ufl-:J !l.Jll.JU\91~~) \JU'ttl.J1Ufl11l.J11 iUff1Ufl1U-l'ff191HlJ111\U'W 9l'-:J!~UlJ111tU-iJfl~fll~l'l11-:Jfl1UtllJ 
' ~ ' 

11;1'1 1;1'7l.J1H1~11:lfl-:Jj;1'fllflfl111rim-:i 111:l~l1tiu l'Uflll'U~i'-:i ,~~-:i1uvi 3. 1-:i nri111~U1;1'1U -ilti~flfllU-
qJ • 

1'ff111uuciiu !l.JllJU1>1'1Jt1-:i1'ff1~u1lJ 1dt11um-:i11Nu~u 11-11 mm1t1~11:1t1-:i~miru~m1 lrim-:i i~ 1~ulri 
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111 ~itii m~lJ l 11W ~~ m, H'lJO~ 'lf1~fll'U i ~ u~iJ ~ 1UI mi~lJ'U 1m ~rlH ~~rh1ou l 'lJ'lJO~fl11 a~ f ~1 ~'U 

111J1Jff'1fl (Pin Support) 

2Ls 

0 ,, gJ <l <l ,,j "" ., 
(fl) fl11~1~0~ tflH'lJOll'lJ~l'H~fll'W011fl11~'H 

., gJ }! 
fl1111JII H~l'Ui.11~ 

pi +-------,:::;:i::::=~. :::::::::::::::::::~:J;:J 
I 

' ' I 

2Ls 

I 

' I 

' 

' I 

, Le 

o "' .I 'l' ii <l <l 
('ll) fl11~1~0~fl111ffUlu'llO~ tflH'lJOll'lJ~l'H~fl 

~ Q.I 31 31 
111orn11H~1u'lJ1~ 

Le 
( 

1-----

'°' gJ I 
( ~) 'lJU1UlJ111W 'lJ0\110 

.d ,, gJ <l <l ,,j.,,., '""'1 
1iJV1 3.1 tflH'lJOll'lJ~l'H~fll1J01Jfl1111JIIHIIH'U~'U 'H1 .. 
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" ~ ' ' ' 3.3 'V\.Hf1\.UJtlf.JUtJtJUNU'UH (Shell Element) 

G) .q Q.I J O 11] 111 .e..e. o'.d Q.I ~ G) ,, .e. ~.e. d'.d01 ,, ?I 
l'lHl'U1'1tJ'U 111J1J'11mN rvJ l'UfHll:IJ'U\11Yl'VlWJ'Ul'IJ'U '1t 1'b''b''U~'\ltl-:J'tH'll:IJ'U\11Yl 1'b''1tl1J'Ull1J1J 

IIN'UlJl-:J (Shell Element) l~'W'l1i1-:i i'W'lf14~'\lt1-:J;fm11'Utit1t.1 (Element Types) im1ufff Nll1J1J~1,rn-:i 
' ~ ~ 

1~t1tl1 i iJ11m1t11~1t.11ti hli 'U\910~1:1J'U1>1 im11'Utit1mmu11N'U1J1-:J'lf11~il iJ1tnt1u i iJ~1t.1~~1-it1 

' ' 
(Node) ~1'U1t-! 4 ~~ 111-i1;1t~~lJ~tl1fl11:IJOff'.it (Degree of Freedom) 1vi1tiu 6 ~tl1fltl 1Jtll'.ilfl~t1'Ufi 

Off'.it (Translation) i'WVlfl'Yll-:J\111:IJll'U111tl'U x, y, z 1mti"Jri1t111'111J'Ui10"1'1t (Rotation) '.itllJ 
' ~ ~ 

11'U111n'U x, y, z 1uli 3.2 1m~-:ii'Wri1'Utit1t.111uu11N'Urn-:i 1~t.1~1'1Jt1-:iiuri1'Utit1t.111urn1N'Urn-:i '1tlJ 

'Vlfl'Yll-:Jl~t-!1J1tl \9ll:1Jtl~jjtl'IJ11 i~t.1'1~jjtl'IJ11'111J'U1111:1Ji1m'IJ~fl1~1'U~~~l>it1 11-:iiutit1 1-2-3-4 '1tl~11 

i11111mWt1'1t11ff~-:J'Vlfl'Y11-:i~1~'Uu1n 11-:iif t-1'11n1iJ 3.2 ~1~1'U1J'W'1tl~t-1vir1u1n ri1'U~1~1'UrlN'1t 

t~'Uvir11;1u 

~ I I I J Q.I .C. fl .e..e.d O .e:11 

'b''U ff1'Utltl tlll lJ lJIIN'U 1Jl-:J'U 1'11 :IJlttllJ tl111! mlt'\1111J1J 3 :IJ\11 YI m1 :IJ'\1'\.Jl '\ltl-:Jll 1J1J '111;ltl-:J :IJfll 

jJ • J! .J 'l ,. 'l j/o , ~I • 
'Utltltl11fl11:1Jff Jl-:J!mtfl11:1Jtl11:1Jltl'1 C)f-:j l'U mw ffl:IJlltl l'b''111;ltl-:JIIN'Uu tl 1mtllN'Ultl1'\ltl-:Jfll'Ulll;lt 

d 1JJ J!"" .,j .., ' jj jj 
lff11'\11;ltl 1,1~ l'Utl-:J'11tll'tt~Nl;l~-:Jtll;l11'1JN\11'U 

iu~ 3.2 ;f'Uff1'UVtltlll1J1JIINt-!1Jl-:J (Shell Element) 
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3.4 fl1liJl:riJ'W'I-Ui'lltNfl1UUt\'u (Stress) fl1Jfl11"tfl1m1 (Strain) 'llt1.:imiinifli'lum1,rh:.iuuu11urn.:i 

70 

60 

-«~ 50 .. 
"" II" 

"" s 
(:I 40 ·s ~s 
;r 
(:I 

-;:i 30 

~ 
·I 20 .. 

II" ::: 
10 

0 

0 0.5 1.5 

A111JIA'½UA(IUO.f 1'Jl141Ji') 

2 2.5 3 

nJ~ 3.3 fl11JJffJJ'W'W1i'Utl.:Jfl11l.J!fl'W (Stress) tl1Jfl11l.l!tl1tl~ (Strain) 'Utl.:J1ff~~16irium1fff1.:i 
.. q 

"'Id. QI QI "' I ii QI .cl d ~ ~ Q.I~ 

1u'VI 3.3 llff~.:Jfl11JJ'G'YJJV.'Wti1t'l111.:J fl11l.J!tl'W fl1J f111JJltlltl~ 'Utl.:Jl'l1ftflC)f.:JllJ'WtlWffJJ1J\91 
.. q 

'llt1.:i1ff~~1;;nrn11J1J~1ftt1.:i l~t1'ilt1~ui$\11thm1mli'u iimrnJ~umh 2 i1.:i 1~ui1.:imfl1ff~'iltii 

fJW ffJJ1J~t1~1'W 'lf1.:JU~'l1 ~'W (Elastic) ~.:iiiri1;i~~,n~m1JJU~'tt ~'W 'Utl.:Jfl11JJ!fl'W flt! 50 nl ftUtl'W~~io 

~ .di .cl IQ.I I Id. Q.I .cl ~.cl 

\91U1.:J'W1 l!fttJJtllfl11JJltl1tl~l'Vl1fl1J 0.1724% ff1'W'b'1.:J'Vlfftl.:J 1ff<pJ'il~JJff il1V. Stain hardening C)f.:JJJ 

. " " 
;j~~,n~m7JJlfl'WVlfl1 62 nfout1'W~~t111111.:iu1 l!fttfl1tl11l.J!tl1tl~ll11f11J 1 % fl1fl11JJffJJ'W'W'fiU 

li)il QI I d .d Q.I Id I d .d?t 
t ~ JJ l'il 1 fl ~ft fll 1 'VI~ ff ti 1J \9110 tll.:J l '11 ft fl'VI ti fl\91~ JJ 1'il1 flll~'W U fl lift tl!~'W l ti 1 'Utl .:J tl 1 'Wllft ti "1'11 '11 ft fl'VI l lJ 'W .. 

" iu.:i1'W'Vl~fft11Jiu11'0.:iuij1!~m1 w JJ'l111'Vltl7i:i't1m1.:ii'1iJi11fl'W 

3.5 m1111tte.:iu1.:im~n1u1J1Jtfll1Jiifl (U"J .:i1-t.1in1) 

fl11~1fttJ,mHl!N'W~'W 1'111~.:Jln'Wl!Hl!1J1J1{jim (Cyclic Load) n1i$(l~t1m1id1tt1tfl11 

ltlgtl'W~~uinumu1ui:i'mJWtlU-fl~1Jln'W1tl1J~ mtl11f11Jl!1J1J~7irn.:i llff~.:i~.:iiu~3.4 1~u 
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U1J1J~11:1-o~u HiQimif 11lw 1iJ11111:i.n111i1u m1Y1~ff-01J.:ff1.N1'W'\J'Wl~ h1aj mt1i9i'i'rn1H 

UH'W~'W1'1-'11 (SAC 1997) uff~~HiuiiJ~ 3.5 

~ 
t 

~ 

t 

,, 

t~ 
============i' I ......, 

xxxxxxxxx: 
I 

xxxxxxxxx: 
I 

I I 

s~-------------------------------~ 
7. 1 

5.69 

0.71 

-0.71 

-4 

-4.27 

-6 -5.69 

-7.11 
-8 i.........--------------~--~--~--~--~--~-~ 

0 10 15 20 25 30 35 40 

·rnu'll11~u.1~m:'Yhr\1hntJm1.1 

0.05 

0.04 

-0.04 

-0.05 

. ., . 
iiJvi 3.5 m ~itiim~1,rn~i;irn11Jf11'.i'l'l~ff'01J~m1'W'\J'Wl~ i'l-'lajti'.l-oi'rntHUH'W~'W 1 'l-'11 (SAC 1997) 
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0 ~ -

fr 11; ,c~ rr O 'tl)} f1 ~ H 1 ~ YI tn rfo 1J 1 vn 
\9l.Htt'lH!6U 0.!ifo~ tl.G)f~lJ~ 20131 

q 

., . 
~ ,di V -=l_l iJ t 

3.6 fJOUUJ'IJAfll'ltl~'l~'Y11Jalt1UYWll'l-nJ'l,!Ua~a,~ 

J I 9J I 

""\JJ ~ • ~ , "' ~ • "' llJ ~ "' "". I • '11flf1WYI t'Plf11:111l.J1U1:11 'U'l-11'\Jtl 3.1 '1~V11J11 l~tl'U t'\J'\Jtl~f11'HJ'PIH'Ylu1:11tltff71J'UU1:1~ 1:IH 
. ., . 

'1~1i'lwmrnnfo (Pin Support) mh1flt1 vi~'Pll?iti (Node) ul?i1:1~~'Pl'\Jt1~imY1'Utit1tJU1J1JUN'U1J1~vi 

.c::t, ... 1 ~ J::t.c.t. .c.1 .c::t, , QI ,c:1 ,::a i 'jJ o ~ lJJ ,, 'j) d dllJ 1' 
1J'H1Wummm GJf~:1J'Plmm1:wm1"J~l'Yl1fl1J 6 'Plm'U'U '1~~tl~'Yl1f11'rn'Pl (Constrain) t:IJ l'll'fll:ltl'U'YI &1>1 

., 
flff1~i'Uu'U1un'U x, y 1rn~ z d1'Uri1m1l11.J'Ui1t!'U '1~111m1ti'f'11liiiY1n'Plm1'1-11.J'U101Jun'U x u1:1~ 

,,i "' "' llJ ., ~ ... ... ., ~ •• ?I ... 
Ufl'U y IVltlm'fllJ t:IJ 'l-1tfl'Plf11'i1J'Pl'itl1JUfl'U x 111:1~ !lfl'U y !l~ 'l-1f11'il1l;j'U'itl1J!lfl'U z !lJ'Utlff'i~ !Vl'i1~ 

1ri'Um1ttff'Pl~~wm..1,j~'llt1~ffftfl~1J111wummff1li'1'U1J'Uu1:1~ci1~ t'Plmio'W1'lli~nci11mci1rl '1~iri 
., . ., 

i<tt'ti1J~'Pll?it1 (Node) 'l'Jfl~'Pll?it1'lJt1~i'Ud1'UU1J1J!lN'U1J1~viummm~1'U1J'U!t1:1~ciut1~'i~'U11J xz 

I I ~~ "" "" d o , , """" d 
3.7 fl1AH9 'YI t'tH'l,!fll'l'l.h~!l.JUJ:rnfll'l1!fl'll~'ttU'IJ'lHllatM ~ 'l,!flij!l.J'l,!l'I 

.<C:\QI J , 'j) I QI QI o' ' d .<C:\ J .d ~ d 
~1'U 1'1 tl'U '1~ ')j''fl1fl11 :IJ ff:IJVl'U 1i'i~'l-11HU 'i ~'Yl!fl'PI 'lJ 'U 'YIU 1:1 W'fl1'U !l 1:1 ~'j ~tl~f11'j I fl 1:ltl'U 'YI '\Jtl~ 

Ul:I W'fll'U I ri 'U fl1~, oifu 'j ~tiJ'U r-mu" ~'fl11 :IJ \I nl9i'o~ '\Jtl ~!l 1J1J ~ 11:1 ti~ I 'Pl ffl.J 1 :IJ 11 vivlJ tllJ ~1~ 1$1' '11 fl r-m f11 'j 
. ., 

.c::t, I V .d,, 'j/ .c::t, fJ} I QI , ~ • ~ 

'Yl'Pl fftl 1J '1 H ff1'U m1 :IJl 'fl'U 'YI 'll'Uff 'Pl~Vlq~ m rn f11'i m1 fl'\Jtl ~ '\Jtl ~tl'fll'U-lffl'U'U '1~ 'll''fl1'fl17 :IJl 'fl'U von-
t.JJ.t .c::! .<C:\ d''j/10 Q.IQJ .c:l QJ ~ 

Mises 'Yl~'U!'Ut1~'11f1:IJ1J'YIV1~'1'U!l1:1111 ff1'1-111J1ff1.jt'l-1'Utl1 (Ductile Material) 1J'i'i'Yl'Plj1'U'\Jtl~:1Jff 

(von-Mises Yield Criterion) ff71.J1Hll11'U1tJVlq~m'i:W'\Jt1~1ff1.j 1~\)f119i't1~:IJ1flf1111J'i'il1'Plj1'U m1i~ 

U1J1Jt'U''7 'Utlf1'11flif '1~i~l1'fl!~t1f'llt1~!lH (Force Vector) 1i'J'U!Ullff'Pl~ftfl'.l:IW~f11'iff~riwm~ '11fl 
. 

0 J::i,.,I 'j) I .<C:\ 'j/ I 

m ~ m ~'Yll'YI umtJ'fll'UI '\J1~1mm ~lJ 1 nw 'llt1~t1'fl1'U-1 m 

... I ~ ~ o v , cs 
3.8 fll'jlJ'j~!l.J'l,!'VU)Afl'l'll.J'U8~U'IJ'IJillaM'U8A8fll'l,!-Ufl!'ttafl 

'1~111m1u1~1iJ'Ur1q~mrn'llo~;,'01?imi'!'U 2 d1'Uflt1 r1q~mrnt1~t111:w'llt1~'llt11?it1 (Global 

Response) ~H1J1!1W~'Pll~tl:IJl?it11~'1-111~'fl1'U-lff1 (Beam-to-Column Interface Area) Uff'Pl~i~!U 3.6 

Ul:I~ r1q~mrn'llt1~tl~flU'i~flt11JVt1tl'lJtl~'llt11?it11J111W Access Hole Shear tab Panel Zone 111:l~IIN'U 

Continuity Plate Uff'Pl~i~!U~ 3.7 

370951 
23 

614. I 762 
e'621 n 
jz,~ 



Beam-to-Column Interface 

Continuity 

Access Hole 

Shear Tab 

Panel Zone 

iu~ 3. 7 U ff~-:Jtl-:JftU'J ~ f1tl1J Vtl fl'Utl-:J 'lltl ~tl fll'W-1 m~i "1/u ff ~-:J'Yit)~ f1'J 'J lJtl-:J ftU 'J ~f1tl1J Vtl fl'Utl-:J 

UUU~llltl-:J 
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V o 14 __ 114 ""'""' d 
3.9 fll'Hf1HU1J1HlU'ltl-:J &TI IUt'JijnJUfl 

' ., 
lltJtJ~1m:i-:iiii'l~i'W..:il'W111tiiH12 'lf'W~flO 11tJtJ~1"0..:im'W-ttnm~n'lJo..:i1tn9i''W1:1J'lf'W~ Welded 

o d ii e:::. e:::. , 'JJ i 
Unreinforced Flanges-Bolted Web tmtlltJtJ~l"O..:ifll'W-m'lll'mO'lJO..:iltn\91'1.J'rn'lf'W~noff'Jl..:i 'W 

U'Jt!'l'lffivw 1~m!tJtJ~1"0..:ilt-:iiro..:i~t!~'Wl!tJtJ!'Vh'lJ'Wl~~1..:i (Full Model) ~..:illff~..:ii'Wiu~ 3.8 ff1'W ., 
d I ,Q, jJ I Q.I I Q.I I d, jJ e:::,. oQ. 

'Jltl"t!Otl~\911..:i'7 \91HtJ'J!1W'lJ0\910'W'W~tll\910\91HO'W 0"11fl0 !tYl\91'1.J'rn'lf'W~ Welded Unreinforced 

Flanges-Bolted Web ~tU'JtnotJiu#i'1m!H'WUttltJ (Shear tab) tmt'W0\91 ~..:iuir~..:ii'Wiu~ 3.9 ffl'nltJ 

~ "" "" ' ~ 'l .I , i '"" ' .I °' a-J 'i 'l ~ ,,i ' m'l\91'1.J'J:IJ'lf'W~OOff'Jl..:i 'Wu'Jtl'l'lff 'l'ltl ~t :IJ:IJllP-l'WutntJ tmt'W0\91 !~tl~t 'lfnl'J!'lfO:IJ~~\910 (Node) 

'lJO-:JllH'W!01 ff1'Wfll'W!'llltltJ Node 'lJO..:illH'WUnttn 'Jltl"t!Otl~llff~..:ii'W!U~ 3.10 ml:IJll\910~1..:ion 

... I ek d..:::t I ii 1 ,Q, J4 e:::. ek d GI 'J} 1 e:::. 
u'Jtnl'J'tt'W..:i'l'l:IJ'Jt'tt11..:i'lJ0\910 2 'lf'W~'WflO tJ'J!1W Access Hole CJf..:i~t:IJ!ll'VntOtJ'lJ0\910'lf'W~ Welded 

Unreinforced Flanges-Bolted Web ul>ii~"d1wfo'llol>io~tioir!1..:ii'WU'Jtl'l'lffi'l'lt1 ff1'W'Jltl"t!Otl~ 
' ' ., 

O'W'l !'lf'W llH'W Continuity plate 1mt\9llll'ttil..:it~O:IJ'lJO..:iUnfll'WtJ'W-rlH ~~tltJUfl!tn'W'W "~n1'lWt 

<!t 0, 

!'tt:IJO'WO'W 
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I = Welded Area 

IIBAlTAB 

m 

amlffl!Lml 

d "' di iii ii o llJ llJ "'"' " "' • pJ'YI 3.911Ucl~!tlU~'YI 'l!' 'Wfl11ff11-IU1J1Hl1cltl-l 1vJ !'Wtlc!UJ'W\?'l'l!''W~ Welded Unremforced Flanges-

ii "' Bolted Web 'Utl-llffl\9'1'WUJ 

ii• d ii"> 
3.2.2 'Utl\9'1tl!'l1clf1U'lJ'lJ Thai Practice 'Utl-llffl\9'1'WUJ 

IDllllfflUI 

.1.d "' di iii ii O "' I ii i . I 1u'YI 3.1011Ucl~!tlU~'YI 'l!' 'Wfl11ff11-IU'lJ'lJ'11cltl-l'l!''W~f)tlff1N 'Wu1~l'Ylff 
" 
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uuu~1crn~ i vii 1,,1oi1u.11,,11-11m9i'tJ11J 

I I 
'b"W~ Welded Unreinforced Flanges-Bolted Web 'b''W~ntHYf 1~ i ml:itl'Vlrl'i Viti 

( ExBShlC) ( ExTShlC) 

.I"" .,l o llJ . .lllJ "'"' _..,.,31, ~ 
lul'l 3.11 !!ff~~'b'tl!!UU~lrl'eN 11"1 l'Wtli'l!lJ'W\9'1l'l 'b' 'Wfll'Jl"lf11:ll 

d .I ""i31i 31 o llJ •• tllJ "'"' _. "' 111':il~l'l 3 fflu'IJ'Wl~fll'W!!€lt!1;fll'l 'b' 'Wfll':iff':il~!!UU~lcHl~ rn l'Wtlcl!lJ'W\9'1!!cltclf11:JWt 

' " o "' o i "'i V .cl .c::I QJ 1;flflt1J'lltl~!!1J1J~lclt1~ ~tlfll'Wl'l 'l!'~tlJ'IJ'Wl~ W30x99 11e1t1m1J'll'Wl~ W14xl45 mfll'W!!e1t1m 

#t v QJ ... I ~ .Cl QJ~ 'j) QJ 

!1J'W'l1'Wl\9'1~u':it!fll'l W-flange CJf ~lJfJW fflJ1J11'11'Wl\9'1~11llJlJ111':ijl'W fll':itltlf1!!1J1J AISC/LRFD 2005 

lJmhtm1 11t1e1t1ot1~'1Jt1~fll'W11e1t1m~tmh1~t1 i iJitJul'l~ 4 i111,,1~mmu~1e1t1~~~uff~~ i 'WlU~ 

" 
3.11 i~t11!ff~~fl1llJfflJ'W'W1l~~'Wt)f)1:J';j Ex !!l'l'Wtm9i''W1lJ flf)1:J';j B !!ff~~1111'.lwffo~t1fll'W-!ffl 'b''W~ 

Welded Unreinforced Flanges-Bolted Web flf11:l':i T !!ff~~1l!~'W'lltl~tlfll'W-!1;fl 'b''W~fit1fffNi'W 

U':itl'VlrYim.1 flf)1:J';j Shl !!ff~~fft1Jirn1:1w 'lltl~fll':ii-iroi111J'W\91'b''W~:5'Wff1'W~tltl!!1J1J!!N'W1Jl~ (Shell 

QJ QJ QJ " 0 QI QJ 

Element) Uclt tlf11:l':i C Ul'l'WfftlJclf11:JWUHf1':itl'll!!1J1J1t)~f1':i (Cyclic Load) 

fll'W lffl 

ExBShlC W 30x99 W 14x145 

ExTShlC W 30x99 W 14xl45 

"'"' ... ti cl !lJ 'W 11 

Shell 

Shell 
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!!H'Wutnu 

Shear Tab 

"' lJ 

'IJ'Wl~ 

Full Model 

Full Model 

Cyclic 

Cyclic 



. ... 
1J't1't1 4 

.q !'l4_.1\4 -Cler.. d II ' .q • 

Nllfll11lfl11~'t'i !TI ll.lf>llltlUVl'Uf>Vlf>'tfU~ Welded Unremforced Flanges-Bolted Web (ExBShlC) 

4.l 1J't1Ul 

i'W'IJ'Yl,ci' 'ilt'Wllff'WtJ Hijfl111lfl11t'ttll 'IJ'IJ~lijtJ~ I vlt'Wfl~UJ'W \91'1.ltl~'llOl>iO'lfU ~ Welded 

Unreinforced Flanges-Bolted Web (ExBShlC) t~tJ'ilt1tJ1tJ'I.JlvitJmrnm11m11t'ttf1'1.JHt'lfl11'Yl~fftl'IJ 

'llol>io fll'W-l ffll 'tt ~fl'Vl~ fftl'IJ~ im 11Y1 mii mi ,-i ~11iFi11 fl'W J~ -d'11 uu~1"0~ i vli 'W fl~ll.J'W 1'1~i~'W 1i'W 

Q.I v o d o i d .ck .c1 31 Q.I 

\9lll.Jijfl'l::IW tll t'lt'lltlfll'tt'W ~'Yl 'Wllff'W tl 'W 'IJ'Vl'Vl 3 9l' ~'iltl.J'IJ'W1~'tt'W1\9l~llt'l t'IJ'W1~f111l.J E.111'1.ltl ~fll'Wll ijt 

lffl 1'111f1'1.Ji'W~1'W'Yl~fftl'IJ'il1 ~'Vlflt11tfl11 11l.JO~flW ffl.JU~l'tt~fl flW ffl.JU~u~t~~tJmmffl'IJ'Wlrnt . . . 
I ' ... I Q.I O ~ di j/ .:A j/ ,. I ,,, 

m~ 'IJ'Wl~l!H'Wutfl'IJ 'IJ'Wl~ Access Hole 'il1'W1'W'Wtl\9l'Vl 'lfl1"ttl'W'7 ~1tl ~~u1tff~fl'lltl~fl11 
I I '!JI I 

1m tJu I vi tJu ri1vi i ~ 'il 1 nHt'l m111 r111t'l1 nu ri,vi ,~ 'il 1 nHt'l m1 'Yl ~ ffou i'W ~,'W 'Vl~ffou 'il 1 ~ 1 vfo u 1ffi tJ 

' ' '!JI '!JI 

0~ f111l.Jl vi tl~\911 ~ 'IJO~ ll 'IJ'IJ ~ lt'ltl~ I vlt 'IJ fl~ll.J'IJ 1'1vi i ~'W 1,j'W 'W tl fl'il1 fl'U ~~ 'ff1 l.J1Hltlfi 1J1tl'VitJ ~m rn 
I O j/1 IQ.I Q.I 'J}Q.I 0 

\911~'7 'lltl~ll'IJ'IJ'illijtJ~'IJtl\910 l 'lf'W t'lfl11Wtfl11fl1t'il1tl111'1Jtl~m1mfl'W t'lfl11Wtfl11 mt'il1tll!Hfl1t'V11 

" . " I QI .q t::!t. I I j} I -Cit, 1..:=i O 

'il1flfl1'W~lffl l1"tt'lfl11Wtfl11fl11fl'lltl~'IJ111W 'lf'Wff1'W\91N'7 '1Jtl~'IJ0\9ltl ff ~l'ttt'll'Wffll.J11t1'W 1l.J1 . 
.q ... I ... I .c:::i. QI QI 3J I QI QI 31 1 ll')3' .do lf):91 

'Vi 'il 11 W 1u 1 t fltl'I.Jfl11 u 1tll.J'W flfltl.fl1'Vi flll1'1.Jll H'lltl~ 'IJO \910 ll t'l tt'l fl'l::l Wt fl11 'Vi~ 'lJ tl~ 'lJ tl\910 I~ 1110 I~ 

0 \fJ ll') .q~ o'd.i:::! j} I O j} d d ,,,, 'J} O t:f QI j} I 

ll 'IJ'IJ 'illt'ltl~ I vl I 'WO t'lll.J'W \9l'Yl l.Jfl11l.J\) fl\91 tl~lll.J'W tJlllij1 flffll.J11 t'l'Vl 'ilttJ 1 t~fl\91 'lfll 'IJ'IJ 'illt'ltl~'W fl'IJ 'IJO \910 

"' dc1 .,. ' iJ i . I 111 111 iJ ' 111. I 
fl1'W-lff11'ttt'lfl 'Yll.J11tJijtltltl~fl11fltlff11~ 'Wu1tl'Ylfl !'Yltl !~\910 IU 

. 
i/t .q • -=I .q u tv 

4.2 'Uf>Vlf>fllU-l«l'tfU~ Welded Unremforced Flanges-Bolted Web 't1~tff>1J't1tl't'i11't1f.Jllltul't'i~1f 

ilium.I llll~ll1J1JillllM,'W,U8~ltlU~ ExBShlC 

.I"' .I .,f "' i .I "'"'iiJi 'i iu'Yl 4.l llff~~iu11~'1.l'W1~'1fm7'W'Vl~fftl'IJ m111~11~11"t'Qufl1W'Vl 'If umrn~fftl'IJ 1~tJ 

~ ~ 'JI I d jJ .q d.e:1 .cl 

'lfm 1 'Wl 1J 'W'lltl\91 tlfll'W-1 ffll'ttij fl'lltl~l ffl\91 'W rn (Exterior Connection) 'V1 l.J11tJij tltW~ fll 1tltlflll'IJ'IJ 1rnt 

tiofff 1~1~ 'WI tJ111 l.Jl.J1\911!1'W fll 100 flll 'IJ'IJ AISC/CRFD 1994 fll'W iJm111 tll 1'il 1fltJ t'lltlfll'W \911 ~'IJ 111W 

iri11H1tJim (1ttJtm11r1~o'W~~w-'l.l11) 0~191111'ttil~~~fl"N1ff11Yi1nu 136 i1111t'ltiJmrn~~'llt1~ 

lff1'il1fl~~flij1~'1Jtl~\911ll'ttU~U~t~u'WO~ri1~1Yi1nu 144 if 1 fll'W~i ifi'W fl11'Yl~fftl1J lJ'IJ'W 1~'ttUWl~ 

1'111f11J W30x99 llt'ltlff11J'IJ'W1~m!1i~1Yi1nu W14x145 ~~l~'W'ttU191~ W-Flange \911l.J'tt'W~fftl 

m11111'W AISC 200s VJntJ1tm1 'll'W7~'ttu1i~11ff~~ 1~tlffltJHi'Wm11~~ 4.1 n11iri11H1tJim 
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" ' ' 
mtvilt11JitJHW'Vl~HH'J'I.J '1tf11t'Y111~1~t1Nlt!lfl1fl-:J tlll'W~l! H (Actuator) mt'Y11l1Ui:lltlfllt! llff~-:J 

i-:iiu 5fl'l:!Wtfll'Ji'ffllH1t)ifl-:rntl~t!,U\9111JlJ11!'JJlt!f11'.i'Vl~fffl'I.Jtl1'11t!~ !~ti SAC 1997 i-:iuff~,:j 
I 1 3/ jJ 

iu1u'i13.5 m1fl-:it111u~l!H'1tvi1mrn5fliu-:i1u'Vl~fffl1J1um-:i~1ucN1t1 '1t!O-:J'.ittlt 0.53 u1 lli:lt 
"' 

'j/ I 3J I 

H5flfl5uvirrmm-:i'IJ11'1uo-:iti1i:11J o.53 '111 iu1t1111-:i'i1H5flil !f'l1fl-:J'1tuuvim1H11fl1Jfft!fl-:J'llfl-:J 
'JJ J '9/ I I 

iu-:i1u'i11ti~;iwi1fl-:i'11flm'.i H5 fl 1rntuuvifl 1 {i u f'lfl1Jt11111fl{ 1~u ~ihi1J1t1111-:i1tt1tm-:ili H5flt11J 

l!H1ifl'I.Jfft!fl-:J'llfl-:J'li'fl~flmu-1m ~tJ-:JltJ'Vl~fffl'I.J'1t\}flH5m~u'.ifl'I.J'l 1~t1'1dhfl1J'llfl-:J'.itt1tfll'.i 
I I j/ j/ 'j/ j/ j/ j/ 

.d, .cl I QJ .c:::t. .C)i. I .c:::t. O .c:::t. .<C:I, .c:::t. 

!fli:lflt!'Vl!'Vllfl'I.J 0.71 t!1l!i:lt 1.07 t!1 fltll-:Ji:lt 6 '.ifl'I.J 1.42 t!1'11t!1t! 4 '.ifl'I.J 2.13 t!1 2.85 t!1 4.27 t!1 
SJ 'JJ I I I 3/ 'j/ 

"> "> I , I QI .cl ,:!I, .clQ.I I .c:::t, .,ei 

5.69 t!1lli:lt 7.11 t!1 fltll-:Ji:lt 2 '.ifl'I.J t!'.it'l11Nfllrni:lfl'Vl'.ittltfll'.ilfli:lflt!'Vl11-:Jl!11 1.42 t!1 tN 7.11 
3/ 1 I jl I t 

.c:r, .d, QI j/ ,:!I, .c::I .c.. 0 ' .cl .cl ,. 1.c:1 Q,' , 1/ 
t!1'1tllfll'Jffi:1'1.J~1tl'.ittltfll'.ilfli:lflt!'Vl 0.71 t!1 '11t!1t! 2 '.ifl'I.Jflflt!'Vl'1tllfll'.i!ui:ltlt!'.ittltfll'.iHi:lfl '11 

,J O .., 

m fl'llt! 11111m~1J 

" " 
'j,Jflfl'11fl'U '.ittltmrn5flitJ-:Jlt!'Vl~fffl'I.J v-:iflm1mfoitJ1itl'I.J l:jll fll'.i'ttl:jt! 'tm-:i'li'fl~fl l~tl'.i11J 

j/ I I 'JJ 
gJ Q.I .cl ,:!I d I Q.I .c:::.. gJ I .cl ,.I 

(Story Drift Angle) ~1tl~-:Jt! '.ittltfll'.ilfli:lflt!'Vll!t!1'.il'I.Jl'Vllfl'I.J 0.5 t!1 'llfl11fl'1tllfll'.i'l1l:jt!u'.itll1W 
I 9/ I iJ 

d .cl .c:r, j/ I ... I .cl .et .c:r, V ' ,,.I 
0.004 l'.il~tlt! 'Vl 0.71 t!1 '1Jfl11fl'1t'l1l:jt!u'.itll1W 0.005 l'.i!~tlt! 'Vl 1.07 t!1 '1Jfl11fl'l1l:jt!u'.itll1W 0.008 

I j/ I jl I j/ 

111~t1t! 'i, 1,42 '111'li'fl~fl'ttl:jt!U'.itmw o.01111~t1u 'ii 2.13 '1111111n1J 0.016111~t1u 'ii 2.85 '1111111n1J 
J 'JI I j/ I 9/ 

.cl .cl Q I Q.I .c:!; .cl .c:::t. I Q.I .cl d .c:::t. g) I 

0.0211'.il~tlt! 'Vl 4.27 t!1 l'Vllfl'I.J 0.032 !'.i!~tlt! 'Vl 5.69 t!1 l'Vllfl'I.J 0.042 l'Jl~tlt! l!i:lt 'Vl 7.11 t!1 '1Jfl11fl 

'1t1111u1111n1J 0.053 111~t1u ti1~1~'11flfllrn~fffl'I.J '1tt1fltl1mir!1-:iflnrJm1mf11iu111t111N UH . "' 

11fl1J iru fl -:i 'llfl-:i'li'fl ~fl tl'I.J ti1 m11 f'l~fl u ~'llfl-:JU mtimu 1 ~ t15 fl'l:l wt1 ~um 1vJ '1 tfl 5 fl'l:l wt1 ~u 1-:i'.i fl'I.J 
I I 'JI I 

0 .,:!f, .cl g} I Q.I g) ,.J,. I .cl.cl ,:!I, I 

(loop) \911 ll'11t! 1t! 'Jfl'I.J 'llfl-:J fll'J I fli:lfl tJ 'Vl 'llfl-:J 'llfl11fl i:I fl'l:!Wtli:Yt! f111TI u'.i t!fl'Vl tJ mrnm rllt11 

.c:k .ci QI .d V I Q.I "'gJ, """' , I 

Hysterysis loop 9f-:Jllff~-:JCl-:Jl'li:l-:J-:Jlt!'Vl'llfl11flffllll'.it1~~9f'I.J !~ t!f11W'Vl1-:J'Jfl'I.J'llt!l~ my '1t 

11111t1m11111ff11J l'.it1~ ~i1Jl'l 5-:i-:i1u '11 m1Nu ~u 11111 ~~ fl111-:i '.ifl'I.J ~ fl'llm~1~ fl 
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West E I ) East Reaction wall 

2 O" 

145" 

• ,, ,, • 1 

pHi 4.111ff,1-:i'llm,111'1~m1~,1i-:ii'W-n'U11V1~nn:1uvhJm1V1V1~t111'11-:i11iJium..1 

f-- b, ---4 

T±
=t, 

. . 
.cl. 3,,IQI .cl.ii 0 

m11-:i'Y1 4.1 Uff,J-:J'lJ'Ul,J'tt\Jl~,Jfll'Ull'1~1m'Yl1'll'1'Wfl1'jfff1-:i111J1J~lmN ExBShlC i -+ ~ 

cl ' t 
iln m1:1.mn lli:-l'U~.:J 

., 
' d fl11 l.Jfl 1 H mt1t11-:i mum i..t 1 fl11 lJ'tt 'Ul m1mn1 

fw bl ti 
~ ~ ~ ~ ~ 
'W1 'U1 'W1 'W1 'W1 

fll'U 29.65 0.52 10.45 0.67 136 

1m 14.75 0.68 15.5 1.09 144 

30 



. " 
'll'Wl~m11.Jt111m'WU'1~1m ·nt1'1~10t1~1•h~'l U'1~fJW ffl.JU~O'W 'l m :wo'Wnu;'W~l'W'Yl~fftlU i'W '\16 4.1 

l'.! m.h ~ m 1 

"'j.c! .cl ~ (li1 ii ,di .... , jJ ' Q.I .d 
m11u1 t11Jl'Ylt11J 1>1€1 mmnrnm1~'tt 1~ 'il1nmrnmnm1TIUH1i61Jff'Wtl~'lltl~'ll61itl 1~Y1 

U€11tlfl1'W fl1J'j~tl~f11'j!'fl~'e)'W~'IJ6~U€11tlfl1'W ~~Uff~~,'W!U~ 4.3 1ifonnwuff~~,'W!U~ 4.3 ij 2 

., ,ti ., • .I d \JJ ., "' 1li1 .. 1 \JJ "'"' ,,, ., ., . I I 

lff'W flt) lff'Wn'i1TI'VI !~'il1fif11'i1!'fl'i1~'tt !TI !'W6€l!l.J'W11 Uff~~~1tl!ff'WU€l~~~u'i~ ff1'Wl'l€lf11'i'Vl~ff61J 

'il1 ~u ff~~ ~1m i'W ir~ 'ill~ n-11 1 ~ tlfll'Vl'i 11.J'il ~'Vlu11 N'1~ 1 ~ 'illn m111 m1~tt~1t11n I vl1 'W ~iim 'W; 

1Ml'l'11mi'iflti~tl1J N€lfl1'i'Vl~ff61J 1~t1mm~iw1h~~v~ 11.i1n'W'Vlti~v~'tt~'W (Elastic) 1rlmn'W'Vltl~ 

v~'tt ~'W ufl 1 ~v~'Vl u11 N'1~ 1 ~ 'il1nm111 m 1~tt111' N'1~ m mrn ~ ~ff m1~~tl nfll'W rl1~ 'IJO ~i10 th~ 
1 j/ j/ j/ 

'Vl~ffOU{'in'll7~1'W'i01Jl12 'IJO-rn1rnifoumt1fl1'Wll11tl1J 4.27 ih 'il1ffW'W;'W~1'W'Vl~ff01J~'il~"fl1f11il~ 

(Stiffness) '1~€1-:J ~~l11111' N€lfl1'i11m7~'ttU11n~N'il7nN'1fl1'i'Vl~ff61J 0~1~ I 1~1111.J 1 mh'W'UO~tln 
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flTWU'W ~/h.iiin'll1~ ri11tt'1u1ou'Uo~mrn~n~1~uu1n 6U'o~oihhuH\Pl01Jl;t''W0~~~~~1h~mw 

120 fit mJO'W\Pl ~~ijfi11vi1t1rn-m~ tJi''illf1f11'i1lfl'il~l11! 1J1J~1'10~ 

140 ' ' ' ' ' ' ' ' ' 
120 

I I I I I > I I < I l I 
____ .. ______ ,.. _____ .. ___ --..- -----♦ ------,------+------•------ ► ------<------ ► ------< -

I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 

100 
I I I I I I I I 

____ ., ______ ._ _____ ., ______ 1.. _____ .. ____ __ , ______ ,1. _____ _, ____ _ 

I I I I I I I I 
, I I I I I I < ,-_ 

"G: 80 ;f 
~ 

' I I I I I I 
I t I I I I I 
l I I I I I I : : 1 : : : -----r-
' I I I I I 

? 60 
(t. 

~ 40 '-' 

I I I I I I ----i------r-----i------r-----1-- ~J!"~"'~rn.,,.~ 
____ ., ______ .. _____ _. ______ ._ _____ . --

' I I I 

;f ,.. 
20 G:: 

.:l ,.. 
0 (t. 

? 
-11~ ·20 ..,, 

' ' ' ' ' ' I I I I 
____ J ______ L _____ .,1 ______ 1_ ___ ----

1 I I I I 
f I , I I 

____ )_Uflft~Urul~l~ --: ____ j 
' ' ' ' ' ' ' ' ' ' ' ' -----,- -----,--- ---,---
' ' ' 

-- -----'------

--,------r-----

--,------,------
~ ' ' ' ' ' ' ;f ·40 la 

____ .. ______ ._ ____ _ _ ____ ., ______ .... ____ _ 
' ' ' ' ' ' ;::l 

·60 ·~ •••• J ______ L __ _ ' ' ' ' ' ' _ ____ L _____ J ___ __ _ L ____ _ 

' ' ' s: I I I I 

..,, 
-80 £ ----, ----- -.. -- -r·--- -----r---

, ' ' ' ' ' -- Experiment 
·100 -----.------ .. --- --.---

' ' ' ' ' ' 
' ' ' ---~ -----4- -----~ ---
' ' ' ' ' ' ' ' ' -+- ExBShlC 

·120 ' ' ' , ______ .. _____ .J ______ .. __ _ : : : : ______ ...,.. 
I I I I 

·140 

-8 -7 -6 -5 ·4 -3 -2 • 1 0 2 3 4 5 6 7 8 

• o V 

1::tJ::fll11f'laa~li'lla-3tfoltJf'll~(\ll) 

. ,, 
11.Hi 4.4 llff~~fllfl11lJ!li''W von-Mises 'IJO~l!1J1J~1'10'1 1Yit1utiuiuci1t1i'W--ll'W 'illf)f)l'j 

'Vl~ff01J~'i~tltU'11tlfll'W!fltou~1vi1tiu 4.27 if 1 'illf1f11'i'Vl~J;t'01J'Vi1J111J1!1Wl!H'W Panel Zone 'IJO~ 

i'W ~l'W 'Vl~J;t'OlJ! n~ f)l'j m1 mr°~UH'WU{l~~ 1J 1 ! 1W 'j O ti~ t)'j t'l11HU f)fll'W 1J 'WU'1tri1~ t11J'l1U 1! 1;t'1 fl! n~ 

m1ri11niumh~mn ff ~!f1\Pl lj{'il1nm1~iY'IJ11~m 11' 1n~m'i'l1~~iouoon 1rlmrit1utiu mrn1~'il1t1 . 
QI I 'JI I O I .cl QI QI O I .cl .-=:t, I 

\911'1JO-.lfllfl11lJ!fl'W von-Mises 'il~Yi1J11 m ~\911U'l1m!~tl1f1'W f11J\911U '11'W~'Vl!f1~m'im1nmn1 fllfl11lJ 
,, ,, ,, 

!~'W von-Mises 'il~ijfi1~~lJ1f1!'11'Wtl'W fioijfil\91--11!~ 50 ()~ 62 nfauO'W\Pl~0\9ll'iWW1 'W'W!!i;Y~~11 

u!nwmri1il1n~mrn11rntil1!'11'Wtl'W ihu1uu!nwtw1 'IJO~l!1J1J~1'10'1 fl'il~"fl11lJ!~'W von-Mises . ,, 
{l~UO ti{!~ IU\PlllJUtllJiYYiul;t'~~, 'W iu !!{!~, 'W 1J1~1J1!1Wijfi1tl' OtllJlf) llff~~111J1!1Wl'l1ril'W o~1 'W'l11~ 

.-=:t, QI ,:!I I 

Yif1~t1~'11~'W 
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,nmiJ~ 4.3 !H'I~ 4.4 'ffl:IJ1'.iCl1;\'liJ1k,h !11J1J~l'1tl~ 1-rl1uviiu.J'W\91iitnllJCIO~tl-H1'~ 'ffl:IJ1'.iCI 
<U q cu cu 

o 'JI , d \J] 31.c::1 ef Q.I ~ 
'Vl l'W ltlll '.i ~ \9ltl1Jff'Wtl~'ll tl~'lltl \9\tl flltJ-1 ffll '1-rnn I 1111 :IJ1 n 'W timnn'Wtl~ 'ffllJ l '.i Cl!! ff 11~'Ylt] \9101 '.i lJ fll '.i fl'.iln 

' " " 
, ~\91'.i ~ nu~ 11mtl ~VI! 011 fll'.ifl'.i 1 fl i 'W iu ~ 11.J 'Vl 11fftl1J 0~ !!~11!! lJ 'LI ~1'1tl~ I TI i tJ vii !lJtJ \91U l"'ffl:IJ1'.if:I 

lll'Wltl!l '.i ~\9lt11Jff'Wt1~'llt1~,i't11>it1 w 11'11..tilnrnu1011m1ii n,i111 i~ !!l?i!!1J1J~l'1t1~mm1m~1J1J111w 

' ' " 
vhl111~1011 m1ii fl'll111 l~\91'.i ~ f11J~l!l'l1'W~%011m1ii fl'll111'lltl~Uflfll'W111 ~ iu itJ~ltJ'Vl11fftllJ nrl11fit1 

lJ 111W U flfll tJ m ~~lll '11 'W ~ ~~11 f11J'11tl' 11 fflJ~ ~l'W 1J'W!H'l~rlH ~~ ~fltl~ll!'l'i'W ~~ l 011 fll'.iii fl'lll 11111 ~ 
' ' " 

iu mrn11fft11J 11~iiri1m1ml'i'u~ ~~11mnn11V1u111w uu ~~t1111ff'W'WflJl'W 1~11 \91H~11mtl~-wtl 111~ 

!011fll'.i{l fl'll111 ~~!~'W 1J1!1Wl~tl1f11J~l011 itJH'1fll'.i'Vl11fftllJ 
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lfl~fll'Hl'l'lfl 

High Stress Panel Zone Area (Yield Area) 

' ' ... 1..::1 ' ii O ,. I I .c:S 
iu'Yl 4.4 llff~-:Jmm11Jmu von-Mises '\Jtl-:Jll1J1Hl1ctfMExBShlC 1rn~iuirnrn1nmrn~fftl'l.J'Yl'l'~fl~ 

' ' ,, 
U"1flfll'Ulfl~tl'IJ°¥il'Yhnu 4.27 ii1 
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.c:::.. d .c:::.. d o 

4.4 tll'J11fl'il~'t'i'Wt)flfl'J'UIMfl'i1)J'Ufl.:iU'U'Uilltltl.:i ExBShlC 

i t 'j/ "'1"1 'j/ ' 0 ll] ll] QQ o'.d QI J t .:::I 'j/ ' 0 

'W'll'W\9'1'W"1'llJ1101:qu !~11 II U'l.HmHM !'W I 'W'eH'IUJ'W\91Vl'Yl\PJJ'W1'll'W'W'WlJfl1llJ\jn\910'111lJ'Wtn~ '1 

QI i A i 'j/ ~ o'd J Q o'31 , ;f o ,e1 ii 
~'1'W 'Wl 'Yl O '11n111'1ffl:l lfflJ\l 1 'i.lHJ'1'll'W Nct 01111 fl11t'tt 'UO \910'W ~ t\j nu 11 ff'W OCM n11 \9101J ff'W 0'1 'll0'1 'UO 

' " ' 
~0\911lJff fl11t~1'1"'] fl'W 11:1Ji'111~i 'Wff fl11tl1 EJ'11:u1nuvi fl~V~'tt~'W (Elastic) ~'W0'1ff fl11tlfl'Wvi fl~ 

' ' ' <!I ' i QI ' .:!!( .:!!( .:::1 .... 1 
tl~'tt ~'W (Inelastic) 'W ct m,iw t 011110! 'W 0'1'\10'1011 I fl ctO'W VI umtim 'W 

01nhff'WONct01111fl11t11 ~t'Vi1 i~t1ct1mifu~o~~~~hm '111ouff'W0'1~Uct1t1mu~ '1~~ iu 

ll~ctt10U'll0'1n71mfoi'W'Vlrl'V11'1l~tl1fl'W Uff~'1i'1lff'WviUi'W1U~ 4.5 ~~ 1-6 Uff~'1flli'W10U~1ttlt .. . 
QI~ ,;f I 'j/1.ck I 'j/ld d 

Nctnt1J'WU1n ~~1'11"1'W~tllff~'1fffl11t\9'11'1"'] 'll0'1'U0\910 GJMll\91cttfffl11t 'U0\9'10n~tlJNct011\910Uff'W0'1 

' ' " 
vi~Hfl'WOOn 1u llcttlU0'1~7nfl11lJfflJlJ1\911'll0'1 Nct\910Uff'WtM i'1'U'W;'1'V11 itt'm1u11 Nct01111fl11t11 

lt'1i'W~1'W~l~'WU1n~d'.jri11Yi1nU~l'W~l~'WctU 1rit1'1U~mfoV1rYfl'Wlfi1t!'W 

,. 1.d , 'j/ d ,e1 o .ck 

luVI 4.6 llff~'1fllfl11lJlfl'W von-Mises Vlfffl11t 1 tM 6 'll0'111UU~7ct0'1 ExBShlC GJf'1 
I I I I 

V ., • "".I <!! "" .I ., i .I"" ffO~flct0'1nUfllllH\910'1ff'W0'1Vlu"7tlfll'W Uctt1ttlt011lflctO'WVl'U0'1u"1tlfll'W ~'111ff~'1 'W1uVI 4.5 .. 
~1n1u~ 4.5 ~~~ 1 2 llctt 3 lff'Wn11'Wff'1fl'11~'Wlff'W\91H llff~'111'Ylt]~n11lJ'll0'1'\IO~Off'1otji'W'lf1'1 

" 
vin~V~'tt~'W i'1'U'Wfl1f111lJlri''W von-Mises iuiu 4.6 fffl11t 1 2 Uctt 3 m1~tflri11:u1nu 50 nict 

UO'W;~0\91111'1if 1 1rlori1u~1n11t1Uffllff~'1fl1fl11lJlri''W ~'YlU11 fll~fll'W ,~otji'W'lf1'11:Ulfl'W 50 n1ct 

" ' ' 
UO'W;~0\9111WU1~1'1 ff1'W~~ 4 5 m1t 6 iuiuvi 4.5 llff~'1otjuuri1'W'U0'1lff'Wm1vJvi1~'W!ff'W 1ri''1 

llff~'111'Ylt]~n11lJ'll0'1'\IO~OOtji'W'lf1'11fl'Wfifl~U~'tt~'W llff~'111i'WlU~ 4.6 fffl11t 4 5 Uctt 6 fl1fl11lJ 

'j/ V I I dll] 'j/ Q , Q,- ,.I o' ,el Q,- ,.I ,I I ef ,ck 
lfl'W von-Mises ~t\910'101'Wfl11!0Uff 1~tn'Wn11 50 n 1ctuO'W~~'Wt1'1 62 n rnuO'W~\9'10\9'1111'1'W1 GJf'1UOU 

.:::1.d, ll]ild,i/ 1 ii QI ~ 31 ,- ~ .d.:::11 ii 
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Stage I 
story drift=0.003 
maximum 
von-Misses stress=36.675 

Stage 3 
story drift=0.0065 
maximum 
von-Misses stress=S0.723 

Stage 5 
story drift=0.031 
maximum 
von-Misses stress=62 
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Stage 2 
story drift=0.005 
maximum 
von-Misses stress=43.45 

Stage4 
story drift=O.0 135 
maximum 
von-Misses stress=59.042 

Stage 6 
story drift=0.05 
maximum 
von-Misses stress=61.999 

nJ~ 4.611~~.:i~1m11J11i'tJ von-Mises ~~fl11~ 1-6 'IHNU1J1J~1,rn.:i ExBShlC .. 
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' ' .c:::I I 'JJ O I .c:::I .ct. O 

¥1111-:J'VI 4.2 fl1fl11J.J!ffU von-Mises ~,:i~~ll'1t¥11!l'H'U-:J'Vl!fWI fffl11t 1-6 'llt'Mll'IJ1Hl1'1tl-:J ExBShlC 

fffl11t nl 111 lJ 'U fllfl11:1J!/i''U 1>111!'11'W-:Jn11!fl~ fllfl11:IJ!fl'U 

umt1mu 91 ' 'lltl-:J'lltl¥1tl 

" (141) 

1 0.53 0.003 

2 0.71 0.005 

3 0.0065 

4 2.147 0.0135 

5 4.303 0.031 

6 7.163 0.05 
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4.5 fll':i1!fl':il:::'H'Vtqvim·n1Mfl1J':i:::fltl1.Jtltltl'lltl..'i!!tn.Hllt'ltl..'i ExBShlC 

.. u I O i··li ""'""' .. I "" <!I ""' ""' tl..'ifl 1tf1tl'I.Jtltltl'lltl-:Jll'IJ'IJ111'1tl-:J n 'Utl'1!lJ'U¥11ltf1'111tMfltl 'IJ1!1W Access Hole mnw 

l!N'U Shear Tab 'IJ1!1Wl!N'U Continuity Plate 1mtilnfll'U'IJ'U ll'1t'IJ1!1Wl!N'U Panel Zone l~tlfl1~1lt 

' ' ' 0 ~I I j) .::I ~.:::I u I 

'Ul!ff'Utl!ll 'U fl1 mrn1t11 ltl'lltl-:J fl1f111l.J!fl 'U von-Mises 'VI ff fl11t nn ! fl'1tl'U 'VI 'll'el-:J '11tlfl1'U ¥11-:J'l mn 

fffl11t 1-6 

.d ?I Q,I , 3) d .ci. d 
!U'VI 4.7 !1J'Unlrn1t111tl¥11'lltl-:Jfl1fl11:IJ!fl'U von-Mises 'Vl'IJ';il1W Access Hole 111niu11tm'U 

9/ I I 3/ 

11fllfl11l.J!fl'U~-:J~~,it1n~,iuvl 'IJ1!1WU'11tl'lltl-:J Access Hole ~1'U'Y19l~tl'IJ!!N'Uilnm'Wfi'el'U 111ntl'u 

" ' ~ ..::::t ' QI .c:t. ~ 'J/ ~I QJ 

mm1:1J1r1u~-:i~~'U11tflt1t1'7 m~111t1¥11t1t1n 2 'Vltl'Vll-:JfltJ ¥il:1Jl!'U1m1-:i'Ut1-:iunmu tm~ m~111t1¥111;1,;i 

'' 91 i 1 , 'JJ t:f d i)Q.J.c::I. 

ffff1'U!11'U'el.;i Access Hole 'UUIN'UW1fl1'U fl1fl11:IJ!fl'U i'Y-:Ji'Y~'U11~mt111t111'U!¥1l.J'l1'U1¥1~il f1fl1'U l!l;lt 
~ ~ . 

'JJ Q.I d ,Ci, ~I 'JJ Q.I ' 'JJ .di 'JJ .c:::I I .c:t. 

mt111tll.Jl'Vl1-:J~1'U'l11;1-:J'lltl-:J Access Hole 1¥1:IJ'IJ 1!1W uf1fl1'U ~l'U'HM fl1fl11:IJ! fl'U'VI ~1ltl.Jfl1!f1'U~~ 

min 'ff1'U'IJ1!1Wl!N'U!tl1fl1'U~9l~tl'I.JiJnmumumhu111'llt1-:J Access Hole ~1lt!fl~fl17J.Hli'u~-:i~~ 
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I .c::I J. I.C:. t:J/ .c::I i ~ QI 

'l'l~'J Nl'W fl11 l.J'l1 'W l'IJ'eNil flfll'W 'IJ'W ~ N1111'W U'W 'Utl ~ii flfll'W \llfl'W 'W '.itl ml~ fl'W ,:i~m~,:i 1t1mtlt1 fl 

51 51 o i ~I QI QI ... Id .d r t:J/ 
111'W'IJ1~'1'11 '11uflfl1'W'IJ111tltlfl\l1flfl'W llff11~11~lu'l'l 4.8 ~1'.il~'l'l 4.3 llff11~fl1fl11l.Jlfl'W von-Mises 

~~iy11 uft~917ll'l1ti~~1ti11r11~~iy11 ~~01u i/i',11niiJ~ 4.7 m:1.Jirm1~\Ji1~.:i ,11n 1-6 

. 
Q I t:J/ .C:. O 

m'.i7~'1'1 4.3 fl1f111l.Jlfl'W von-Mises ~~ty11 U'.il1W Access Hole 'IJ'eNllUU\llfttl~ ExBShlC 

.,j d I 51 
911ll'l1ti~fl1'.ilfl11 fl1f111l.Jlfl'W ff il11~ '.i~tl~l flfttl'W 'l'1 fl1'.i'l1 l.J'W llH fl1 fl11 l.Jl fl 'W • 

iJmt1fll'W 51 ' 'Utl~'Utl~tl ~tJUff'Wtl~ von-Mises von-Mises ff~fffl ., • ., 
(fl!ftiJtJ'W~) ('W1) (l'.il~tl'W) ~~tyfl 

1 0.53 0.003 20 36.675 

2 0.71 0.005 62 43.45 

3 1.08 0.0065 95 50.723 ifillflfl1'WU'W~11fl1J 

4 2.147 0.0135 110 59.042 iJmt1 Access Hole 

5 4.304 0.031 116 62 

6 7.158 0.05 120 61.999 
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Stage 1 
story drift=0.003 
maximum von-Misses stress=36.675 

Stage 3 
story drift=0.0065 
maximum von-Misses stress=S0.723 

Stage 5 
story drift=0.031 
maximum von-Misses stress=62 
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Stage 2 
story drift=0.005 
maximum von-Misses stress=43 .45 

Stage 4 
story drift=0.0135 
maximum von-Misses stress=59.042 

Stage 6 
story drift=0.05 
maximum von-Misses stress=61.999 
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. . " 
iiJvi 4.8 llff~ ·Hlfl'l;IWtfll'.ill\11fl'IJ0'1ilflm'I.J~1'1.J~huw vi1J111w Access Hole 'IJ0'1;'1.J'11'1.J'l'l~fftl1J 

iiJ~ 4.9 llff~'1fll'rn'.it,lltl\911'1Jtl'1t11fl111ltli''I.J von-Mises 1'1.JIIN'I.J Shear Tab ,llfl'iiJ,1ttlf tJ11 

ti1 m111t fl'I.J 'tl '1 ~~,i ttn~ ''I.J ~ ll 111J 'I.Jllc1tri 1'1~1'1.J 'IJ11flo 'IJ0'111N'I.J Shear Tab tmttrlot11fll'.i t fl~O'I.J ~ 
.d J I p .: .c::t I .d J .:A .,d I .C:.,. t/ 1 

'IJt1'111mtimtJtVm'lltJ mm111tr1tJ'tl'1~~tJ,1t11mt~11'1JtJt'.it1tJ'1 ,1tJ11miJ'.it111w 55 fl 1c1iJotJ~\110 

\111'.i1'1i11 llff~'111~1l111J'I.Jtmtri1'1'1J11flt1'1Jtl'1IIN'I.J Shear Tab ,lt!fl~fll'.ifl'.ilfl t!Vl'1l'.inm11 t~'I.J~ 

tl1fftJ1,it~'I.JOVHg'111 IIN'I.J Shear Tab 1J111w~~~n1J11tl'1tm t10~1w~wflo 1tJiiJ ,1diti1m111t1i''I.J 

~ ~ Q .d.c::t I jJ .d , I .c!i, f ~ Q.I ~ I 

von-Mises mmfl 11c1tt1J'I.J1J'.i!1W'l'l1lfll'I.Jtltl'l'l~~ 'I.JIIN'I.J Shear Tab tl.ltlfllfll'.itflcltl'I.Jm1llfl'IJ'I.J m 

~ Q .J'..i:9 , .ct , .d el , d , .d J , iJ v .d ~ li1 , Q,I ~ ..c9 
fl111lt'fl'I.J1J'.il1W'I.JMfltltl"] l.lfllt~l.l'IJ'I.J ll\11,ltt'tt'I.J11!~1l'IJ'I.Jfltl'I.J'IJH'lfl llcltt~l.l'IJ'I.J 1111llfl'I.Jfl tl.lOM 

d I I ~ , Q ef.c::t I .c::t Q,.. " I ~ ~ Q,I 

ff.fl11t'l'l 6 ~1J11 fllf1111lttl'I.J von-Mises 'I.J1J'.i!1W'I.J1lfll'tl'1~~t~tl'1 20 fl 1c1iJotJ~\1ltl\111'.il'1'1.J1 CJf'1tJ'1 

il.io'1~~fl'.ilfl'IJ0'1t'ttgfl ,llflNclfll'.i1tfl'.itl1~'1flriw,11'1~'1.J~1J11 IIN'I.J Shear Tab ;'111N'I.Jt!'I.J iiti1m111 

~ 'i d , d. I "''i . I .- , ~ ii ., G d 
tr1'1.J von-Mises 'tl'1~~ 1~mllMOQ'l'lu'.it1llW 25 fl 1c1ut1'1.J~\1ltl\111'.il'1'1.J1tlflt1'1.J1J'.i!1Wmfl"] 'l'lll1l'IJ11 

~1'1.J1J'I.Jllcltril'1 trlomtJi'.i'Jttltfll'.itfl~tl'I.J~t'viln1J 7.2 ,11 llff~'11tt'tlf'I.J11 IIN'I.J Shear Tab 01,111.iii 
. " . 

11'.it~'l'ltm~vi~~tl 1'1.Jfll'.iff '10ltlm'1t~tl'I.Jt,(,1~tm 'I.Jt)fl,llflU ,llfl'l'lt)'l;la'IJ0'1fll'I.J vinl'tt'I.J~ 1111 

' ,!j .,,1"' .J ' ' ,!j ',' ii .,,1 mu Hm O'I.J'tl '1~~fl1'.i tfl~'IJ'I.J1J'.il1W fl'1flc!HIIN'I.J Shear Tab llcltfllllHmO'I.Jff1'1.J '11\\j,lt\110'1tfl~'IJ'I.J 

, I 1 j/ I t .d Q J , ':='f I Q ti .. I 
'I.JIIN'I.J Shear Tab llcltff1'1.J'I.Jtltlt'l'll'I.J'I.J'l'l,lttfl~'IJ'I.J 'I.Juflfll'I.J ll\11,llflNclfll'.i1tfl'.ilt'tt ff1111Hlfflu 

11) ~ ii .., -=I ' ,!j ' ,!j ' , ' 11) •11) ii "' ,1 , ' 
Ne! l'Pl\11H'IJ11lfl1J'l'lt)'l;lt)'IJ0'1fll'I.J fl"11fltl fllllH!\ltl'I.Jff1'1.J 11\\j 11l 1~tfl~'IJ'I.J 'I.JIIN'I.J Shear Tab licit 
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I "I c:llq ,tq 1'"' ,l d "' .J I 'J) ,: dtq 'JI 
fll!IH!llO'WJ;J;•rt1~n !l.J !\?HO~'IJ'W'Yl1J'Jl1Wn>lmn~'IJO•mN'W Shear Tab ~1U 'W00'110'WN'1'YI !~'11nnl'J 

'Yl~ff'eJ1J~m1uY1~1;feJ1J'll'Wl~ 1Maj ~V'WU'WN'1n7'J1!fl'J1~11 i~tltiu u~u Shear Tab iim1rn@umu 

uuumnu'1~U'Yl1J,l~ l~!fl~nl'Jfl'J1n!'1 u 1rlmviuunuu!11wilnfll'W1J'W!!'1~rlH \9l'J ~1J111W ~~~Ufll'W­

!ffl Uff~~11 m'Juunuurnt~'W Shear Tab m,11n~;fu~~vrn1~ m'Jiim'Jftfflfl!~l.J!~J.J1u1i~~n 1M'mn 

J A O \ri 19/ 0 Q.I I .d ~ I 

'IJ'W !'YW'Wl 11lJ;J;'UUff1Uff1'11'J1Jn1'JUUn!!1J1JUN'W Shear Tab 'Yl!'nl.Jl~ffl.J nm1~11lu1J1JUN'W Shear Tab 

.d.c::1 ~ .C::.. , Q.I .i:!i \J} 3,1.c:t.J. J. I fJJ O I _,d -.ct. 

'Yll.Jil'J~ff'Y11iill'Vl 'Wnl'J'JUUH!llU'W !~~U~'IJ'W fllfl11l.J!fl'W von-Mises ~~ix~ U'1~\911U'nm'Ylln~1J'W 

I d .J I lq'JJ d lq'JJ, d 
UN'W Shear Tab 'Ylffil11~ 1-6 CJf~Ul'W !~'17nlil'YI 4.9 Uff~~ff11l 11 'W\9ll'J1~'YI 4.4 

.c::l I 'J/ I O 

\9ll'J1~'YI 4.4 fllfl11l.J!fl'W von-Mises ~~ix~ 1J'WUN'W Shear Tab 'IJU~U1J1J'11'1U~ ExBShlC 

.,j d I 'J) 

\911U'n'W~nl'J!fl~ fllf111l.J!fl'W ffil11~ 'J~U~!fl'1U'W'YI nl'J'nl.J'W UH fllf111l.J!fl'W • 
iJmUfll'W 

'J) I 

von-Mises Jl~ix~ 'IJU~'IJU\91U \91U1Jff'WU~ von-Mises 

" (fl1'11lU'W~) ('W1) (!'J!~U'W) ff~ff~ 
"' • 

1 0.53 0.003 20 7.024 

2 0.71 0.005 62 23.325 

I 'J) "I 

3 1.08 0.0065 95 31.75 lJ l.J1J'WU'1~'1H~1'W 'II 11 l.JU 

I 

4 2.147 0.0135 110 41.282 'IJU~UN'W Shear Tab 

5 4.304 0.031 116 45.334 

6 7.158 0.05 120 55.152 
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c:::J , ... u 
:o,.uc 
-23 __ ,,. - 3"' - :.:• 

Stage I 
story drift=0.003 
maximum 
von-Misses 
stress=?. 024 

;.s-JITa -:,_ ... 

- (~;!; : = ~t-~,, 
:. ... -'- .,: 
,::3. ll 
;a .. : 
34_ :. 

◄ • ~ J.: 
.. ,_.: 4-

1:. .'tl.l 

Stage 3 
story drift=0.0065 
maximum 
von-Misses 
stress=3 l. 75 

lillS"aT• l.Q.0 -;~:::' --c::::J 
~ -

J ... ;'S't 
_ :_ ... .. 
:-,,lOlO 
:.., .... ::. .. 
4:. :.i 
,ti . .J4'! 
n.u 
I,;:.$ .. ~ 

Stage 5 
story drift=O. 0 31 
maximum 
von-Misses 
stress=45.334 

¥a ;i().I) - :,,.-:a..:., 
.'!l.;5 
O". ,,-;: 
,. r• 
1.&Q, 
7 .... 31 
!'.' -.. .. -◄ >, ~=-~ 

◄ I.,,. .. 

Stage 2 
story drift=0.005 
maximum 
von-Misses 
stress=23 .3 25 

Stage 4 
story drift=0.0135 
maximum 
von-Misses 
stress=4 l.282 

Stage 6 
story drift=0.05 
maximum 
von-Misses 
stress=5 5 .I 52 

. . 
... 1c1 ' j/ ' .d 0 

lu'Vl 4.9 mY~·Hllfl111JlffW von-Mises lJ'Wll~'W Shear Tab 'Vlffil11~ 1-6 'Utl-:JlllJlJ1l1c'ltl-:J ExBShlC 
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• I"' "' ' !II , ' , '.:'I iu'Yl 4.10 ll'ff~-Hll'Hl'Jt,Jlt1~1fl1fl111J!fl'W von-Mises 'Wllf--l'W Continuity Plate mlt 'Wufl 

" 
fll'W1J'W~~tl1J'11u'11m i'Y1'1111J IIH'W Continuity Plate i!u fllfl111J!fl'W"J~~~iifi11htmw 55 flli'I 

" ' ' ... I o' ' .c:. Qi, .c:1.c. QI ":11 .c::1. 0.1 31 j) .c::1..c. QI ":11 ... I 
ufl'W ~ ~fl ~l'J 1~ 'W1 ~ 'J ~1J'J 11W 'Yl ~~ fl1J u flfll'W lJ'Jttlt1~ ,Jlfl'l1 'W11 'ffl~l'W 'Yl~~fl1J u flfll'W u 'J t mw 

.J d .el J.C. cfd .co 1 .c. .Jtd4 
'11'W ~ 1 'W 'ff'll fl~ 'J ttltfl111J {I fl'llfl~I m II 'ff~ ~111J'J 11W 'W 1'11 '1 fl,Jtlfl~ fll'J m 1 fl 'ff1'W 1J 'J 11W fl'W 'Yl I '11 '1 fl 'llfl~ 

" ' 
IIH'W Continuity Plate ,Jtllitn~fll'Jfl'Jlfl 'ff1'Wilflfl1'W1J'WU'W ,Jt!fl~fllfl111Jlfl'W\1~~~vi1J111w~~ 

<k !II '.:'I <k 91 ° ' .cl "' . I "' "' '.:'I 
mfli'1Hfl111Jfl11~'llfl~uflfl1'W 9f~,Jt11J'Wmll'l1'W~'Yl~Hfl1Jui'lltl'llfl~ Access Hole ~~fl1Juflf11'W1J'W 

j) .c:. I I V J I QI J! j) d j) .::I t 
~l'W f--11'11~ f11fl111J!fl'W 'W,Jtflfltl"} 'lltlltl~1flfl fl\91l'W'll1~ ,J'Wl~1Jfl111Jfl11~'llfl~iJflfl1'W Ui'lt,Jlfl'W'W ,Jt 

fl'Jt,J 1 tl9111Jl'Yl l~~l'W '11 lt'~,-.i l~flfl fl,Jl fl'l1 u' 11 m ~ ~ iili m.1 Wtfl~ 1 t1t11Jlrlfl 1J fl~ ,i 1 fl~1~1'W rl1~ 'llfl~ ii fl 
" 

fll'W fllfl111Jlfl'W"J~~~ iifi11vi1t11J 62 n1mfo'W~~flm'Jl~U1 ll'ff~~11 ilflfll'W'ff11Jl'Jtllfl~fll'Jfl'Jlfl 

,l "IP, .Q 'JI 'J) .Q -=A lJJ '.c. .c::I. .c::I. I t J ?t .:A I 'J/ 
'll'W 1\91 'W1J'Jl1Wfl1H fl11J'Jl1Wfl'W 11Jlfl~fllrnfl'lll~l'fftlflfl'W m'Wfll,JllJ'Wl'Jfl~flfl'W'lll~tllfl l'rl'Jlt 

.Q .d .Q ' 9,) I QI -==:.,- ti ' ~ d .Q .J 
1J'Jl1W'Yl!fl~f11fl111J!fl'W von-Mises 'ff~'ff~!'Yllfl1J 62 fl 1'1Ufl'W~~fl~l'Jl~'W1 'Yl1J'Jl1Wmflm~'llfl~fl1'W .. . 
.,,1, d .:k.:!!t ,d Qlt ef, .c. .c::1. lJJjJ• d, ~ 

!fl~'ll'W 'W'ff fl11t'Yl2 9f~flfl11! 'J11Jlfl ~~'W'W ~~'W'Wl,Jtlfl~fllrn fl'lll~ !~flfl'W'Ylfl1fl111Jltl'W,Jt'ff11Jl'Jfl 

Qllllj/ ~ .d I I .C. .d .d d ..ck.c::1.1 .Jt d 
mt,iwm 1~,iuo~irm1tn 6 m~11m,itm~mrn fl'lll~'YlU'Jtmw 'ff fl11t'Yl 4 CJf ~11mm1 lfli'lfl'W'Yl 

" 
'llfl~U'11tlfl1'W!'l11tl1J 3.34 U1 '111fl,rfl~fl'l11J'W IUU'Jt1J1W 0.022 l'Jl~tl'W fllfl111J!fl'W von-Mises 

O ,d.c. I .c:I .d .Ji I lq'J) d 
\1~~~ lli'lt~111'11m'Yl!fl~1J'Wl!N'W Continuity Plate lli'ltilflfl1'W1J'W'Yl'fffl11t 1-6 CJf~fll'W 1~,Jlfl!U'Yl 4.9 

ll'ff~~ir1uH1um11~~ 4.5 

m'Jl~~ 4.5 fllf1111J!fl'W von-Mises "J~~~ 1J'WIIH'W Continuity Plate 1mtilflfll'W1J'W'llfl~ll1J1J~li'lfl~ 

ExBShlC 

.,i ' ' !II O I .C. I 'J) 
"' 'fffl11t 'Jttlt! fli'lfl 'W 'Yl fll'J'111J'W m~ fl1 fl111J I fl 'W ~ 11 mm m 1 !fl~ mm 111 !flu • 

ui'11t1mu !II ' 'llfl~'llfl~fl ~ fl 1J 'ff'W fl~ von-Mises von-Mises "J~~~ 
., 

cn1i'luflu~) cu1) (!'J!~tl'W) "l~~~ 

1 0.53 0.003 20 36.675 

2 0.71 0.005 62 43.45 

3 1.08 0.0065 95 50.723 ilflfll'W 1J'W 

"' "' !II 
4 2.147 0.0135 110 59.042 ~ ~ fl1J '11 'W 11 'ffl 

5 4.304 0.031 116 62 

6 7.158 0.05 120 61.999 
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maximum 
von-Misses stress=36.675 

maximum 
von-Misses stress=S0.723 

maximum 
von-Misses stress=62 

= --

= c::J -

c.:t'"1 ... ,: 
1.:. .1.: .. 
1,. ,:: 
:) .. ,-, 
;;:4,.41,:,. 
H .,2, 
:U.C 
:J4 .. C1'S. 

,, .. ,:: 
4!.~t"' 
s:. ,:i, 

maximum 
von-Misses stress=43.45 

maximum 
von-Misses stress=59.042 

maximum 
von-Misses stress=61.999 

-
4-1:Jl 
t.,st 
: , ..... , 
:.,.u, 
2 ◄ .io1:. 
.'ll.t1H 
u.·,~ 
JI.U,J 
◄ >-•~ 

-:,~ ;, ... 
:,:..,oc 
.u.ao 
o.t:t 
"~ .. OJ 
!.t.:a;. 

:;, .... .:: 
r:·.,st 
:1 4 . ◄ ,t1 

fL)J':, ... _., 
:;:.. :.:u. ,,.,u, 

' ' ... I ,d I 9' i I ";:'I .::::.. QI 31 ,d 

iu'VI 4.10 !!iYf!-:Jmmlmfl'W von-Mises 'WUN'W Continuity Plate 1rn~uflfll'W1J'W~flfl1J'tt'WlliYl 'VI 

iYfll1~ 1-6 'UO-:JU1J1J~lmN ExBShlC 
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nJ~ 4.ll llff~-:Jfll'Hl'.i~~lt.J~1'1Jfl-:Jfllfl11:Ulli'u von-Mises lJ'l-.!IIN'l-.! Panel Zone ~1nnlfll .. .. 
~ 4 J d 4 .Ji I ..::I I 'J/ d d ..c:i, ..c:i, QI I 

fl11:IJl'fl'l-.!~-:J"!~ ~~lflfl'IJ'l-.!'1'11J'.i11Wfl-:Jflfll-:J'IJfl-:JIIN'l-.! Panel Zone IH'l~:Ufll't.!flfl'l'l"!~'l'llJ'.il1W91~fllJ IIN'l-.! 
'J) 1 .A I .A _d _d., ~ I 'j/ I 

Continuity Plate ~1'1-.! lJ't.!11 fl ~fl H 1:1.Jfl fllfll'.i I flflfl'l-.! 'l'l 'IJfl-:JiJ fllflfll'l-.!I 'Y'I :u 'IJ'l-.! fllfl11:IJI fl'l-.! ~-:J"!~~ ~flfl tl"7 

QI d, d 4 I , QI I 'J) .c:11 

'1Jfllt.J911flflfl~lflfl-:Jflfll-:J~'l-.!191:U1J'.il1WIIN'l-.! Panel Zone 'l-.!flfl'hlW~ff:U:IJ191'.i fllf111:I.Jlfl'l-.!~-:J"!~:Ufl1 

rvhn1J62 nfo11flu;9iflm'.iHil1 ~ff.f111~~ 6 llfl~ln~iun1Jlu~d1uh1aj'Ufl-:JIIN'l-.! Panel Zone 

llff~-:J11 IIN'l-.! Panel Zone d1uiimhn~m1m1n ~-:j91'.i-:jf)'IJNfl~l#i'~1flfl1'.i'l'l~fffl1Jiu-:i1u i-:itl 
" 

1dfl-:i~1n•ffo9iflfll't.!-lffl'lj~if \1flflflflll'IJ1Ji,r11Hu Panel Zone ijm1:u11~-:im-:itl'flt11rlrnvit11Jt11Jfl1l:U 

11~-:JIIH'Ufl-:Jfll'l-.! ;-:il'11i,r1n~mrn11m~'l-.!1J111Wfl1Hiu11HU Panel Zone i-:itln111n~m1m1fl~:1Jlfl 

1nuitJiu11NU Panel Zone fll~il-:JNfl#!lUfllJ9ifl'Y'lt]~fl'.irn'.i1:U'IJfl-:Jfl-:Jtlfllfl1'.i l'lr'l-.! iltym11H1.ifl-:ieyu6 

I 11) d .,. ,I,., """' 11) •• I 11) .,. .,. ., 11) I ~ d .,. ,% .,., ,., 
flfJH I '.i nm:u Nfl~lflfl1'.i11fl'.i1~'11~1fl11i I TI I '1-.!flfll:IJ'l-.!\>1 1:Uff1:IJ1'.itlllff~-:Juty'l11'1'1fll~lfl~'IJ'l-.!fllJ'IJfl 

9irndfl-:i~7flfl1'.ifl'.ilfl~:1Jlfllfi'l-.! i11'1lfl-:JIIH'l-.! Panel Zone ;-:Jfl7~9"fl-:Jl'11fl1'.i11fl'.i1~'!19ifl itJiu1i-:i~fl !~fl 

el, .Q 'J) ' d Ill] I 'j) 

m Nfl fl'.i~'l'llJ 'Ufl-:J fll'.i fl'.i 1 fl'l-.! \>lfl'Y'I t]\>1 m '.i:IJ'Ufl-:J'Ufl \>1 fl fll'l-.!-lffll'ttfl fl\>lfl I tJ fl1 fl11:IJI fl'l-.! von-Mises 
' ' ' 0 I "' .,. , I "' I 11),., • I "' I • 11/J,., 

~-:J"!~llfl~91111'11'1-.!-:J'l'llfl~ '1-.!IIN'l-.! Panel Zone 'l'lfll'l-.! !~~lfllu 4.11 'l'lff.f111~911-:J"7 ~lfl 1-6 llff~-:iffiu 11 

iU\>11'.iH~ 4.6 

911'.iH~ 4.6 fllfl11:Ulli'U von-Mises ~-:J"!~ iuUH'l-.! Panel Zone 'IJfl-:JlllJlJ~lflfl-:J ExBShlC 

.,l d I ,., 
0 I .,. I ,., 

ff.f111~ '.i~fl~lflflfl'l-.!'1'1 fl1'.i'l11J'l-.! IIH fllfl11:Ulfl'l-.! 91111'11'1-.!-:Jfll'.ilfl~ fllfl11:Ulfl'l-.! 

tJmumu 
g/ I 

'1Jfl-:J'Ufl91fl \>lfl'I.Jff'l-.!fl-:J von-Mises von-Mises ff-:Jff~ .. • 
" (nifliJflU;) ('W1) (l'.il~U'l-.!) ~-:iiy~ 

1 0.53 0.003 20 36.675 

2 0.71 0.005 62 43.45 

3 1.08 0.0065 95 50.723 flflH Panel Zone 

4 2.147 0.0135 110 59.042 

5 4.304 0.031 116 62 

6 7.158 0.05 120 61.999 
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1,. 1,: 
:-,.nc 
;:'◄ ~•·1 
2i . .,,,z_, 
,:::., 
H.c·• 

Stage 1 
story drift=0.003 
maximum 
von-Misses 
stress=36.675 

Stage 3 
story drift=0.0065 
maximum 
von-Misses 
stress=S0.723 

A.-t,:;t:4 1i: .. :1; 
. 0::. :. ,1, , .... 
:i . ., • ., 
,;i;? .. 1-"'S 
: .... ,(:! 
, •. ◄ $ n.,, .. 
' ~-: 
S.),U2 
u 

Stage 5 
story drift=0.031 

von-Misses 
stress=62 

A:lll~I ;,;,,o 
.. ~-1J'"'•H 
.. . ,i::. 
t,_C!,_t, 

L 'l.t-8,C 
:.1-.:u., 
J ◄ .. U1'!. ,,:,.,,. 
JJ., ... ,) 
lt.U.!1 
-11,.,. 

Stage 2 
story drift=0.005 
maximum 
von-Misses 
stress=43.45 

.. :;i. 
~ ..,.;:,:,.:91:,t 
,~:Ht 
:;,.:::, 
]91.t.t't 
:,.: ,r• 
>:.,o, 
.It.HJ 
◄ s..t:-t 
•: ... , 
~~.(iol:, 

Stage 4 
story drift=0.0135 
maximum 
von-Misses 
stress=59.042 

. ~.,-; 
,:"T .1-51' 
) i .'44;"' 
◄ l. Jl~ 
•• . :,.s 
""· ;.•~ ,1. ,,,. 

Stage 6 
story drift=0.05 
maximum 
von-Misses stress=61 .999 

lU~ 4.ll llff~-:ifll'fl111.ltA''W von-Mises 1uu~'U Panel Zone ~ff.fl11~ 1-6 'Utl-:!111JlJ~1,HM ExBShlC 
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5.1 lJ't'IUl 

' ... 
lJ't1't1 5 

Ntlfl111tm1:::'Yl"'1vf1'Uaat3J'U~6i'a~a,ril~fltl'tfi'H1'UU1:::t't1fl,'t1tl (ExTShlC) 

1llfl1J'l'l~ 4 ffllJl'JtlffliJi~11 lllJlJ~l,HJ-3 ivli'WVilU.J'U\91 (ExBshlC) ~iwim;l'Wt!'U ii 

ml:i.J\)flllti-3 m:i.n'Jt1vl1mui~ m1:uff1:i.n'Jt1 i'Wf11-:i1tJIIH1t]imi~~ 11€'1:::m:i.n-:it1vl1mt1VHJ~mrn 

'Utl-3'\ltil'itifll'U-lffl'b'U~ Welded Unreinforced Flanges-Bolted Web i~~ 1dt11l11t1rnvit1m11m-mm-:i 

'l'l~fftilli'U-31'U111 -3 i'W ttti-311iju~fll';i i-3t!'U 1rlml1111J1J~1€'ttl-3 i vli 'UVill:i.J'U\911 'Ulll1~ 4 lll'V11f11-:iU11J 

... ' 1 3/.ct Q.I gJ Cl.I j) I d .d I 3/ 1 . I \JJ 0 

-:i1t1€'1:::mt1~\9'1H'1 1,nmmJw:::rm1t1fltJ'IJt1\9'ltlfl1'U-1ff1m€'tfl'l'l fltlff-:il-3 'W u-:i:::l'l'lfl' 1 'Viti 1rn:::mm-:i 

11 m 1 :::Mu 1111 ~7€'tti-3d i,m~ i ~111flm-:i11 m1:::Mil 111::: 111' i,m~i flii'1 fltl-3 ti11 N€'1~ m~ 1111::: i ~111 fl m-:i 
., ' 
~ .ct.ct .ct I 'j) 1 .I 

'l'l~ ff till 'b''U '37'U 'l'l ~fftitJ 'l'l :i.J -:i 1t1€'1 :::mu~ m-:i fltiff-:i 1-3 'U u -:i :::1 'l'lfl' 

(ExTShlC) 

., ., 
111 fl m-:in11 n :u '\ltl l,jm 1'.1ti-3 li''W vl, 111' 'l'l-:i 11111 m-:i riti ff! 1-3 '\ltil'itifll'U-1 ff1u 'U 11::: i1n ~IIH'U 

' ' ,.. O ,i:!I I ~I I.C:.Q.I 'J} ~Q.I ,ct 

Shear Tab I~ t.111:::'l'l lfll';i I 'l!'tl :I.JIIN'U ltl1fl1'Utm :::u flfll'U lJ 'U "'7-3 \91~ fllJ'l1'U 11 ff1 I 1J 'U €'I fl'l:JW:::fll-:i l 'l!'tl :i.J';jt)1J 

lff'U-:itllll11'1lti-3fll'U W-Flange i-3t!'U~-3V111ttiliiim-:ii~IIH'Ultl1fll'U'V111~'U Access Hole ~1tl llff~-3 

i11tJ-:iiJ~ 2.3flrl111~t1ff-:iiJ '\lt11'it1fll'W-1mm~fli'WiJ-:i:::mr1i'l'lt111:::1~m1fl1:JW:::1~t1:u1~rnff'U-:it11J-:iiJ 
~ . ~ 

j) Q.I ,.. bJ l,::,t I 

'11'Ul\9l~fl1'U 1~tl 1:1.J:i.JIIN'U Shear Tab 1m::: Access Hole 

1tJ~ 5.1 11ff~-311u11~1fttl-3 i vlit1vil1:u'Ul>l'\ltll?it1m'U-m1'l!'u ~rit1fff 1-3 it1iJ-:i:::mr1i 'Viti 

~ <>I ~ 'JI I 'JI Q 'JI <>I .,., 'JI 
(ExTShlC) 1~tltl-3fl-31Utl'Utl\9ltl'Utl-31ff7\9l'Unl (Exterior Connection) 'IJ'Ul~'l1'Ul\9l~fll'Ull€'ttlffl'l'l 'l!' 

ff1'1111JlllJ1J~1M-3,d' ii'll'W1~1vi7ti1Jll1J1J~1€'ttl-3 ExBshl C l'.jfliJ-:i:::fll-:iffo fll'Wiim!11vi1ti1J W30x99 

1m:::1fflii'IJ'U1~'11u'1i~1vi1ti1J Wl 4xl 45 1~t1fll'Uii fl11:I.Jtl11111fl11mt1fll'U\91H1J111W 1 ffl!H1tjim 

~ .d j} ~ 0 I ~ 1 Q.1 ~ .ct ~ 
('J:::t1:::f11'Jlf1€'ttl'U'l'lcifltl-'IJ11) tl-3\91111'11'U-3fl-3fl€'11'31ffl l'l'llflll 136 'U11m::::i.Jfl11:I.J'J:-3'Utl-31ff1111flfl-3fl€'1H 

'Utl-3\91711'11'U-3V~f-3utJo-3rlH1 vi1tiu 144 -cl' 1 fll'J irim -31t)im ~11:::1~'U iiJ m:u lJl\91-:iJl'U fll'J'l'ltlfftlU 

0 ~ di d ... "' , 'JI "' 1 d I d11Jp "" ~ 0 

f11'11'U~ !~ti SAC 1997 cif-3fl11:::ll'i:i.Jtl'Ufl1Jf11'J '1111HN€'tfl 'Ull'l'l'l'l 4 fll'l'l I\Pl111flf11'J11m7:::'11111JU111€'1tl-3 

11:::tifl'Wllff'Utl 1m1fl1:Jru:::1~t11num'Jtl1m'Ut1N€'11 'WU'l'l~ 4 ~tl ri1~i~111flmrn~fft11J 11:::t1fltl1:i.n 
~ ~ 
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'ffh-1mTrhn1:wi:w-wu111~111H 11H1o1ou'ffuo-:it10-:i.ffrnh:i timhm1m~o'W~t10-:i1hnmnu i~fl'ff111 

~ 0 lJJ .. I lJJ """" ,1 ""' "' • I ~ fl11'ff1Hll1J1J111~0--l !TI t'WO~l:W'W\ol ExTShlC 11~l'tt:WO'Wf11J ExBshlC l'Jf1u1~fl11 flf1!1'W ExTShlC 

11~1iji111~'U Shear Tab 1m~1iji1'Jfo-:i Access Hole ri1ut'U"7 l'lf'W f.JW'ff:WU~'\IO--ll'tt~f1 f.JW'ff:WU~~ 
" . 

9'111111il-:i~~i'-:i 9'111mil-:in1111111H1~fm iiJ11uuuH1~fm 11~mi1outiuuuu~1~0-:i1urnrvi 4 l'Jf1 

iJ1~fl1'j 
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.q, d .q, d o 

5.3 m·n1m1~'ttvtqAfl'f'nJMfl11i1'lla-mum:mrn-3 ExTShlC 

itJ~ 5.2 llff~~f111l.J'ffl.J'W'W1i1t'l11l~IIH\9H)1Hfl...!tl~~tJirn.1rnu tl'l.J1ttltlfl~tl'W~'lltl~tJmt1 

fll'W ,nnitJ'Vl'l.J11 Hysterysis loop 'lltl~ll'l.J'l.J~lcltl~ ExTShlC i'i'll'Wl~imyn11111J'l.J~lcltl~ ExBShlC 

Q V ,,i .,. • V • I "'1 . I o' ' 11) Q • I "' 
H'lf1'Wtltlfltl l.JfllllH~tl'l.Jff'Wtl~'lltl~'lltl~~~~iy~u1tl.J1W 130 f1 ~Utl'W~ tltll~ 11nml.J iu~mlWt'lltl~ 

" 
1~rn1Ji'i~m1wt imi'iflt1~ tiu fitli'i'll'W 1~ imy1mtn1H 11ff~~11'ii't1~t1-umm101rn11 ~1~im i~~ 

'JI I I I 'JI 
.cl t:!I, .C:., I .cl .cl I I .C:., Q.I I 

'Wtlf1~1f1'W ll.Jtl'Vl~11W111H'W Panel Zone 'Ylfffl11t'YI 6 ~t'Vl'l.J11 IIH'W Panel Zone lf1~f111fl11f1mllH'W 

.,. , J! i , , Q,I .c:.,1 ... 1 fl , ~ ..J .cl Q,I 'JI Q,I 

ll~tl.Jfllfl11l.Jl'l'l'W Von-Mises 'Wff1'Wl'Yllf1'l.J 62 f1 ~utl'W~~tl~111~'W1 GJ!'~l.J~f11:!Wtfl"1tlf1'1.J 

11'1.J'l.J~l~tl~ ExBShlC 

' " ' .c:., 'j) I .cl I ~ Q.I i .... I.cl O 'j/ Q.I 

'Vlq~m11J'llt1~'llt1~t1'Ylfffl11t~1~ci ~1n 1 o~ 6 'W'W llff~~ 'Wlu'YI 5.3 f111'Wllff'Wtl~tfl~ltlf1'l.J 

0 .c:., fl O 1 d ~ ~ I d'j/ I Q,I I 

f111'Wllff'Wt1H~f11111fl11t'tt'lltl~ll'l.J'l.J~l~tl~ ExTShlC ~tlfffl11t'YI 1 t:l~ 3 ~tl1J'W'lf1~'Yl'lltl~tltl~tl~ 

imh~riti~~~'tt~'W(Elastic) ll~tfffl11t 4 ~~ 6 ~t1i'.lmh~~'ii't1~t1i'i'Vlq~mrnt1~i'W'l$1~ln'Writ1~ 

~ I I ' 'j/ i I .c:., 'j/ I I ~I 'JI ' 'JI 
tl~'ttQ'W (Inelastic) ~1f1f111tll'Wfllfl11l.Jlfl'W Von-Mises 'Wff1'W'l.J111W 'lltl~tl1~'111Huf1fll'WI 'lll~'tt'W 1 

I I I 'J/ .cl I I .C:., .dt .cl 1 d J .dt 
lffl ll~tllH'W Panel Zone ~t'Vl'l.J11 fllfl11l.Jlfl'W~tl.Jfll~~l.Jlf1f111'l.J111WtlW] lmtl.Jflll'Vll.J'll'Wl1tltl"'] 

.iA 4 d d J I 'j/ i t::), I el .cl 1 I Q,I .c:.,1 ., 
ll.Jt11ttltf1111flM'W'YltJmt1fll'Wl'Vll.J'll'W fllf111l.Jlfl'W~~iy~ 'W'l.J111Wl'l1"1'W~tl.Jflll'Yllf1'l.J 62 f1 ~tJtJ'W~ 

" ' I .C:., t:!i Q.I O .cl 1 'j/ 

~tlm1H'W11'11l.Jtl'Wf1'l.Jll'l.J'l.J~l~tl~ ExBShlC ~111~'YI 5.1 llff~~fllfl11l.Jlfl'W Von-Mises ~~iy~ ll~t 

' 0 I ,d .C:., I ~ 

~111'11'W~'Yllf1~fl1~1l.Jfffl11t~lf1 1 t:l~ 6 

m11~ 5.1 ff11.Jfllfl11l.Jlti''W von-Mises ll~t\91111'11'W~~lf1~~1l.Jfffl11t 1-6 'lltl~ll'l.J'l.J~l~tl~ ExTShlC 

.,\ d I V 0 ' "' ' fffl11t 1ttlt! fl~tl'W 'YI f111 '11 l.J 'W IIH fl1 f111 l.J I fl 'W ~111'11'W~f1111f1~ fl1 . 
tJ ~ 1tl fll 'W 

V ' 
'lltl~'lltl~tl ~tl'l.Jff'Wtl~ von-Mises fl11l.Jlfl'W von-Mises 

" 
an~tJt1u\Pl) (ih) (!11~tl'W) ff~ff~ ~~iy~ SI q 

1 0.53 0.003 20 30.318 Uf1fll'W ~~ tl1J'tttl'11ff1 

2 0.71 0.005 60 39.043 

3 1.08 0.0065 95 48.518 Panel Zone ll~t 

4 2.146 0.0135 118 57.729 ii "' "' V f1fll'W~~ f1'1.J'tt'Wllffl 

5 4.3 0.031 120 62 

6 7.157 0.05 125 62 
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Stage I 
story drift=0.003 
maximum 
von-Misses stress=30.318 

Stage 3 
story drift=0.0065 
maximum 
von-Misses stress=48.518 

Stage 5 
story drift=0.031 
maximum 
von-Misses stress=62 
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Stage 2 
story drift=0.005 
maximum 
von-Misses stress=39.043 

Stage 4 
story drift=O.0 135 
maximum 
von-Misses stress=57.729 

Stage 6 
story drift=0.05 
maximum 
von-Misses stress=62 

lU~ 5.3 !!i1'1l~fl1fflll.J!li''W von-Mises ~fffl11~ 1-6 'llfl~U1JlJ~7,reN ExTShlC 
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~ d ~ ( .. I , o 
5.4 fll111fl11~'H'Wqvit11·rnMfl1J1~flt)1.Jtltltl'Utl·Un.JtHlUltl.:.t ExTShlC 

l )/ )/ I 

IUV·HllmlUU~liHM'Wiim Access Hole 111:l~UHU Shear Tab ~.;JUUV·Hl1h~nvuumrvhi~ 

o 4 ~ I I ~f V ~ 4 ~ A QI ~ ~ ef 
UllfftJVflV U111W~~WlV1~'H11.;Juflfl1UU1:l~'HU11ffl CJf.;J,J~flVU111Wl11f.J1fllJ Access Hole CJf.;JlJ111WU 

QI A A. d I I ,-=k ~ O I d ,:!! ~ QI 9/ ~ I 

,J~f.J',jfl\}lJ!UV1'111:lfl'IJ{l.;JUHUW1flltJ{l~, CJf',J!lJU\91111'HU',JYl!'lf{llJ\911!fllJ'HUllffl, mnruUHU Continuity 

Plate 1m~ilmnuuu U1:l~U111WUHU Panel Zone i11v,i~'I.JllfftJV'fllfll1m~,iw'IJV.;Jrhm1rnli'u Von-
' ' ' A 4 A ,._f ' 

Mises Ylfffl11~fl111fl'1VUYl'IJV.;Ju1:lltlfl1U\91W'7 1llflfffl11~ 1-6 
' ' ... IA QI I 9/ A ~ , ~I O I 

lu'VI 5.4 Uff1J.;Jfl11fl1~1llf.J\911'1JV.;Jfllfl11lJ!fltJ Von-Mises 'VIU111W \9luflf11UUU \91111'11\J.;J 

A QI ,.I , QI A , QI 4 1 !P ~ ef 
111f.l1fllJ Access Hole 1llfllu'VllJ11 fllrn1~1lW\911 lJf111lJU\9lfl\91HflUflV fllfl11llll'lU€J;.;J"!11 1l~lfl1l'IJU 

~ ' d~ QI , ~I el A I ~ QI ~ , "' I 

\91HU111WUHWV1'Vl\9111fllJ \9luflfl1\J \J{)fl,Jlfl\J ,J~lJflllJlfl'IJUUl:l~m~,iw\911lJlfl'IJU UU111WUHU 

1' d.,. ., , ~I <!\ <!\ d .; ,1 <!\ , o 
W1\Pll'WlJU'Vl\911!fllJ \9luflfl1U llJV1~f.J~fl111fl1:lVU'Vl'IJV.;JflltJl'VllJ'IJU IUV.;J,Jlfl UUlJlJ,Jll:lV.;J ExBShlC 

ef. d ~ , ~ QI ,:!! o ~ QI t o,j.1, j.1 

IUV!'111:lfllJ111WUHUm1u,i~t:1fl\9111VVfl l'VlV'Vll!UU Access Hole 1J',j\J\J'Vll 'Hfllfl11lJ!fl\Jff ',jff1J 1U 
"' "' . 

" ' 
U111W'WiiiJ.lmnun drnfouuu~11:1v.;i ExBShlC 1flmvit.JU'flltllJUUU~ll:lV.;J ExTShlC 1llflilflllW~ 

" 
mrn1~,i1t1i1'1JV.;J'fllf111lJlflU'IJV.;JUlJU~11:lV.;J ExTShl C 'W {)1,JfflUi~11 fl11fl11fl{)l,J,J~ffllJlrn 

' " " 
m~,i1vi1,irnilnmu '1',J~UHUm11uu111w ii ~11tllJU flfll\J i~ u~i.;iuu.;i~{)',jfffl1:l10',J11f.J1:l~lflf.l11 

' . ' ,c:!f, ~~9) ,c:!f,"4QII QI II I QI~ 

vu "7 I 'Vl lJl\91 lJ111 fJ I 'Vl V f.J'W f.JU 11 fll 1 m ~,Jl f.J\911'\J{)',j fl11 fl 11 fl€J;UHUrn 1,J~ff .;J H'111\91V'Vl t]\91 nn lJ fl11 fl11fl 

'J) ' I V O ' d ~ .-=k I lJJ V ... 1.d lt)V, d 
'IJV.;J'IJV\91V fllf111lJ!fltJ Von-Mises €J;.;J"!1JU1:l~\9111!'11U.;J'VJ!fl11 CJf.;J{)l'W t111llfllu'VI 5 Uff1J.;J 11 U\91111.;J'VJ 

5,2 

d I j/ ,~I 0 

\9111H'VI 5.2 fllfl11lJ!flU von-Mises €J;.;J"!11 \9luflfl1UUU 'IJV.;JUUU1llmM ExTShlC 

fffl11~ 
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6 

~ d 
1~f.J~lfl'1VU'VI 

Ul:llf.Jfll\J 

" ('W1) 

0.53 

0,71 

1.08 

2.146 

4.3 

7,157 

fl11'HlJU • 
j/ I 

'IJ{)',j'IJ{)\91{) 

(111~f.JU) 

0,003 
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0.0065 
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\9)ij1Jff\Jij',j 

(nfouvu;) 

20 

60 

95 

118 

120 

125 

53 

I j/ 

fllf111lJ!flU \9111!'11'W',Jfl111f111 'fll 

von-Mises j/ ' 
fl11lJ!fltJ von-M1ses "l.;iiy11 

30.318 

39,043 

48.518 
"' ., j/ 
\9111fllJ'HU11"1'1 

57.729 

62 
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Stage I 
story drift=0.003 
maximum von-Misses stress=30.318 

Stage 3 
story drift=0.0065 
maximum von-Misses stress=48.518 

Stage 5 
story drift=0.031 
maximum von-Misses stress=62 

A..~ne 10 . 0 

- , 00 7Hi l 
_ 5.39E 

- 10, He 
- 16,lH 
- 2 1 ,568' 
- 26,9513 D 32 . 348 
c:J 37,138 
- 43 . 1213 

41!.518 

Stage 2 
story drift=0.005 
maximum von-Misses stress=39.043 

Stage 4 
story drift=0.0135% 
maximum von-Misses stress=57.729 

Stage 6 
story drift=0.05 
maximum von-Misses stress=62 

. I .d • ~ 'l ~I .d • 
lu'Vl 5.4 Ui1~-Hl1fl112.Jlfl'U von-Mises t\9luf1fll'U1J'U'Vli1fl11~ 1-6 'U{MUUU111'1tl~ ExTShlC 
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11.J~ 5.5 111;1~~mrn1~,:nt11P11'1Jt1·Hhm11mi'u Von-Mises lu11Hum1muu111w ~ ~~tiu1-1tl'1 

.I Q ' ' p "' ,1 d ' V V "' ~ "'"' d ... ~ V 
11:1'1 ,nfliu,:,~m 'U11 fl1 fl11lJ I 'f'l'U ~ ~~~,)~lfl~'IJ'U 'V1 lJ lJU 'Ullrl ~rlH~l'U CJfltllJtl CJf ~ flfltl lJl.l 'Vl\91~ flU'tt'Ul 

t , p el d ~ ~ ~ .d d ~ QI Q.I ~ 
lffl'U'Ultl~ llrl~fllfl 11 lJl'i'l'U ~ ~~~ 'U 11~1 VI lJ 'IJ'UllJtl flll I flrltl 'U 'V1 'Utl~fll'UI VI lJ'IJ'U r1 fl£1W~fl1'j m ~,i 1 tl\911 'U 

.c:::I I O .d..Q~,d I 9,/ ,:!( I 

lJfl11lJ\91H111fl IIUU111rltl~ ExBShlC 'Vllfl~'IJ'U'VllJl.lU'Ullrl~"1~~1'U'IJ11lJtl'Utl~IIN'U Shear Tab 

" ' 
'Utlfl111fl'W ,:J7flfl111.Jl~l:U'Ufl1fl17lJlti''U'Vifffl11~fl1lN~fl19h~"] 111fl 1 0~ 6 'Utl~IIUU~lrltl~ ExTShlC 

' . . 
t.c::::11 .c:::I I O .C:SQI Ql,d I QI,:!( <Id, 

VIU 111.lfllm rl tllJl fl fl11'1Jtl~II U U111rltl~ ExBSh 1 C llrl ~lJ rl fl£! W ~fl1'rnl~111tl\911'Vlll\91 fl\911~ fl'U flt! 'V1 

u! 11w11Hum 1mu ~ ~~ tiu 1-1tl' 11 m ,:,~ij fi 1m1 rn li'u 1 u 1~i u ~ mfl fl11fi1m1 rn li'u ~1 n~ tiu 

11uu~1r1t1~ ExBShl C ~\91111'tt'U~llrl~ff fl11::;m11-11J'U'Ut1~'llt11'it11~t11tiu 111~1:uu i~111m1t1uif11 ff~~ 

fi1 m1 rn li'u m,i ff11.Ji ~ 11 IIH'U m1muijiJ 1 ~ff'Vl n mw 1 u m1f um ~1~t1 u 1m ::;i;i ~ci1 t.1111 ~1 ~ t1 w 'lllff . ~ 

lffl ,~~fl11 IIH'U Shear Tab t!Ul~ ll~\9111.J fll!IHl~tl'U1:1'~1;1'~~,:ui~1n~~u111w ~~fl"1~11H'Ultl1fl1'U 
~ . 

111'i1n~~ lJ lJ u 'Ulm ::;rlH'Utl~IIH'Ultl 1~~~ tiuil flfll'U u wm ::;rl1~ II ff~~ 11fl1~ i ~~l:UI ~ 'U, ,J \911 lJ'Vl t}El li 
'Utl~fll'U ,~mifou tiufi1~!~,Jlfl11UU~lrltl~ ExBShl C i~l!'Ufll'j,l~tltlflllUUU111W iJr11t1fl1'U~~~ 

QI jJ .cl ~ d ~ ~ 1 j/ ~ l.rJ,..I I 'j) ' jJ 
flU'tt'Ullffl mrnmli'l'fl£11!VllJl\9llJ !Viti 'ttfll'jt)t)fl!IUUIU'U tutltl1~\)fl\9ltl~ fl1fl111Jlfl'U Von-Mises 

~ ~~~ Uri ~\91111 'tt 'U ~~ 1n~iu u 111\U IIH'Ultl1fl1'U 1 mi' tiu'tt tl' 11 ffl \911lJ1:1' m1::;l'i1~1 'Utl ~ II uu ~lrltl~ 

~ d 
ExTShlC llff~~~~\91111~'Vl 5.3 

. 
d I jJ I .Q QI 3/ o 

\9111H'Vl 5.3 fl1fl111Jlfl'U von-Mises ~~~~ U'UIIN'Ultl1fl1'U\9l~flU'tt'U11ffl'Utl~IIUU111rltl~ ExTShlC 

.a\ d ' V 0 ' "' ' ffm1::; l ::;t.1::;1 flrltl 'U 'V1 fll 'j 'tt lJ 'U IIH m m 1 rn flu \911111-1mm1m~ m • 
iJmt1mu V ' 'Utl~'Utl\91tl \9lt1Uff'Utl~ von-Mises fl111Jlfl'U von-Mises ~~~~ 

" 
<nfoiJt1u;) (u1) (lll~tl'U) ~~~~ 

1 0.53 0.003 20 24.951 

2 0.71 0.005 60 33.511 

' V "' ' 3 1.08 0.0065 95 50.268 lJ lJ U 'U II rl ~"1 ~ CJfl ti lJ ti 'Utl ~ !IN 'U • 
"' ~ V 

4 2.146 0.0135 118 56.886 m 1 fll 'U \91 ~ fl U 'tt 'U1 I ff1 

5 4.3 0.031 120 61.982 

6 7.157 0.05 125 62 
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Stage I 
story drift=O .3 % 
maximum 
von-Misses 
stress=24. 9 51 

Stage 3 
story drift=0.65% 
maximum 
von-Misses 
stress=S0.268 
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Stage 5 
story drift=3 .I% 

von-Misses 
stress=61.982 
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Stage 2 
story drift=0.5% 
maximum 
von-Misses 
stress=33 .5 l l 
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Stage 4 
story drift=l.35% 
maximum 
von-Misses 
stress=56. 8 86 
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Stage 6 
story drift=5% 
maximum 
von-Misses 
stress=62 

,.t..::t I 9J I ~ Q.I 3/ ,,d O 

iu'YI 5.5 ll"1'~~fllf1111Jlfl'U von-Mises 1J'Ullf,-.l'Ul01fll'U\9l~fl1J'l-'i'U11"1'1 'Yl"1'.fl11~ 1-6'1Jtl~ll1J1J~lcHl~ 
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mrn'.i~~1tl\911'1J'fl-:Jfl11:I.Jlfl'U Von-Mises lu11N'U Continuity Plate m1~luilmnu1J'U~~fl1J 

11tl'1m1mrn-:iluiu~ 5.6 ~1f11Url1J17 lmh:iwn~~~'l1~'U fll'rn'.i~~1tl\911'1J'fl-:Jfl11:I.Jlfl'U'IJ'fl-:J 

o ,d Q.J jJ QI O 4 d I }! d,d, ~I 
111J1J~11:l'fl-:J ExTShlC :1.Jl;lf1'hlW~tHl1Uf11Jl11J1J~11;l'fJ-:J ExBShlC fltl :I.Jf11f111:I.Jl'fl'U~-:J"l~'l'lf1-:Jf11;l1-:Juf1 
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Plate ihin'hlw~lmi'tf\u-:itiu l~UIIN'U Continuity Plate 'IJ'fl-:Jll1J1J~11;1v-:i ExTShlC ~~ijti1ti1m1:1.Jtfl'U 

' ' ' I I j/ 0 .4 J:=l .ct jJ 1 d 
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111J1J~11;l'fl-:J ExTShlC ijfi7ff~llff:1.J'fl~M~f111:I.Jf111-:i'IJ'fJ-:JUf1fl1'U :I.Jlf1f111fll'rn'.i~~1tl\911'1J'fl-:Jf111:I.Jlfl'U 

luil f1fll'U'IJ'fl-:Jll1J1J~11;1v-:i ExBShl c ~~~ijfi7~ -:i~~-:i nm-:i 1m~ijti1tl' vu1;1-:i~1J1t1W'IJ'fl1J'IJ'fl-:JUf1fll'U 

~1f1Hl;l'\IN~'U ~-:i nrl11v 1 ~ffi u1 t{,j7 f11'j m 1 f1'1J'fl-:JU f1fl1'U ~'j -:i 1J 111W '\It) ~'fl fll'U ~I ffl'IJ'fl-:Jll 1J 1J ~11;l'fl-:J 

ExTShl C ~~ij~f1'hlW~ff~1!ff:1.J'fl 1m~'W1~~"11 lmJ f1fl1'Uijrlq~ mm~~ f111'll'fl~'fl'lfU~ Welded 
_c!l I jJ ll') •\J] p QI Id O 1 ,d, 
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' .cl O I ,d I ' ' a jJ I ~ oC:tQI a I 91 

l'VW-:J~111'11'U-:Jl~U1 ff1'UIIN'U Continuity Plate 't'l1J111:I.J0!'1J1~ff.fl11~1f1'U't'lf1~U~'l1~'U fl11:1.J!fl'U~~ 

m ~~1tl\911flfl'U 'l1Nff ~1!ff:I.J0:I.J1f1f111111J1J~11;l 'fl-:) ExBShl C 1m~ijfi1fl11 :I.J lfl'U ff-:J ff ~:I.Jl nn111rl mfi U1J "' . 
' V 

fiffm1~1~u1nu "11l1fo1tJ1t{11 IIN'U Continuity Plate 'IJ0-:Jll1J1J~1M-:JU 'Wl~~ijtJ'.i~ff'l'lfi.fllrll'Um'.i 
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