
�14
00

u=DU
tR�

'h}
QWu

=Qta
|U

Ovyt
�|W

ywSB
�'1

20
�10

5"
X

'4/
1|

xQ=t
W'

37
�2

|xQ
wO

O
ri

gi
na

lA
rt

ic
leu=mtQ}}eD Q@ |vD@t VwQ xOW KqY= \@=wQ

xOW |Ov@ Q=yt |vD@ |=y?=k
�|QDmO |wHWv=O� |v=y=Qi =v}U
�Q=}Wv=O� � |U}wN= nvWwyQ}t=

x=Wv=tQm '|R=Q x=oWv=O '|UOvyt w |vi |xOmWv=O

Q=DiQ p}rO x@ xtQ;uD@ |WtN |=y?=k xm OvyO|t u=Wv xDWPo |=yxrRrR |=yx@ QHD
u=w=Qi xO=iDU= x@ xHwD =@ "OvDUy Q}PB ?}U; Q=}U@ '?=k sm |DNU w uD@ OOQD |D=P

u}= |R=Usw=kt |=Q@ ?U=vt |Q=my=Q uDi=} 'QwWm |=yR=U w CN=U QO |vD@ |=y?=k
|=}=Rt ,=Q}N= "CU= Q}PB=v ?=vDH= 'OyO Vy=m =Q |r=tDL= CQ=UN Ov=wD@ xm sDU}U

|v=w=Qi |y=oW}=tR; C=ar=]t QO xtQ;uD@ |=y?=k QO ?=DVv=tm |=yOv@ Q=yt R= xO=iDU=
Q@ |vD@t |WwQ 'R=}v OQwt \@=wQ xaUwD =@ Ovm|t VqD xar=]t u}= "CU= xOW xDUHQ@

VwQ '=OD@= Qw_vt u}O@ "OyO x�=Q= xOW |Ov@ Q=yt |vD@ |=y?=k |L=Q] |=Q@ =Q u=mtQ}}eD
|R=UpOt Qw_vt x@ "CU= xOW xO=O xaUwD OwHwt VwQ x}=B Q@ u=mtQ}}eD Q@ |vD@t

|OOa pOt '|vD@ ?=k |]NQ}e Q=DiQ |wQ Q@ u; QF= uDiQo Q_v QO w ?=DVv=tm Ov@ Q=yt
TBU "CU= xOW xO=O xaUwD 'OwHwt |y=oW}=tR; G}=Dv =@ |}=tR; |DU=Q x}=B Q@ |]NQ}e
uDi=} xQy@ u}vJty w |]NQ}e |v=tR xJN} Q=D |=yp}rLD G}=Dv xO=iDU= =@ |O}OH \@=wQ

VwQ u}ov=}t |=]N xv}W}@ "CU= xOW O=yvW}B 'xOW KqY= |OOa Ci=}yQ l} R=
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Q=Qk xOvwW s}rUD |xDUy swU x}L=v w |r@k u=UWm x}L=v u}@ xm OwW|t xO}t=v
Lt w At ?}DQD x@ pw] w `]kt K]U CL=Ut Q}O=kt 'swO |x}L=v |=Q@ "OQ=O
xOvwW s}rUD |xDUy |x}L=v Ov@ Q=yt u=tr= VN@ u} QD |rY= "OwW|t xO}t=v
u}= "Ovm|t lryDUt =Q |}xRQr |OwQw |SQv= |Q}tN |=yVvQm ptLD =@ xm CU=

|=Q=O |vD@ ?=k |xv=owO sDU}U |}=v=wD u}vJty w |OQmrta h=Oy= pwYL QO
xaUwD 'u; u=U; |Q}PB Q}taD w |SQv= lqyDU= w ?PH QO ?=D Vv=tm Ov@ Q=yt
|=Q=O |vD@ ?=k |xv=owO sDU}U |=Q@ u=mt Q}}eD Q@ |vD@t s}kDUt |L=Q] VwQ
xQ=W= hOy u}= x@ p}v |=Q@ wQV}B Vr=J wO =Pr "CU= xOw@ ?=DVv=tm Ov@ Q=yt
u=mtQ}}eD p}iwQB |O}rm |=yQDt=Q=B |x@U=Lt |=Q@ R=}v OQwt \@=wQ xaUwD 'xOW
l} =OD@= Q[=L VywSB QO CyH u}ty x@ "CU= QwmPt sDU}U pO=at |}=Q}t w
|vD@ |=y?=k TBU "CU= xOW x�=Q= |rai u=mtQ}}eD VwQ T=U= Q@ |L=Q] VwQ
=@ C}=yv QO w |L=Q] hrDNt `=iDQ= w xUOvy `=wv= =@ ?=DVv=tm Ov@ Q=yt |=Q=O
|vD@ ?=k |xv=owO sDU}U |=Q@ xOW QmP \@=wQ |OOa |xOW xO=O xaUwD |=yVwQ
p}iwQB x]@=Q |=Q@ 'Q[=L |xar=]t QO "CU= xOW x�=Q= ?=DVv=tm Ov@ Q=yt |=Q=O
|=yxR=U QO C=a@ Qt ẁtHt VwQ u}ov=}t |=]N |xv}W}@ |O=yvW}B u=mtQ}}eD
CUO x@ |}=Q}t xU}=kt u}vJty "CU= xOt; CUO x@ OYQO 11 O=} R `=iDQ= =@
u}W}B C=ar=]t QO xOW x�=Q= \@=wQ =@ Q[=L |xar=]t QO xOW x�=Q= |x]@=Q R= xOt;
|x]@=Q xm OyO|t u=Wv |v=tR xJN} Q=D p}rLD R= xOt; CUO x@ G}=Dv u}vJty w
OQw;Q@ QO CkO xm |}=Hu; R= "OQ=O =Q pO=at |=Q}t OQw;Q@ QO |i=m CkO 'xOW x�=Q=
w QDl@U xR=U wQ u}= R= 'OwW QHvt |L=Q] x}=B VQ@ Vy=m x@ Ov=wD|t |}=Q}t

"Ci=} Oy=wN Vy=m CN=U |=yxv} Ry

|O=yvW}B u=mtQ}}eD Q@ |vD@t s}kDUt |L=Q] VwQ "2
u=mtQ}}eD Q@ |vD@t xOW xO=O xaUwD |}xRQr |L=Q] VwQ |=ys=o '|vwvm VN@ QO

%CU= xOW x�=Q= 1 pmW j@=]t w xYqN Qw] x@

O=R; xHQOl} sDU}U C=YNWt uOQw; CUO x@ "1"2
QO ?=D Vv=tm Ov@ Q=yt |=Q=O |vD@ |=y?=k |=Q@ |O=yvW}B VwQ |rY= pL=Qt
OvJ |xR=U pw= |xrLQt QO 'hr= � 1 pmW x@ xHwD =@ "OwW|t xOy=Wt 1 pmW
xm 'CU= xOW u} Ro}=H pO=at O=R; xHQOl} |xR=U l} =@ OwHwt O=R; |xHQO
QF-wt sQH ' �d hOy u=mtQ}}eD %pt=W 'pO=at O=R; |xHQOl} xR=U u}= C=YNWt
[1]"OwW|t x@U=Lt 3 =D 1 \@=wQ j} Q] R= ?}DQD x@He QF-wt `=iDQ= u}vJty wme

�d =
P
mi�i

2P
mi�i

(1)
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}}eD
Q@|

vD@t
Vw

Q|
xOW

KqY
=\

@=wQ

"?=D Vv=tm Ov@ Q=yt |rY= C=YNWt "2 pmW

"xOW |Ov@ Q=yt |vD@ ?=k |=Q@ Qvi w sQH pO=at sDU}U "3 pmW

|ki= |=DU=Q =@ Ov@ Q=yt x} w=R w xk@] `=iDQ= ?}DQD x@ � w Hj QDt=Q=B wO u}vJty
"OvwW|t h} QaD

QO xtQ;uD@ ?=k s}rUD |=xk@] u=}t u=mtQ}}eD |=Q@ 10 x]@=Q 'Qo}O hQ] R=
[2w1]"CU= xOW x�=Q= |vi C=}@O=

�y;RC = 0=5"yLb
hb

(10)

u=Wv ?}DQD x@ hb w Lb u}vJty w =yOQor}t s}rUD VvQm "y 'u; QO xm
u=mtQ}}eD uOQw; CUO x@ |=Q@ "OvDUy `]kt `=iDQ= w Q}D xv=yO pw] |xOvyO
|@v=H |=yQ=@ Q@=Q@ QO sw=kt pt=a wO |DNU ?}mQD xO}= R= xv=owO sDU}U s}rUD
\UwDt =D h}a[ COW =@ |=yxrRrR QO Ov@ Q=yt w[a xOvwW s}rUD Q=DiQ |va}
xO=iDU= 'O=} R COW =@ |=yxrRrR QO |Q}tN pY=it p}mWD sR}v=mt O=H}= w
|rm |DNU 'OwW|t xOy=Wt 3 pmW QO xm |Qw]u=ty Qw_vt u}O@ "OwW|t
sw=kt pt=a wO |DNU ?}mQD CQwY x@ u=wD|t =Q Kdual xv=owO sDU}U
x@U=Lt 11 x]@=Q j@] KBRB Ov@ Q=yt |DNU w KRC |vD@ |vwt=Q}B ?=k

"OQm
Kdual = KRC +KBRB (11)

12 x]@=Q pmW x@ 11 x]@=Q 's}rUD xOwOLt QO Kr=Yt xvwoQvi Q=DiQ R= xO=iDU= =@
"OwW|t |U} wvR=@

Vy:dual
�y:dual

= Vy:RC
�y:RC

+ Vy:BRB
�y:BRB

(12)

CQwY x@ 12 x]@=Q C}=yv QO 13 x]@=Q pmW x@ Rshear |WQ@ C@Uv h} QaD =@

QO =@ "CU= LSC w ASC ?}DQD x@ pw] w `]kt K]U CL=Ut |=Q=O x}L=v
j@=]t Lb ?=D Vv=tm Ov@ Q=yt u=tr= |rm pw] 'xOW QmP |x}L=v xU uDiQo Q_v

%OwW|t x@U=Lt 6 |x]@=Q
Lb = Lsc + 2Lt + 2Le (6)

|R=U pO=at x]@=Q R= xO=iDU= =@ ?=D Vv=tm Ov@ Q=yt pO=at |DNU u}vJty
%O};|t CUO x@ 7 x]@=Q R= ?=D Vv=tm Ov@ Q=yt x}L=v xU Qy |QU

1
Keq

= 1
Ksc

+ 2
� 1
Kt

+ 1
Ke

�
(7)

pwOt |}=yv x]@=Q 'CtUk xU Qy |=Q@ Oqwi u=Um} |v=UWm pwOt uDiQo Q_v QO =@
%OwW|t x@U=Lt 8 x]@=Q T=U= Q@ ?=DVv=tm Ov@ Q=yt u=tr= pO=at |v=UWm

Eeq = (Lsc + 2Lt + 2Le)EsAtAe
Lsc (AtAe) + 2Lt (AscAe) + 2Le (AscAt)

(8)

K]U CL=Ut w Lb |rm pw] R= u}vJty w Eeq pO=at |v=UWm pwOt R= u}=Q@=v@
"OQm xO=iDU= Ov@ Q=yt |OOa |R=UpOt QO u=wD|t ASC xOvwW s}rUD xDUy

?=D Vv=tm Ov@ Q=yt |=Q=O ?=k s}rUD |=xk@] u=}t u=mtQ}}eD Qo}O hQ] R=
%[2]O};|t CUO@ 9 x]@=Q R=

�y;BRB = 2"y=

sin 2� +

 
2�ave;b"y

Pn�i
i=1 Hj

L

!
(9)

CU= |@} Q[ w Ov@ Q=yt xDUy s}rUD VvD VvQm ?}DQD x@ 
 w "y jwi x]@=Q QO xm
"OvW=@|t 'OyO|t \=@DQ= Ov@ Q=yt |rm VvQm x@ =Q Ov@ Q=yt xDUy O=wt VvQm xm
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u=DU
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u=Qt
a|

UOv
yt R}v Vdesign xR=U |L=Q] x}=BVQ@ 'QF-wt |DNU Q=Okt uOt; CUO x@ =@ C}=yv QO

"OwW|t x@U=Lt 22 x]@=Q x@ xHwD =@
Vdesign = Ke�d (22)

w pO=at O=R; xHQOl} xR=U |L=Q] x}=BVQ@ xm |U=U= ZQi u}= uDiQo Q_v QO =@
u=mtQ}}eD QO OwHwt ?=DVv=tm Ov@ Q=yt |=Q=O xtQ;uD@ xv=owO ?=k xR=U x}=BVQ@
C=k@] |@v=H |=ywQ}v Q}O=kt 'OvQ=O |v=Um} Q}O=kt G � 1 pmW =@ j@=]t |}=yv

"O};|t CUO x@ 23 x]@=Q R= xR=U `=iDQ= QO x}=B VQ@ `} RwD =@
Fi;dual = mi�iPn

i=1 mi�i
Vdesign (23)

"O};|t CUO x@ 24 x]@=Q R= R}v s=i R=QD K]U QO xk@] VQ@
Vi;dual =

nX
i=1

Fi;dual (24)

|}xR=U |=[a= |L=Q] "5"2
?=DVv=tm Ov@ Q=yt |=yu=tr= `]=kt '24 x]@=Q R= xk@] Qy VQ@ Q}O=kt |x@U=Lt =@
|L=Q] xt=vu}}; 2016 p=U V}=Q} w =@ j@=]t "OvwW|t |L=Q] |vwvm |xrLQt QO
VWm w Q=Wi QO ?=DVv=tm u=tr= |QwLt OwHwt Ctw=kt '[23]|Oqwi |=yxR=U

%O};|t CUO x@ 25 x]@=Q R=
PSC = �fy;BRBASC (25)

xDUy R=}v OQwt `]kt K]U w Ctw=kt ?} Q[ ?}DQD x@ ASC w � 'u; QO xm
|=Q=O xtQ; uD@ xv=owO ?=k |=Q@ 'p=Ft u=wva x@ "OvwW|t h} QaD xOvwW s}rUD
'Ov@ Q=yt syU |xk@] |WQ@ |wQ}v 'Twmat uQwW pmW =@ ?=D Vv=tm Ov@ Q=yt
pm |WQ@ |wQ}v QO 13 x]@=Q ?U=vt |WQ@ C@Uv uDiQo Q_v QO R= xO=iDU= =@ xm
w Q=Wi QO =yv; R= |m} xm Ov@ Q=yt wO \UwD O}=@ 'CU= xOt; CUO x@ 24 |x]@=Q
?=DVv=tm Ov@ Q=yt QO xm |}=Hu; R= "OwW ptLD 'Ovm|t pta VWm QO |Qo}O
25 x]@=Q j@=]t =yv; Q=Okt w CU= Q@=Q@ Q=Wi w VWm QO =yOv@ Q=yt |=yC}iQ_

%O};|t CUO x@ 26 |x]@=Q 'OwW|t x@U=Lt
Vi;BRB =

Pt cos(�i) + PC cos(�i) = (�+ ��) fy;BRBASC cos(�i) (26)

R=}v OQwt CL=Ut xH}Dv QO "CU= |Q=Wi Ctw=kt KqY= ?} Q[ � u; QO xm
"OwW|t u}}aD 27 x]@=Q R= ?=DVv=tm Ov@ Q=yt xOvwW s}rUD xDUy

Ai;SC = Vi;BRB
(�+ ��) fy;BRB cos(�i)

(27)

w =yuwDU u=UWm Q=DiQ R= u=v}t]= |=Q@ C}iQ_ |=v@t Q@ |L=Q] VwQ T=U=Q@
O}=@ =[a= u}= |L=Q] |=ywQ}v 'xtQ;uD@ ?=k x@ ?=DVv=tm |=yOv@ Q=yt |=yp=YD=
x@U=Lt =yOv@ Q=yt Q=_Dv= OQwt |wQ}v |xv}W}@ uDiQo Q_v QO =@ |r}rLD T=U= Q@
|=Q@ ?}DQD x@ ?=DVv=tm |=yOv@ Q=yt C}iQ_ xv}W}@ '29 w 28 \@=wQ j@] "OwW

[23]"O};|t CUO x@ |Q=Wi w |WWm Cr=L QO s}rUD
Pt = !Ryfy:BRBASC (28)

Pc = �!Ryfy:BRBASC (29)

"O};|t QO 14 x]@=Q
Rshear = VBRB

Vdual
(13)

�y:dual = �y;RC�y;BRBHe
�y;BRB (1�Rshear) + �y;RC(Rshear)

(14)

x]@=Q j@=]t xv=owO ?=k |Q}PB pmW 'sDU}U s}rUD u=mtQ}}eD uDW=O =@ 'xt=O= QO
"OwW|t x@U=Lt 15

� = �c

�y;dual
= �c �He

�y;dual
(15)

xm CU= xR=U C}iQ_ |}xk@] u=}t |@Uv u=mtQ}}eD Q=Okt '�c QDt=Q=B u; QO xm
x@ |}xR=UQ}e w |}xR=U |=yu=tr= Q=_Dv= OQwt OQmrta K]U T=U= Q@ u; Q=Okt

[21 w 2]"O};|t CUO

pO=at sDU}U pO=at RwmU} w |}=Q}t x@U=Lt "3"2
sDU}U pO=at RwmU} w |}=Q}t C@Uv |x@U=Lt |=Q@ ?}DQD x@ 17 w 16 \@=wQ
x�=Q= �eq;BRB ?=DVv=tm Ov@ Q=yt |=Q=O ?=k u}vJty w �eq;RC xtQ;uD@ ?=k

[2 w1]"Ov=xOW
�eq;RC = 0=05 + 0=565

�
�� 1
��

�
(16)

�eq;BRB = 0=05 + 0=519
�
�� 1
��

�
(17)

u=wD|t xv=owO |=ysDU}U |=Q@ CU= xOW O=yvW}B [1]'�2007� |rDU} QB Q=DWwv QO
|=Q}t 18 x]@=Q R= sDU}U |vRw u}ov=}t w ?=k Qy syU VQ@ C@Uv R= xO=iDU= =@

"OQw; CUO x@ =Q pO=at RwmU} w
�eq;dual = �eq;RCVRC + �eq;BRBVBRB

VRC + VBRB
(18)

C=k@] |@v=H |=ywQ}v w |L=Q] x}=B VQ@ x@U=Lt "4"2
u=UWmQ}e u=mtQ}}eD h}] 'OwW|t xOy=Wt ? � 1 pmW QO xm |Qw]u=ty
u=mtQ}}eD h}] Vy=m j} Q] R= OwHwt |}=Q}t K]U x@ xHwD =@ Sd;inelastic

"OwW|t x@U=Lt 19 x]@=Q =@ j@=]t 'xk]vt Sd;elastic u=UWm
Sd;inelastic = Sd;elastic � �RC�BRB (19)

xt=vu}}; QO |Q}PB pmW R= |a@=D CQwY x@ �RC�BRB h}] Vy=m ?} Q[
"CU= xOW O=yvW}B 20 x]@=Q CQwY x@ [22]=B wQ=

�RC�BRB =

s
0=1

0=05 + (�eq:dual)
(20)

hOy u=mtQ}}eD Q=Okt uO=O Q=Qk =@ R}v Te xR=U |W=aDQ= QF-wt ?w=vD |xQwO Q=Okt
G � 1 pmW QO xm Qw]u=ty "O};|t CUO x@ '? � 1 pmW =@ j@=]t 1 x]@=Q
sQH u}vJty w xR=U QF-wt V=aDQ= ?w=vD |xQwO |x@U=Lt =@ 'CU= xOW xO=O u=Wv
R= R}v Ke pO=at O=R; xHQOl} sDU}U QF-wt |DNU '2 x]@=Q xOt; CUO x@ QF-wt

"O};|t CUO x@ 21 |x]@=Q

Ke = 4�2me

Te2 (21)
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@=wQ

"xv=owO ?=k |=[a= R=}v OQwt |=ywQ}v "4 pmW

|r=ta= |ki= |=yxir-wt ?}DQD x@ Ht;i w HC;i '36 w 35 \@=wQ QO xm
wO u}vJty "OvDUy =yOv@ Q=yt QO xOW O=H}= VWm w Q=Wi R= |W=v Q}D x@
|WWm w |Q=Wi s�=k |=yxir-wt xOvyO u=Wv ?}DQD x@ R}v Vt;i w VC;i QDt=Q=B
xOt; CUO x@ |=ywQ}v Q}O=kt p=ta= =@ C}=yv QO "OvDUy uwDU x@ |r=ta=
xtQ;uD@ ?=k |=[a= |L=Q] |=ywQ}v 'p}rLD s=Hv= w 38 =D 30 \@=wQ R=
ACI318�11 ptar=QwDUO QO xOW x�=Q= \@=w[ R= xO=iDU= =@ =[a= w x@U=Lt
'OvW=@ L

21 pO=at smCUO O}=@ xtQ;uD@ |=yQ}D jta "OvwW|t |L=Q] [24]'
=yQ}D QO OOQD CUmW R= |Q}owrH |=Q@ u}vJty "CU= xv=yO pw] L xm
O=yvW}B As;min =yQ}D |WtN |=yOQor}t `]kt K]U xv}tm |=Q@ 39 |x]@=Q

[24]"OwW|t

As;min � max
(0=25pf 0c

fy
bwd;

1 4
fy

bwd

)
(39)

s}rUD Ctw=kt w uD@ |Q=Wi Ctw=kt |xOvyO u=Wv ?}DQD x@ fy w f 0c 'u; QO xm
XNWt =Q `]kt QF-wt jta w ZQa d w bw QDt=Q=B wO u}vJty "OvDUy =yOQor}t
xrY=i T=U= Q@ 40 x]@=Q R}v |WQ@ R=}v OQwt |=yQwD=tQ; |L=Q] Qw_vt x@ "Ovvm|t

[24]"CU= xOW O=yvW}B |WQ@ =yCwt=N RmQt x@ RmQt
Av;min
S

� maxn0=062pf 0cbwd; 0=35bwd
o

(40)

xar=]t OQwt |=yxR=U |L=Q] "3
|=y?=k pO=at RwmU} w|}=Q}t w u=mtQ}}eD p}iwQB x]@=Q wO uOQw;CUO x@ Qw_vt x@
VwQ R= xO=iDU= =@ Q[=L VN@ QO =OD@= '?=DVv=tm Ov@ Q=yt |=Q=O |vD@ xv=owO
'12 '8 '4 '2 C=k@] O=OaD =@ xv=owO ?=k 12 'p@k VN@ QO xOW xO=O xaUwD
w Twmat uQwW pt=W |Ov@ Q=yt Cw=iDt |Ov@xQm}B ẁv wO =@ xk@] 20 w 16
xk@] 4 ?=k u}vJty w xR=U uqB 'xvwtv u=wva x@ "Ov=xOW |L=Q] |mD |Q]k
C=k@] |t=tD `=iDQ= "OwW|t xOy=Wt 5 pmW QO 'Twmat uQwW Ov@ Q=yt |=Q=O
"CU= xOW xDiQo Q_v QO QDt 6 'xv=yO pw] Q=Okt u}vJty w QDt 3/2 Q@=Q@ w u=Um}
|xOW x�=Q= ptar=QwDUO =@ j@=]t xR=U |=Q@ u=Q@H p@=k |=yCQ=UN OQmrta K]U
Ov@ Q=yt |=Q=O |=y?=k QO "CU= xOW xDiQo Q_v QO [2]Vv=Q=mty w 24 u=w}r=U
|xv=yO wO Qy |mD |Q]k Ov@ Q=yt |=Q=O |=y?=k QO w |v=}t xv=yO 'Twmat uQwW

R= xOt; OwHw x@ pO=aDt=v |=ywQ}v Fad;v;i s�=k w Fad;h;i |ki= |=yxir-wt |=Q@
%OvwW|t x@U=Lt 31 w 30 \@=wQ j@=]t =yOv@ Q=yt |xv}W}@ Ctw=kt

Fad;h;i =

�!Ryfy;BRBAi;SC cos(�i) + !Ryfy;BRBAi;SC cos(�i) (30)

Fad;v;i =

�!Ryfy;BRBAi;SC sin(�i)� !Ryfy;BRBAi;SC sin(�i) (31)

=@ xHQO 60 R= |ki= QwLt x@ C@Uv =yOv@ Q=yt |Q}oQ=Qk x} w=R uOw@ QDtm p}rO x@
|WwBsWJ p@=k |ki= xir-wt p@=kt QO s�=k xir-wt '|rwtat |=yxR=U xUOvy x@ xHwD
QO xtQ; uD@ Q}D \Uw QO xi=[= VQ@ l} CQwY x@ C}=yv QO s�=k xir-wt QF= "CU=
Q}D Q@ OQ=w Bt;i |}=yv |WWm w BC;i |Q=Wi |wQ}v u}=Q@=v@ "OwW|t xDiQo Q_v

"OvwW|t x@U=Lt 32 x]@=Q R= xtQ; uD@
BC;i = Bt;i = 1

2Fad;h;i
= �!Ryfy;BRBAi;SC cos(�i) + !Ryfy;BRBAi;SC cos(�i)

2
(32)

|QwLt |=ywQ}v O=H}= Ea=@ '?=D Vv=tm Ov@ Q=yt |wQ}v s�=k |xir-wt 'u}vJty
xm 'OwW|t xtQ; uD@ ?=k u}iQ] |=yuwDU |wQ Q@ CC;i |Q=Wi w Ct;i |WWm

"OvwW|t x@U=Lt 34 w 33 \@=wQ j@=]t
CC;i = �!Ryfy;BRBAi;SC sin(�i) (33)

Ct;i = !Ryfy;BRBAi;SC sin(�i) (34)

4 pmW Ovv=ty |Q]k pmW x@ ?=DVv=tm Ov@ Q=yt |=Q=O xtQ;uD@ xv=owO ?=k |=Q@
|wQ Q@ s�=k w |ki= |QwLt |xir-wt wO O=H}= Ea=@ Ov@ Q=yt R= pY=L |wQ}v 'R}v

"OwW|t CtU Qy QO p=YD= Qy
HC;i = �!Ryfy;BRBAi;SC cos(�i) (35)

Ht;i = Ryfy;BRBAi;SC cos(�i) (36)

VC;i = �!Ryfy;BRBAi;SC sin(�i) (37)

Vt;i = !Ryfy;BRBAi;SC sin(�i) (38)
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(g) �QDtwr}m � �QDW} Q� xrRrR
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0/18 40/23 7/01 1992 Cape Mendocino 2
0/16 19/07 7/62 1999 Chi-Chi,Taiwan 3
0/27 25/68 6/8 2007 Chuetsu-oki,Japan 4
0/29 23/78 6/36 1983 Coalinga-01 5
0/36 30/53 7 2010 Dar�eld, New Zealand 6
0/55 22/83 7/2 2010 El Mayor-Cucapah,Mexico 7
0/35 22/03 6/53 1979 Imperial Valley-06 8
0/39 31/07 6/9 2008 Iwate, Japan 9
0/32 22/5 6/9 1995 Kobe, Japan 10
0/31 48/84 7/28 1992 Landers 11
0/28 24/52 6/93 1989 Loma Prieta 12
0/18 49/97 7/37 1990 Manjil, Iran 13
0/20 26/72 6/5 1954 Northern Calif-03 14
0/47 21/17 6/69 1994 Northridge-01 15
0/22 22/77 6/61 1971 San Fernando 16
0/20 23/99 6/77 1988 Spitak, Armenia 17
0/20 22/25 6/54 1987 Superstition Hills-02 18
0/24 57/13 7/3 1986 Taiwan SMART1�45� 19
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u=wva x@ [31]"OW Oy=wN Q=wWO pY=L x=oDUO ?}=Q[ w CqwyHt uDi=}
xOW O=yvW}B 41 x]@=Q KQW x@ 27Sv=Qo q |@=}uwQO VwQ 'u} Ro}=H VwQ l}

[32]"CU=8>>><>>>:
fn (x) =

nP
k=0

Lk (X) yk

Lk (X) =

( 1 X = Xk
0 X 6= Xk

9>>>=>>>;) f (Xk) = yk (41)

"OwW|t x�=Q= 42 x]@=Q KQW x@ Lk(X) `@=D 'u; QO xm
Lk (X) =

(X �X0) � � � (X �Xk�1) (X �Xk+1) � � � (X �Xn)
(Xk �X0) � � � (Xk �Xk�1) (Xk �Xk+1) � � � (Xk �Xn)

=
nY

i = 0
i 6= k

(X �Xi)
(Xk �Xi) :k = 0; 1; :::; n (42)

u=mtQ}}eD p}iwQB xmu}= x@ xHwD =@ 'OwW|t xOy=Wt 11 pmW QO xm |Qw]u=ty
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"CU=xDi=} xaUwD |OOa VwQ "1"3"5
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?=k |WQ@ pmWQ}}eD Owt T=U= Q@ xm OwHwt 4 x]@=Q 'Q=DiQ Q}}eD u}= xH}Dv QO
hQ] R= "OyO x�=Q= =yu=mtQ}}eD R= |@U=vt |v}@V}B Ov=wD|tv 'CU= Q=wDU= |WtN
x@ O � 12 w G � 12 |=ypmW O=} R `=iDQ= =@ |=yxR=U G}=Dv QDW}@ CQw=Ht Qo}O
45 x]@=Q 'QDq=@ |=yOwt QF= uOW p=ai x@ xHwD =@ xm OyO|t u=Wv =]N OQw;Q@ \N
OQw;Q@ OwHwt 4 x]@=Q x@ C@Uv |QDW}@ CkO =@ =Q =yu=mtQ}}eD Q}O=kt |O=yvW}B

"Ovm|t

pO=at RwmU} w |}=Q}t x]@=Q xaUwD "6
'u=mtQ}}eD |=v@t Q@ |L=Q] VwQ xaUwD |=Q@ |U=U= w R=}v OQwt \@=wQ Qo}O R=
OwHwt |]N |L=Q] h}] u; xr}Uw x@ xm CU= pO=at RwmU} w |}=Q}t |x]@=Q
Vy=m |]NQ}e |xRwL Q=F; |=Q@ 'OwW|t xOy=Wt ? � 1 pmW QO xJv; Ovv=ty
p@=k xv=owO |=y?=k |=Q@ =yvD xv RwQt= x@ =D OwHwt \@=wQ Qo}O hQ] R= "O@=}|t
j@] |}xNQJ p}rLD G}=Dv R= xmu}= x@ xHwD =@ QwmPt \@=wQ xmr@ 'OvDU}v xO=iDU=
OQw;Q@ |ak=w Q}e CQwY x@ =Q |}=Q}t Q=Okt 'Ov=xOt; CUO x@ uU@ wm =H VwQ
Q@ |}=Q}t Q=Okt uU@ wm =H |O=yvW}B VwQ QO '13 pmW x@ xHwD =@ [33]"Ovvm|t
CLD sDU}U |}xNQJ MU=B R= Ah pt=m |xNQJ l} CL=Ut x@U=Lt T=U=
'xOt; CUO x@ CL=Ut `k=w QO "OwW|t x@U=Lt 46 x]@=Q j@] 29l}vwtQ=y Q=@
u}vJty "CU= pt=m xNQJ l} QO EDiss xOW hrD |SQv= Q=Okt |xOvyO u=Wv
QO xv}W}@ |}=H@=H w wQ}v Q}O=kt ?}DQD x@ �m w Fm Q}O=kt 'Q}N= |x]@=Q QO
=Q Esto sDU}U QO xOW xQ}NP |SQv= '46 x]@=Q GQNt QO xm OvDUy xNQJ u}=

"Ovvm|t |oOv}=tv
�hys = 1

4� �
EDiss
Esto

= Ah
2�Fm�m

(46)

xO=iDU= s=ovy |k}kO G}=Dv xm CU= |DQwY x@ uU@ wm =H VwQ C=[wQit ,=U=U=
"OQ=Ov x=Qty x@ =Q |OwQw l} QLD u=wva x@ xrRrR CW=ov?=DW R=

|W=aDQ= Ot=U@ l} |=H x@ |ak=w |xrRrR ,qw= xm CU= u; ẁ[wt u}= p}rO
,=}v=F w OQ=O =yOt=U@ R= |}xawtHt 'OQ}o|t Q_v QO uU@ wm =H VwQ xJv; Ovv=t
umtt w CU}v l}vwtQ=y ẁv R= |NU=B ,=U=U= xrRrR V=aDQ= CLD sDU}U MU=B
lryDUt =QPo Q=O}=B=v MU=B Rwvy xm OyO MQ |]}=QW QO xv}W}@ u=mtQ}}eD CU=

"Ci=} Oy=wN Vy=m 43 x]@=Q |R=Uxv}tm j} Q] R= R}v Sv=Qo q |@=}uwQO |=]N8<: EN (X) = (X�X0)(X�X1)���(X�Xn)
(N+1)! f (N�1) (c)

X0 � c � Xn (43)

|=yu=mtQ}}eD R= xawtHt Qy |=Q@ '|OOa p}rLD s=Hv= w Q}N= \@=wQ R= xO=iDU= =@
|}x]@=Q '|@=NDv= CW=ov?=DW 20 CLD xv=owO ?=k Qy R= |W=v |xOt; CUO x@
x]@=Q =@ j@=]t OYQO 1 xv}W}@ |=]N uDiQo Q_v QO =@ w 41 |x]@=Q x@=Wt
xOt; CUO x@ x]@=Q 20 'xv=owO ?=k Qy |=Q@ C}=yv QO "CU= xOW O=yvW}B 43
=@ 'xOW |@=}uwQO x]@=Q 240 u}@ R= |}xR=U |=ypOt O=OaD x@ xHwD =@ xm CU=
sDU}U u=mtQ}}eD p}iwQB uOQw; CUO x@ |=Q@ |}x]@=Q O}=@ |OOa VR=Q@ l}
x}=B Q@ |OOa VR=Q@ VwQ '=yxO=O |oOvm =QB x@ xHwD =@ wQu}= R= "OwW O=yvW}B
xOW xDiQo Q_v QO 44 x]@=Q j@] 28 �LSME� =]N C=a@ Qt ẁtHt |R=U xv}tm

"CU=
f (X) =

mX
j=0

ajXj ; j = 0; 1; 2; : : : ;m (44)

a0:a1:a2:::::a5 ?}=Q[ "CU= m xHQO =@ |}=yv VR=Q@ `@=D f(X) `@=D 'u; QO xm
KQW x@ u=mtQ}}eD p}iwQB C}=yv QO "Ov};|t CUO x@ ?}=Q[ T} QD=t x]@=Q pL R=
?}=Q[ Q}O=kt w O=yvW}B ?=D Vv=tm Ov@ Q=yt |=Q=O |vD@ xv=owO ?=k |=Q@ 45 x]@=Q

"CU= xOW x�=Q= 2 pwOH QO '45 |x]@=Q QO OwHwt C@=F
�i;dual = a1�cHi

Hn
� a1�c

a2

�
Hi
Hn

�2
; n � 5

�i;dual = a3�cHi
Hn

+ a3�c
a4

�
Hi
Hn

�2
� a3�c

a5

�
Hi
Hn

�3
; 5 < n � 12

�i;dual = a6�cHi
Hn

+ a6�c
a7

�
Hi
Hn

�2
� a6�c

a8

�
Hi
Hn

�3
; n � 12

(45)

xOt; CUO x@ OYQO 11 O=} R `=iDQ= =@ |=ypOt |=Q@ xv}W}@ xOv=t|k=@ |=]N
xOt; CUO x@ |=yu=mtQ}}eD G}=Dv '|O=yvW}B x]@=Q QDy@ |@=} RQ= Qw_vt x@ "CU=
j}kO |=yu=mtQ}}eD C@Uv x@ [1]'�2007� |rDU} QB Q=DWwv QO OwHwt 4 x]@=Q =@
|=y?=k |=Q@ xvwtv u=wva x@ 12 pmW QO |v=tR xJN} Q=D p}rLD R= xOt; CUO x@
Owt T=U= Q@ xOt; CUO x@ G}=Dv u}vJty w xU}=kt |Q]k Ov@ Q=yt =@ xv=owO
u=Wv |ki= QwLt 'xOW x�=Q= |=yQ=Owtv QO "CU= xOW x�=Q= R}v pmWQ}}eD pw=
|]NQ}e |v=tR xJN} Q=D p}rLD j} Q] R= xOt; CUO x@ |=yu=mtQ}}eD |xOvyO
|O=yvW}B x]@=Q \UwD xOW |v}@V}B |=yu=mtQ}}eD xOvyO u=Wv s�=k QwLt w
\N "CU= u=mtQ}}eD pw= Owt T=U= Q@ Qw]u}ty w OwHwt 4 x]@=Q =} w 45
CUO x@ Q}O=kt uOw@ l}ORv w CU= xOW s}UQD =yQ=Owtv QO R}v =]N |@=} RQ=
|v}@V}B G}=Dv xm OyO|t u=Wv \N u}= x@ 45 =} 4 x]@=Q wO R= l} Qy R= xOt;
CU= QDl}ORv |v=tR xJN} Q=D p}rLD QO xOW xOy=Wt G}=Dv x@ 45 |x]@=Q |xOW
xOy=Wt hr= � 12 pmW QO xm |Qw]u=ty "OQ=O |QDq=@ CkO 'xH}Dv QO w
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pO=at |}=Q}t OQw;Q@ xOW KqY= |O=yvW}B VwQ "1"6
V=aDQ= T=U= Q@ |}=Q}t x@U=Lt |=Q@ s=o 7 QO O}OH |Di=}yQ 'Q[=L VN@ QO
x�=Q= xv=owO xR=U |ak=w O=R; xHQO OvJ pOt uDiQo Q_v QO =@ w Q_v OQwt ?=k xrRrR

"CU= xOW
2 VN@ QO |O=yvW}B VwQ R= xO=iDU= =@ Q_v OQwt |vD@ xv=owO |=y?=k "1 s=o

"OvwW|t |L=Q]

|}=Q}t |x@U=Lt |=Q@ pt=m |=yxNQJ ZQi p}rO wO u}= Q@ xwqa "CU= xOWv
MU=B pta QO xm |r=L QO 'OwW|t |}=Q}t Q}O=kt uOW q=@ CUO Ea=@ |}xNQJ
"OyO|tv xH}Dv =Q s_vt w pt=m |=yxNQJ,qwtat xrRrR V=aDQ= CLD xR=U |}xNQJ
O=R; |xHQOl} sDU}U p}rLD T=U= Q@ uwvm =D xOW x�=Q= OwHwt \@=wQ u}vJty
xHQO OvJ w |rY= pOt uDiQo Q_v QO |=H x@ `k=w QO "Ov=xOW xO=O xaUwD pO=at
pOt R= \@=wQ xaUwD w p}rLD s=ovy QO |R=UxO=U Qw_vt x@ Q_v OQwt sDU}U O=R;

"CU= xOW xO=iDU= pO=at O=R; |xHQOl}
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"|O=yvW}B VwQ x@ uU@wm =H VwQ R= xOt; CUO x@ |}=Q}t C@Uv "14 pmW
CLD 'CU= xDi=} X=YDN= u; C=k@] x@ |w=Ut CQwY x@ p@k s=o QO xOW
|}=Hx@=H "OQ}o|t Q=Qk =yxrRrR |t=tD |=Q@ |]NQ}e |v=tR |xJN} Q=D p}rLD
CUO x@ =yxrRrR |t=tD G}=Dv \UwDt CQwY x@ �m;NTHA |}=yv |xv}W}@
=@ Q_=vDt pO=at |}=Q}t Q=Okt '49 |rQDvm x]@=Q |Q=QkQ@ CQwY QO "O};|t
Vy=m h}] x@ xaH=Qt xr}Uw x@ s=o u}= QO xOW |}=yv |xv}W}@ u=mtQ}}eD
xDiQo Q_v QO xR=U u}= pO=at |}=Q}t C@Uv u=wva x@ xm 'O};|t CUO x@ xDi=}
|}=Q}t u=wva x@ xrLQt u}= QO xOt; CUO x@ |}=Q}t CQwYu}= Q}e QO 'OwW|t
Q=QmD |}=Qoty pwYL =D pL=Qt w OwW|t xDiQo Q_v QO sHvB s=o QO pO=at

"OwW|t
(�m;NTHA ��m) =�m � 8� (49)

|=y|Q}PBpmW w xOW |L=Q] |=yxR=U Q}=U |=Q@ |O=yvW}B |=ys=o "7 s=o
|=Q@ |Q}PBpmW Q@=Q@ QO pO=at |}=Q}t C@Uv C}=yv QO "OvwW|t Q=QmD Cw=iDt

"OwW|t x@U=Lt =ypOt |t=tD

pO=at RwmU} w |}=Q}t |O=yvW}B x]@=Q "2"6
VN@ QO xm '=]N C=a@ Qt ẁtHt |R=Uxv}tm |OOa VwQ R= R}v Q[=L VN@ QO
VR=Q@ w |@=}uwQO j} Q] R= pO=at |}=Q}t x]@=Q |x�=Q= Qw_vt x@ OW x�=Q= "3"5
QO |OOa VwQ R= xO=iDU= =@ "OwW|t xO=iDU= 'xOt; CUO x@ G}=Dv u}@ QO |vLvt
Ov@ Q=yt |=Q=O xv=owO |=y?=k |}=Q}t x@U=Lt |=Q@ ?}DQD x@ 51 w 50 \@=wQ C}=yv

"CU= xOW O=yvW}B Twmat uQwW Ov@ Q=yt w |Q]k ?=D Vv=tm
�dual = �elastic + (�� 1

�
)(�0=18�e�0=17� + 0=63) (50)

�dual = �elastic + (�� 1
�

)(�0=16�e�0=18� + 0=60) (51)

Ov@ Q=yt |=Q=O |=y?=k |=Q@ xOt; CUO x@ |}=Q}t C@Uv 14 pmW 'xvwtv u=wva x@
|O=yvW}B VwQ x@ uU@ wm =H OwHwt VwQ T=U= Q@ =Q hrDNt |Q}PBpmW =@ uQwW
?=k |=Q@ 1/56 =D xk@] 20 ?=k |=Q@ 1/08 u}@ =yC@Uv Q}O=kt "OyO|t u=Wv
[33]'�2007� Vv=Q=mty w 31 |Q};wO VywSB G}=Dv =@ x@=Wt xm CU= xk@] 16
OQw;Q@ q=@ CUO =Q |}=Q}t Q}O=kt R}v xv=owO ?=k |=Q@ uU@ wm =H VwQ "CU=
=D 1/07 u}@ w x@=Wt CQwY x@ R}v |Q]k Ov@ Q=yt |=Q=O ?=k G}=Dv "Ovm|t
xOW OQw;Q@ |}=Q}t G}=Dv 'xvwtv u=wva x@ R}v 15 pmW "CU= xOt; CUO x@ 1/53

[33]"uU@wm =H |}=Q}t x@U=Lt |=Q@ |}xNQJ Q=Owtv CL=Ut "13 pmW
QO =@ u}vJty "OwW|t x@U=Lt 14 x]@=Q T=U= Q@ xR=U s}rUD u=mtQ}}eD "2 s=o
'Q_v OQwt OQmrta K]U =@ j@=]t C}iQ_ |}xk@]u=}t u=mtQ}}eD uDiQo Q_v
|xv}W}@ u=mtQ}}eD C}=yv QO w 15 x]@=Q j@=]t Q_v OQwt xR=U |Q}PB pmW

"OwW|t x@U=Lt xOt; CUO x@ |Q}PB pmW x@ xHwD =@ sDU}U
uDiQo Q_v QO \UwD xR=U C}iQ_ |vLvt 30uwRi= Q=@ p}rLD s=Hv= =@ "3 s=o
=@ "OwW|t x@U=Lt hOy u=mtQ}}eD u=wva x@ p@k xrLQt |xv}W}@ u=mtQ}}eD
=@ w x@U=Lt xR=U s}rUD u=mtQ}}eD j}kO Q=Okt xOt; CUO x@ |vLvt x@ xHwD
=yv; hqDN= xm |DQwY QO "OwW|t xU}=kt |r@k s=o QO xOW xOR u}tND Q=Okt
xOt; CUO x@ Q=Okt CQwYu}= Q}e QO 'OwW|t xDiQ}PB OW=@ OYQO 6 R= QDtm
swU w swO s=o w xOW xDiQo Q_v QO s}rUD u=mtQ}}eD u=wva x@ xrLQt u}= QO
Q=Okt =@ "OwW =Qoty s}rUD u=mtQ}}eD |}=yv Q=Okt C}=yv QO =D 'OwW|t Q=QmD
|Q}PB pmW w �m |}=yv u=mtQ}}eD Q=Okt 's}rUD u=mtQ}}eD |xOt; CUO x@

"OwW|t KqY= xR=U
|Q=PoQ=@ =@ j@=]t xOt; CUO x@ |}=yv w s}rUD u=mtQ}}eD |}=yv Q}O=kt =@ "4 s=o
|}xNQJ p}rLD [34] 'FEMA 461 ptar=QwDUO QO xOW O=yvW}B |}xNQJ
Q=Owtv R= xO=iDU= =@ "OQ}o|t CQwY |DWoQ@ w CiQ CQwY x@ xR=U |wQ Q@
CUO x@ 'xv}W}@ u=mtQ}}eD =@ Q_=vDt |xv}W}@ |wQ}v 'xOt; CUO x@ |}xNQJ
47 x]@=Q j@] Q=Okt wO u}= R= xO=iDU= =@ xR=U pO=at |DNU C}=yv QO "O};|t

"OwW|t x@U=Lt
Keff = Fm=�m (47)

u=mtQ}}eD h}] Vy=m ?} Q[ u}vJty w pO=at |}=Q}t C@Uv Q}O=kt "5 s=o
u=mtQ}}eD h}] C}=yv QO "OvwW|t x@U=Lt 20 w 18 \@=wQ R= ?}DQD x@
h}] \UwDt QO |}=Q}t ?} Q[ p=ta= R= xO=iDU= =@ xDi=} Vy=m u=UWmQ}e
CUO x@ C � 1 pmW j@=]t xrRrR Qy |=Q@ xOt; CUO x@ u=mtQ}}eD u=UWm
=@ Q_=vDt sDU}U pO=at ?w=vD |xQwO 'Q}N= h}] R= xO=iDU= =@ TBU "O};|t
QO pO=at |DNU x@U=Lt x@ xHwD =@ u}vJty "O};|t CUO x@ xv}W}@ u=mtQ}}eD
|OOa pOt |wQ Q@ w x@U=Lt 48 x]@=Q R= sDU}U |}xRQr QF-wt sQH 'p@k s=o

"OwW|t `} RwD C=k@] `=iDQ= QO Q=Ri= sQv QO xR=U
meff = KeffT 2

eff=4�2 (48)

Q@ xm ?=DVv=tm Ov@ Q=yt |=Q=O |vD@ xv=owO ?=k xR=U |OOa j}kO pOt "6 s=o
x@U=Lt sQH wCU= xOW xDN=U 4VN@ QO xDiQo CQwY|HvUCLY T=U=
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|x]@=Q j} Q] R= u=wD|t w OvR@ u}tND =Q RwmU} w pO=at |}=Q}t C@Uv |@ wN x@
QwmPt |xOW Q=yt |vD@ ?=k xv=owO sDU}U u=mtQ}}eD VwQ xaUwD QO |O=yvW}B

"CUH xQy@

|Q}oxH}Dv "7
u=Q@H |=Q@ u} wv |Di=}yQ 'xtQ;uD@ |WtN ?=k QO ?=DVv=tm Ov@ Q=yt R= xO=iDU=
|tDU}U u=wva x@ ,=Q}N= xmCU=|DNUV}=Ri= j} Q] R=|WtN ?=k sDU}UXk=wv
s}kDUt |L=Q] VwQ 'Q[=L |xar=]t QO "CU= xOW O=yvW}B xv=owO OQmrta =@
R= "CU= xOW xO=O xaUwD xOW QmP |xv=owO sDU}U u}= |=Q@ u=mtQ}}eD |=v@t Q@
|xOW x�=Q= |x]@=Q xm OW xOy=Wt |v=tR xJN} Q=D p}rLD G}=Dv T=U= Q@ xm |}=Hu;
xrRrR s=ovy QO xOW O=H}= |=yu=mtQ}}eD |@ wN x@ Ov=wD|tv |vi C=}@O= QO OwHwt
p}iwQB uOQw; CUO x@ |=Q@ O}OH |x]@=Q l} Q[=L |xar=]t QO 'Ovm |v}@V}B =Q
O=yvW}B |OOa VwQ x}=B Q@ ?=DVv=tm Ov@ Q=yt |=Q=O |vD@ xv=owO ?=k u=mtQ}}eD
VwQ Qo}O |U=U= QDt=Q=B |=Q@ |}x]@=Q 'Q[=L |xar=]t QO u}vJty "CU= xOW
pmW T=U= Q@ pO=at RwmU} w |}=Q}t |x]@=Q |va} u=mtQ}}eD Q@ |vD@t |L=Q]
x@ |O=yvW}B x]@=Q \UwD |}=Q}t u}tND G}=Dv "CU= xOW xO=O xaUwD sDU}U |Q}PB
|O=yvW}B |x]@=Q wO R= "OQ=O OwHwt x]@=Q QDq=@ CkO R= u=Wv OwHwt \@=wQ C@Uv
u=wD|t |rta h=Oy= QO xv=owO sDU}U u}= u=mtQ}}eD Q@ |vD@t |L=Q] Qw_vt x@
|xar=]t QO xOW |UQQ@ |=ypOt |=yC}OwOLt x@ xHwD =@ OvJQy "CUH xQy@
Ov@ Q=yt |=Q=O |vD@ |=y?=k uDiQo Q_v QO =@ |QDW}@ C=ar=]t xOv}; QO 'Q[=L
|O=yvW}B \@=wQ KqY= =} w |@=} RQ= Qw_vt x@ Cw=iDt `=iDQ= w xUOvy =@ ?=DVv=tm

"CU= R=}v OQwt

"|O=yvW}B x]@=Q R= xOt; CUO x@ |}=Q}t |=yC@Uv xU}=kt "15 pmW

OwHwt \@=wQ R= xOt; CUO x@ Q}O=kt Qw] u}ty w |O=yvW}B \@=wQ |xr}Uw x@
OyO|t u=Wv =Q [2]�2012� Vv=Q=mty w u=w}r=U Q=DWwv T=U= Q@ 17 w 16
OwHwt |x]@=Q wO x@ C@Uv x@ |@ wN CkO =@ |O=yvW}B \@=wQ u; j@=]t xm
|}=Q}t Q}O=kt ?=DVv=tm Ov@ Q=yt sDU}U w |WtN |vD@ ?=k sDU}U wO |=Q@
u}tND Cw=iDt |=y|Q}PBpmW QO =Q |v=tR xJN} Q=D p}rLD R= xOt; CUO x@
CmQ=Wt x@ xHwD =@ xv=owO ?=k |}=Q}t Q=Okt OwW|t xOy=Wt u}vJty "OvR|t
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2. displacement pro�le
3. equivalent viscous damping
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9. Ye
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15. Priestley
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