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'B ẁv l =N `=wv= |=Q@ =yxU}=kt u}= "OvOW xU}=kt u=QyD QyW |=Q@ w u=Q}= 2800

"CU= xOW xDW=Po V}=tv x@ 3 pmW QO D w C

u}}aD '|L=Q] Ov};Qi R=e; CyH |}xRQr |=ywQ}v uOWXNWt =@ Oa@ s=o QO
'Ovm|tXNWt xR=U Q@ =Q |}xRQr w |rkF |=yQ=@ QF= |xwLv xm '|Q=PoQ=@ |=y?}mQD
x@ xOW|iQat |=yQ=@ ?}mQD FEMA450 |xt=vu}}; QO "OQ}o|t Q=Qk C} wrw= QO

95



""=yx
Owr=

W|
}xRQr

|L
=Q]

QOu
=v}t

]=|
x}W

=L|
UQQ

@

|xJN} Q=D |]NQ}e p}rLD u=mt= 'jwi pL=Qt uOQmp=@vO =@ ?}DQD u}= x@ "O@=}|tv
"OwW|t sy=Qi |WQ@ Q=w}O |=y?=k |x}rm |=Q@ |v=tR

G}=Dv |xU}=kt "6
|Dw=iDt G}=Dv x@ |]NQ}e w |]N |=yVwQ R= xO=iDU= =@ u; <=RH= w xR=U p}rLD
|]NQ}e Kr=Yt w Q=DiQ =@ xR=U |=yu=tr= |R=UpOt Qt= u}= p}rO "OW Oy=wN sDN
xR=U <=[a= \UwD |SQv= ?PH V}=Ri= 'u; Q@ xwqa "CU= |m}t=v}O p}rLD QO
^=Lr |]N |=yp}rLD QO xm CU= |r�=Ut R= |m} '|]NQ}e |xOwOLt QO
C@Uv |m}t=v}O |=yp}rLD G}=Dv xm OvwW|t Ea=@ xQ=wty pt=wa u}= "OwW|tv
MQ C}ak=w QO xm xJv; x@ w OvW=@ QD|O=YDk= w ?U=vt |m}D=DU= |=y|r}rLD x@
w =yxt=vu}}; 'Xkv u}= `iQ |=Q@ w wQ u}= R= "OvW=@ xDW=O |QDW}@ Cy=@W 'OyO|t
=@ "OvOQm O=yvW}B |]N |=yp}rLD s=Hv= |=Q@ =Q wQ}v Vy=m ?}=Q[ =yptar=QwDUO
|R=Uy@ R= pY=L G}=Dv u}vJsy w |r}rLD VwQ wO Qy R= pY=L G}=Dv |xU}=kt
|=yxt=vu}}; QO |]N VwQ G}=Dv uOw@|O=YDk=Q}e w xv=Q=mx_i=Lt '=yu=tDN=U
QO J ?} Q[ R= 'ptar=QwDUO j@=]t "CU= xOw@ OwyWt ,qt=m |R=Uy@ w |L=Q]
?} Q[ w �=yuw}U=Ovwi Ovv=t� wQ}v \UwD xOvwWpQDvm |=yu=tr= |Q=PoQ=@ ?}mQD
xOW xO=iDU= VRer w |vwoS=w u=v}t]= ?}=Q[ |x@U=Lt QO lQLt |wQ}v Vy=m
w x}=B VQ@ pt=W uw}U=Ovwi |L=Q] |=ywQ}v |xU}=kt x@ 'xt=O= QO wQ u}= R= "CU=
|]N |m}D=DU= p}rLD VwQ wO x@ VRer w |vwoS=w u=v}t]= ?}=Q[ w |L=Q] Qovr

"CU= xOW xDN=OQB |v=tR |xJN} Q=D |]NQ}e |m}t=v}O w
w VQ@ u=R}t ?}DQD x@ ?5 w hr=5 |=ypmW QO xOWx�=Q= |}xr}t |=yQ=Owtv
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R= p@k =D 100 Q=QmD O=OaD |xv}W}@ w 0 001 Tv=QwrD =@ 13 NormDispIncr

QO |}=Qosy sOa sqa= 'QwDUO u}= |=yC} Rt R= "CU= xOW xO=iDU= |}=Qosy sOa
"CU= p}rLD |xt=O= QO xikw O=H}= uwO@ ẁkw CQwY

xOW xDiQo ltm =ysD} Qwor= u}= R= |}=Qosy x@ uO}UQ |=Q@ 'Q=DWwv u}= QO
[2]%CU=

&Newton Algorithm �
&Newton Algorithm-Initial �

&Newton with Line Search Algorithm �
"Modi�ed Newton Algorithm with Initial Tangent �

C=Q}}eD w ?}W R= xO=iDU= |ovwoJ QO Qo}Om} =@ QwmPt |=ysD} Qwor= Cw=iD
Newton Algorithm with Initial Tangent QO p=Ft |=Q@ "CU= u;
Q}}eD Q=QmD R= xrLQt Qy QO ?}W Newton Algorithm hqNQ@ Modi�ed

OQwt |=y?=k |]NQ}e |m}t=v}O p}rLD QO |@=NDv= |=yOQwmQ h}] "4 pmW
"xar=]t
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CN
@QP

;=[
Q}ra

w|
�wr=v

;=v;

"Q}PBh=]av= |x}=B Cr=L QO w D l =N Q@ QkDUt |xk@] 15 ?=k |=Q@ VRer w |vwoS=w p@=kt QO u=v}t]= ?} Q[ 'x}=B Qovr 'x}=B VQ@ Q=Okt |xU}=kt "5 pmW

|m}D=DU= VwQ QO sw=kt Qovr MST w 'lQLt Qovr MOT '|v=tR |xJN} Q=D
"OvDUy |]N

|xOwr=W |L=Q] CyH lQLt Qovr Vy=m |=Q@ R=}vOQwt Q=Okt J ?} Q[
|L=Q] |=ywQ}v |=Q@ J Q}O=kt ?}DQD u}ty x@ "CU= VRer w |vwoS=w Q@=Q@ QO Q=O}=B

%OwW|t x@U=Lt 10 |x]@=Q CQwYx@ R}v |B

J = FS
FD � C1 � C2

(10)

wQ}v \UwD xOvwWpQDvm '=yxOwr=W |=Q@ |L=Q] R=}vOQwt |=yVqD xm|}=Hv; R=
QO j ?} Q[ u}}aD |=Q@ 10 |x]@=Q 'Q[=L j}kLD x@ xHwD =@ 'OwW|t ?wULt
|L=Q] |wQ}v Q=Okt FS 'u; QO xm 'CU= xOW O=yvW}B =yxOwr=W |wQ}v x@U=Lt
VwQ QO xOWx@U=Lt Q_=vDt |wQ}v Q=Okt FD w |]N |m}D=�DU= VwQ QO
|iQat u}W}B |=yVN@ QO R}v C2 w C1 |=yQDt=Q=B "OvDUy |]NQ}e |m}t=v}O
w VQ@ Q}O=kt |x@U=Lt CyH |]N VwQ QO CU= sRq T=U= u}= Q@ "Ov=xOW
xO=iDU= 10 |x]@=Q =@ j@=]t J |xOvy=m ?} Q[ R= =yuw}U=Ovwi |L=Q] Qovr

"OQm
QO C=k@] O=OaD w l =N ẁv l}miD x@ |O=yvW}B |xOvy=m ?} Q[ Q}O=kt
QO CrwyU CyH x@ "CU= xOW xO=O u=Wv 6 pmW QO Q}PBh=]av= |x}=B Cr=L
xmv}= x@ xHwD =@ "CU= xOW O=yvW}B 6 pmW =@ j@=]t R}v 11 |x]@=Q 'xO=iDU=
Q}=U |=Q@ 'Ov=xOw@ OwOLt C=k@] O=OaD ^=Lr R= VywSB u}= QO xDiQQ=mx@ |=ypOt

|R=Uy@ G}=Dv uOw@xv=Q=mx_i=Lt p}qO R= =Q J ?} Q[ sm Q=Okt w xDUv=O |UOvyt
Qovr Vy=m xm 'CU= xDW=O Q=y_= u}};Qyt u; Q@ xwqa "CU= xOQm u=wva =yxOwr=W
ptar=QwDUO x@ =DU=Q u}= QO xm CU= |O}OH ?r]t 'ROT ?} Q[ \UwD lQLt

"CU= xOW xi=[=
'ptar=QwDUO QO J ?} Q[ |xOWO=yvW}B Q}O=kt|UQQ@CyH x@ w T=U= u}= Q@
|}=y?=k |=Q@ |v=tR |xJN} Q=D |]NQ}e |m}t=v}O w |]N |m}D=DU= |=yp}rLD
Cw=iDt C=}YwYN =@ l =N ẁv 3 Q@ QkDUt 15 w 10 '6 '3 C=k@] O=OaD =@
u=wvax@ |m}t=v}O p}rLD G}=Dv w s=Hv= Q}PBh=]av= w ?rY |x}=B Cr=L wO QO
s=Hv= R= TB "CU= xOW xDiQo Q_v QO |]N p}rLD G}=Dv |@=} RQ= |=Q@ |YN=W
|=ywQ}v w 'VRer '|vwoS=w p@=kt QO u=v}t]= ?} Q[ Q}O=kt 'Q_vOQwt |=yp}rLD
"CU= xOW x@U=Lt VwQ wO Qy =@ j@=]t |L=Q] Qovr w x}=B VQ@ pt=W |B |L=Q]
x@ wQ u}= R= "CU= G}=Dv u}@ O=} R hqDN= |xOvyOu=Wv 'xDiQoCQwY |=y|UQQ@
|xOvy=m ?} Q[ |=Q@ |O}OH Q}O=kt 'VwQ wO G}=Dv u}@ j@=]D sOa Vy=m CyH
|]NQ}e VwQ QO xOt;CUOx@ Q}O=kt xm CQwY u}= x@ "CU= xOW |iQat J
Q=Okt "CU= xDiQo Q=Qk |]N VwQ QO wQ}v Vy=m ?} Q[ |x@U=Lt CyH |}=v@t
9 |x]@=Q R= VRer w |vwoS=w p@=kt QO u=v}t]= ?} Q[ |x]@=Q QO J ?} Q[

%O};|t CUOx@
J = S0F0 �MOT

MST
(9)

|]NQ}e |m}t=v}O VwQ QO xOWx@U=Lt u=v}t]= ?} Q[ Q=Okt S0F0 'u; QO xm
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}xRQr
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=Q]

QOu
=v}t

]=|
x}W

=L|
UQQ

@

"|v=tR |xJN} Q=D |]NQ}e |m}t=v}O p}rLD G}=Dv x@ xHwD =@ J ?} Q[ |xOWKqY= Q}O=kt "6 pmW

|x@U=Lt QO |O=yvW}B J ?} Q[ |=Q@ � w � |=yQDt=Q=B Q}O=kt "10 pwOH
"Q}PBh=]av= |x}=B Cr=L QO =yxOwr=W VRer u=v}t]= ?}=Q[

C=k@] O=OaD ẁv
N � 10 6 � N < 10 N < 6 l =N
�0 066 0 088 0 402 B

�0 194 �0 106 0 550 C �

0 191 �0 249 0 542 D

4 537 2 990 1 105 B

5 297 4 418 0 483 C �

0 831 5 225 0 481 D

|wQ}v |x@U=Lt QO |O=yvW}B J ?} Q[ |=Q@ � w�|=yQDt=Q=B Q}O=kt "11 pwOH
"Q}PBh=]av= |x}=B Cr=L QO =yxOwr=W |x}=B VQ@

C=k@] O=OaD ẁv
N � 10 6 � N < 10 N < 6 l =N
�0 041 0 149 0 268 B

�0 140 0 006 0 375 C �

0 186 �0 083 0 363 D

3 615 1 712 0 996 B

4 114 2 655 0 441 C �

0 300 2 988 0 313 D

"OQm xO=iDU= |]N |@=}uwQO R= u=wD|t =yu=tDN=U
J = �N + � (11)

� w � ?}=Q[ "CU= C=k@] O=OaD N w xOWKqY= ?} Q[ J '12 |x]@=Q QO
QO� x=oDN=U l =N ẁv w C=k@] O=OaD x@ =yu; Q=Okt w OvDUy |D@=F |=yQDt=Q=B
�|B |L=Q] Qovr u}}aD w |vwoS=w p@=kt QO u=v}t]= ?} Q[ |x@U=Lt Cr=L wO
p@=kt QO u=v}t]= ?} Q[ |x@U=Lt |=Q@ � w � |=yQDt=Q=B Q}O=kt "CU= xDU@=w
|L=Q] |x}=B Qovr w x}=B VQ@ |wQ}v 'VRer p@=kt QO u=v}t]= ?} Q[ '|vwoS=w

"Ov=xOW x�=Q= 12 |r= 9 |=ypwOH QO ?}DQD x@ xOwr=W

?}=Q[ |x@U=Lt QO |O=yvW}B J ?} Q[ |=Q@ � w�|=yQDt=Q=B Q}O=kt "9 pwOH
"Q}PBh=]av= |x}=B Cr=L QO =yxOwr=W |vwoS=w u=v}t]=
C=k@] O=OaD ẁv

N � 10 6 � N < 10 N < 6 l =N
0 021 �0 011 0 402 B

�0 009 0 052 0 617 C �

0 110 0 082 0 613 D

2 815 3 137 0 630 B

3 881 3 276 �0 116 C �

2 992 3 278 0 087 D
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CN
@QP

;=[
Q}ra

w|
�wr=v

;=v; X}NWD |xv}tR QO =Q |OH CqmWt |}=yxR=U u}vJ |L=Q] w p}rLD Ov};Qi QO
ẁ[wt u}= "Ovm|t O=H}= |ak=w |=ypmWQ}}eD u}vJsy w =ywQ}v `} RwD K}LY

"OwW =yxR=U Q=DiQ u}tND |xv}tR QO CUQO=v |=yCw=[k x@ QHvt Ov=wD|t
'B |=yl =N Q@ QkDUt |xk@] 15 w 10 '6 '3 |WQ@ Q=w}O |=y?=k |x}rm QO
xOWx@U=Lt Q}O=kt R=|]N|m}D=DU= p}rLD VwQ QO x}=B VQ@ |wQ}v Q}O=kt D w C

|=ywQ}v sm Vy=m "CU= QDW}@ |v=tR |xJN} Q=D |]NQ}e |m}t=v}O VwQ QO
|O=YDk=Q}e |H}=Dv x@ QHvt xR=U <=RH=C}iQ_ O=} RV}=Ri= Qo}O |v=}@ x@ w |L=Q]
xHwD =@ |]NQ}e |=yp}rLD QO xm CU= |r=L QO u}= "OwW|t |]N VwQ QO
u}vJsy w =yu=tr= |]NQ}e Q=DiQ '<=[a= u}@ |SQv= |oOvm =QB Q}F-=D uDiQoQ_vQO x@
=Q |QD|k]vt w j}kO G}=Dv '|R=UpOt QO xRQru}tR u}L QO =yu; |DNU C=Q}}eD

"CW=O Q=_Dv= u=wD|t
Qov=}@ R}v xar=]t OQwt |=y?=k |x}=B Qovr R= pY=L G}=Dv |xU}=kt
T=U=Q@ "CU= |]NQ}e VwQ =@ xU}=kt QO |]N VwQ uOw@xv=Q=mx_i=Lt
xOQt |=yQ=@ R= \ki sw=kt |wQ}v |x@U=Lt QO xmv}= ?UL Q@ 'ptar=QwDUO
x@U=Lt QO lQLt |wQ}v Q=Okt 'OW=@ Q_v Ot R}v VWm C=QF= =} OwW xO=iDU=
xO=O Vy=m ROT w J ?}=Q[ \UwD ?}DQD x@ '|vwoS=w p@=kt QO u=v}t]= ?} Q[
w |]N p}rLD |=yVwQ |=v@t Q@ QDt=Q=B u}= R= pY=L G}=Dv |xU}=kt "OwW|t
\ki Qo = xm |DQwY QO "CU= J ?} Q[ uOw@xv=Q=mx_i=Lt |xOvyOu=Wv |]NQ}e
w `]=kt V}=Ri= x@ QHvt |L=Q] 'OQ}o CQwY C=@U=Lt ?} Q[ u}= |=v@t Q@
OQwt l =N uOWQDsQv w C=k@] O=OaD QO V}=Ri= =@ "OwW|t G}=Dv uOW|O=YDk=Q}e

"OwW|t XNWt J ?} Q[ Q=Okt uOw@ Q=mx_i=Lt 'x=oDN=U QO xO=iDU=
xOWs=Hv= C=}[Qi x@ OwOLt 'xar=]t u}= QO pY=L G}=Dv xmCU= sRq QmPD u}=
|=yxR=U QO ẁ[wt u}= |UQQ@ "OvDUy xar=]t OQwt |=yxR=U uOw@s_vt p}@k R=

"OwW|t O=yvW}B |D; C=ar=]t |=Q@ s_vt=v

Qovr |x@U=Lt QO |O=yvW}B J ?} Q[ |=Q@ � w � |=yQDt=Q=B Q}O=kt "12 pwOH
"Q}PBh=]av= |x}=B Cr=L QO =yxOwr=W |x}=B

C=k@] O=OaD ẁv
N � 10 6 � N < 10 N < 6 l =N
�0 010 0 139 0 221 B

0 007 0 115 0 235 C �

0 125 0 170 0 258 D

2 655 1 160 0 671 B

2 399 1 314 0 595 C �

1 227 0 782 0 251 D

|Q}oxH}Dv "7
�|rkF |wQ}v ,=YwYNt� |L=Q] |=ywQ}v |]N p}rLD QO 'ptar=QwDUO j@=]t
u=O@ u}= "OvwW s}UkD �J � wQ}v Vy=m ?} Q[ Q@ O}=@ wQ}v \UwD xOvwWpQDvm <=[a=
=Q =yu; C}iQ_ Q=Okt '=yu=tr= Q@ OQ=w |wQ}v Vy=m |=H x@ J ?} Q[ xm CU=vat
x@ xHwD =@ "OwW |Dw=iDt G}=Dv x@ QHvt Ov=wD|t ?} Q[ u}= p=ta= "OyO|t V}=Ri=
Q}F-=D |UQQ@ 'VRer w |vwoS=w p@=kt QO xR=U |Q=O}=B QO pkF |wQ}v xHwD p@=k Q}F-=D
Q@ OQ=w |=ywQ}v w wQ}v \UwD xOvwWpQDvm |=yu=tr= C}iQ_ QO J ?} Q[ p=ta=

"Ovm|t =O}B u=OvJ wO C}ty= '=yu;
l =N VvmQOv= |xO}OB C=QF= xm OQm =aO= xvwou}= u=wD|t |rm x=ov l} QO
?w=vD u=tR V}=Ri= R= QD=Qi |aw[wt |WQ@ Q=w}O |=y?=k Q=DiQ QO xR=U � |B �
xO}OB u}= uOQm^=Lr sOa OQ=wt R= |Q=}U@ QO xm |}xvwo x@ "CU= |WvmQOv= sDU}U

=yCWwv=B
1. force reduction factor
2. response modi�cation factor
3. immediate occupancy
4. extended 3D analysis of building systems
5. open system for erathquake engineering simulation
6. basic strength deterioration
7. post-capping strength deterioration
8. acceleration reloading sti�ness deterioration
9. unloading sti�ness deterioration
10. additive load combination
11. counteractive load combination
12. strong ground motion records
13. norm displacement increment
14. linear static procedur
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