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xOW s}UQD u}Jx]kv =@ 3 ẁv =D 1 ẁv |=yl =N |=Q@ xOWxO=U VwQ T=U=Q@ Q=@

"CU=

|}xR=U pOt "2"2
|]NwO CQwYx@ |}=Hx@=H � |WQ@ |wQ}v |x]@=Q |}xRQr |R=U=OH CtUk QO
T=U=Q@ 'CU= xOW xO=O u=Wv 3 pmW QO xm Qw]u=ty x]@=Q u}= xm OwW|t ZQi

"CU= |R=U=OH CtUk QO xDiQQ=m x@ Qo =Q}t w Qo =OH C=YNWt
'C=R}yHD C=YNWtT=U=Q@ =Q (�s)|L=Q]|}=Hx@=H|xv}W}@ K=Q]TOvyt
CQwY u}O@ "Ovm|t XNWt 'CU= xOW QmP [9]'1446 |xQ=tW |x}eq@= QO xm
=Q (�u) |}xRQr R=U=OH C=R}yHD R= l} Qy |ki= OQ=Ov=DU= |}=Hx@=H =OD@= xm
w \}=QW T=U=Q@ xm '(�) |}xRQr Qo =OH Qy |Q@ Q=@ ?} Q[ ?Q[ =@ TBU w u}}aD

VwQ T=U=Q@ =yu=tDN=U u}= |L=Q] OvwQ w x�=Q= uB=S |xt=vu}}; QO xOWu=wva
Qw_vtx@ 'swO VN@ QO "CU= xOW |UQQ@ uB=S |xt=vu}}; pO=at |]N p}rLD
|L=Q] |}xt=vu}}; \@=w[ u}vJty w |R}NxRQr w |y=oCN=U \}=QW uDiQoQ_vQO
?=DR=@?} Q[ '|}xRQr j]=vt |Ov@s}UkD 'l =N w u}tR ẁv |=yQDt=Q=B 'u=Q}=|}xRQr
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|}xRQr j]=vt |Ov@s}UkD "2"3
xk]vt 4 x@ xrRrR |@Uv Q]N ^=Lr R= u=Q}= syt \=kv w =yQyW '2800 OQ=Ov=DU= QO
CQwYx@ xk]vt u; X=N KQ] |=v@t ?=DW '|}xRQr |xk]vt Qy |=Q@ w s}UkD
xrRrR |@Uv Q]N 'hrDNt j]=vt |=Q@ xm |}xvwox@ "CU= xOW h} QaD A QDt=Q=B
�0 25 g�\UwDt '�0 3 g� O=} R '�0 35 g KQ] |=v@t ?=DW� O=} R |r}N Ov=wD|t
j]=vt QO xrRrR ẁkw Q]N x@ xHwD =@ R}v uB=S |xt=vu}}; QO [3]"OW=@ �0 2 g� sm w
|Ov@xDUO xk]vt 4 u}= QO uB=S |=yQyW w h} QaD |}xRQr |xk]vt 4 'hrDNt
|UOvyt QDU@nvU QO KQ]h}] CQwYx@ ?=DW uB=S |xt=vu}}; QO xD@r= "Ov=xOW
CQwYx@ |}xRQr j]=vt QF= w xOW xO=O K}[wD xt=O= QO xm 'CU= xOW h} QaD
sRq QmPD u}= xD@r= [10]"CU= h}] u}= QO 0 7 =D 1 R= Z ?} Q[ ?Q[pY=L
xDiQo Q_v QO R}v pUo x@ |m}ORv C=QF= uB=S |}xRQr j]=vt |Ov@s}UkD QO xm CU=
2800 |xt=vu}}; QO |}xRQr j]=vt |Ov@s}UkD u=wD|t xU}=kt l} QO "CU= xOW

[15]"OQm xOy=Wt 2 pwOH QO =Q uB=S w

?=DW MU=B h}] "3"3
?=DW MU=B h}] |=v@t Q@ 1 |x]@=Q j@=]t ?=DW MU=B h}] 'uB=S |xt=vu}}; QO
(S0) OQ=Ov=DU= ?=DW MU=B h}] "OwW|t x@U=Lt (S0) |UOvyt QDU@ nvU QO
=@ |=yxrRrR =@ j@=]t 'OwW|t u=wva |UOvyt QDU@ nvU QO �5 |}=Q}t <=R= x@ xm

|x�=Q= w uB=S w u=Q}= |xt=vu}}; \@=w[ |xU}=kt "3
|O=yvW}B VwQ

|NQ@ j=@]v= w xU}=kt |=Q@ xOWs=Hv= |=y|UQQ@ w |r}rLD C=ar=]t VN@ u}= QO
|}xRQr |R=U=OH =@ |=yu=tDN=U |x}eq@= QO xOWu=wva |=yQDt=Q=B w \@=w[ R=
xrRrR Q@=Q@ QO =yu=tDN=U |L=Q] |xt=vu}}; w �2009 |xQ=tW |x}eq@=� uB=S
u}vJty w u=Q}= |R}NxRQr w |y=oCN=U \}=QW x@ xHwD =@ �2800 OQ=Ov=DU=�

"CU= xOW u=wva u=Q}= |}xt=vu}}; \@=w[ C}=aQ
w uB=S |}xRQr |R=U=OH =@ |=yu=tDN=U |x}eq@= u}@ xm |OQ=wt R= |NQ@
VwQ QO j=@]v= pY=L w |UQQ@ xrRrR Q@=Q@ QO =yu=tDN=U |L=Q] |xt=vu}};
'|}xRQr j]=vt |Ov@s}UkD 'l =N w u}tR ẁv %R= Ov=CQ=@a 'Ov=xOW ^=Lr |O=yvW}B
\}=QW Q@ xwqa "u=tDN=U ?w=vD u=tR w =yh}] |xU}=kt 'u=tDN=U ?=DR=@ ?} Q[
?} Q[ Q}_v |OQ=wt 'jwi |=yxt=vu}}; QO xOWu=wva |R}NxRQr w |y=oCN=U
u}= QO |}xRQr |R=U=OH =@ |=yxR=U |=Q@ u=tDN=U `=iDQ= QO |@v=H |wQ}v `} RwD

"CU= xDiQo Q=Qk |UQQ@ w EL@ OQwt VN@

l =N w u}tR ẁv |Ov@xk@] "1"3
pmWDt O=wt h} QaD Q@ xwqa w xOW |Ov@xk@] xwQo 4 x@ l =N '2800 OQ=Ov=DU= QO
[3]"CU= xDiQo Q=Qk Q_v Ot |Ov@xk@] u}= QO R}v |WQ@ GwtCaQU QDt=Q=B 'x=oCN=U
3 ẁv w �\UwDt� 2 ẁv '�CNU� 1 ẁv |xDUO 3 QO l =N 'uB=S |xt=vu}}; QO
QDU@ l =N |rY= ?w=vD u=tR |=v@t Q@ |Ov@xk@] u}= xm 'OwW|t |Ov@s}UkD �sQv�

[9w6'4]"CU= x=oCN=U pmWDt O=wt =} w Tg
x@U=Lt 11 |x]@=Q R= uB=S |xt=vu}}; QO QDU@ l =N |rY= ?w=vD u=tR

[14]%OwW|t

Tg =

vuut32
LX
i=1

hi(
Hi�1+Hi

2 )
v2
i

(11)

Ct=N[ hi 'xR=U uw}U=Ovwi w QDU@ nvU u}@ l =N |=yx}q O=OaD L 'u; QO xm
'�QDt ?UL Q@� l =N |x}q Qy jta Hi '�QDt ?UL Q@� l =N |x}q Qy
|=Q@ "CU= �x}v=F Q@ QDt ?UL Q@� l =N |x}q Qy QO |WQ@ Gwt CaQU vi
lqt Q@ xwqa 'xar=]t OQwt |xt=vu}}; wO QO l =N |Ov@xk@] u}@ x]@=Q |Q=QkQ@
|=yQDt=Q=B R= xt=vu}}; Qy QO xmv}= x@ xHwD =@ 'x=oCN=U pmWDt O=wt uO=OQ=Qk
|=v@t Q@ 2800 |xt=vu}};� OwW|t xO=iDU= l =N ẁv |Ov@xDUO |=Q@ |Dw=iDt
=@ l =N |=Q@ xU}=kt u}= '�Tg T=U=Q@ uB=S |xt=vu}}; w |WQ@ Gwt CaQU
u}= =@ "CU= xDiQo CQwY QDU@ nvU |wQ QDt 30 Ct=N[ =@ w x}q l}
|xt=vu}}; QO xOWu=}@ |}q=@ QDt 30 QO |WQ@ Gwt CaQU \UwDt 'ZQi
"CU= xOW xDiQo Q_v QO u=Um} 11 |x]@=Q QO |WQ@ Gwt CaQU w 2800
'11 |x]@=Q QO 2800 |xt=vu}}; QO xOWu=}@ |=yCaQU uOQmu} Ro}=H =@ u}=Q@=v@
Tg l =N |rY= ?w=vD u=tR ?ULQ@ 2800 |xt=vu}}; QO l =N ẁv |Ov@s}UkD
l =N ẁv Qy |xrmWDt O=wt x@ xHwD =@ "CU= xOW s=Hv= ,=OOHt 5 pmW j@=]t
xOW s=Hv= 1 pwOH j@=]t xt=vu}}; wO QO l =N ẁv |k}@]D |xU}=kt '5 pmW w

"CU=
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}U 2 pwOH j@=]t |}xRQr j]=vt |Ov@s}UkD w 1 pwOH j@=]t u}tR ẁv |Ov@xk@]

"CU= xOW xDiQo Q_v QO

u=tDN=U `=iDQ= QO xrRrR |@v=H |wQ}v `} RwD ?} Q[ "4"3
j@=]t xvwQ=w |FrFt `} RwD l} =@ u=tDN=U QO x}=B VQ@ |wQ}v '2800 |xt=vu}}; QO

%OwW|t `} RwD u=tDN=U `=iDQ= QO 13 |x]@=Q

Fi = (V � Ft) � WihiPn
j=1 Wjhj

(13)

i R=QD `=iDQ= hi 'i |xk@] uRw Wi 'i |xk@] R=QD QO |@v=H |wQ}v Fi 'u; QO xm
q=@ x@ x}=B R=QD R= u=tDN=U C=k@] O=OaD n '�x}=B R=QD R= i |xk@] hkU `=iDQ= =}�
'2800 |xt=vu}}; QO "CU= n |xk@] hkU R=QD QO |i=[= |@v=H |wQ}v Fi w

"CU= QDq=@ C=k@] w xk@] u; QO Fi ẁtHt =@ Q@=Q@ xk@] Qy QO VQ@ Q=Okt
CUOx@ 14 |x]@=Q R= ,=t}kDUt xk@] Qy QO VQ@ u=R}t 'uB=S |xt=vu}}; QO
C w 15 |x]@=Q j@=]t s)=i |xk@] QO VQ@ `} RwD ?} Q[ Ai 'u; QO xm O};|t
ẁtHt QO QDt=Q=B wO u}= ?Q[ R= xk@] Qy QO VQ@ xm 'CU= x}=B VQ@ ?} Q[

?Q[pY=L R= x}=B VQ@ ?} Q[ "OwW|t pY=L QDq=@ C=k@] w xk@] u; uRw
OQ=Ov=DU= ?=DW MU=B h}] QO w |}xRQr |xk]vt ?} Q[ QO l =N O}OWD ?} Q[
'CU= 1 =@ Q@=Q@ 2 K]U |xrRrR |=Q@ xm 'xrRrR K]U ?} Q[ QO w QDU@ nvU QO

[11]%OwW|t x@U=Lt
Vi = CAi

XN

j=i
Wj (14)

Ai = 1 + ( 1p
�i
� �i) 2T

1 + 3T (15)

"CU= xOW xO=O u=Wv 1 pmW QO w xOw@ p=U 500 ,=@} QkD CWoR=@ |xQwO
?=DR=@ ?} Q[ Q}O=kt uB=S w u=Q}= |xt=vu}}; wO u}@ K}LY |xU}=kt |=Q@
x@ |i}] ?=DW w xOW ?Q[ A KQ] |=v@t ?=DW QO 2800 OQ=Ov=DU= QO B
|x]@=Q R= u=tDN=U ?=DR=@ ?} Q[ Q=Okt 2800 OQ=Ov=DU= QO "CU= xOt; CUO

%OwW|t u}}aD 12

B = 1 + S(T=T0) 0 � T � T0

B = 1 + S T0 � T � Ts
B = (1 + S)(Ts=T )2=3 Ts � T (12)

?w=vD u=tR u=ty Cio u=wD|t w u}tR ẁv ?UL Q@ CU= |OOa Ts 'u; QO xm
u}@ RQt Qou=}@ T0 w x}v=F x@ u=tDN=U u=Uwv |rY= ?w=vD u=tR T "CU= u}tR
|=Q@ R}v S [3]"CU= ?=DW h}] R= C@=F ?=DW |xOwOLt w CNU Q=}U@ |xR=U
w CU= QDU@ nvU QO u}tR CmQL |wQ Q@ sQv l =N |oOvvmO}OWD QF= uDiQoQ_vQO
2800 |xt=vu}}; QO ?=DR=@ ?} Q[ "O@=}|t V}=Ri= u; Q=Okt 'l =N uOWQDsQv =@
R}v =Q l =N ẁv C=QF= xm 'CU= u}tR CmQL x@ u=tDN=U MU=B |xwLv |xOvvmu=}@
QO l =N ẁv C=QF= 'CU= xOW u=}@ "1"2 VN@ QO xm Qw]u=ty "OQ}o|t Q_v QO

"CU= xOW xO=O u=Wv Gs QDt=Q=B =@ uB=S |xt=vu}};
QDt=Q=B 'xt=vu}}; wO QO x@=Wt |=yQDt=Q=B u}@ xDiQos=Hv= |=yxU}=kt x@ xHwD =@
"CU= xOW xDiQo Q_v QO 2800 |xt=vu}}; QOA:B QDt=Q=B =@ pO=atS0a = ZGsS0
uOQm^=Lr uwO@ 2800 w uB=S |xt=vu}}; |L=Q] ?=DW |=yh}] '6 pmW QO
`=wv= |wQ Q@ |}xRQr R=U=OH QO |}=Q}t R= |W=v MU=B ?=DW |oOvy=m ?} Q[
'xU}=kt u}= s=Hv= |=Q@ "Ov=xOW xU}=kt Qo}Om} =@ |}xRQr j]=vt |t=tD QO w =yl =N

"uB=S w u=Q}= xt=vu}}; wO QO hrDNt |}xRQr j]=vt w Q]N Kw]U |=Q@ ?=DW h}] xU}=kt "6 pmW
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|x�
=Q=

|xt=vu}}; QO Q=OQ}o |x}=B =@ |=yu=tDN=U |=Q@ u=Uwv|rY= ?w=vD u=tR "7 pmW
"uB=S |xt=vu}}; w 2800

"sQH CN=wvm} `} RwD =@ xk@] 10 u=tDN=U QO VQ@ `} RwD ?} Q[ "8 pmW

u; R= QDq=@ C=k@] w s)=i |xk@] uRw ẁtHt C@Uv 16 |x]@=Q j@=]t �i 'u; QO xm
%OvDUy Q=OQ}o |x}=B =@ xR=U ?w=vD u=tR '17 |x]@=Q j@=]t T w xR=U pm uRw x@

�i =
Pn
j=iWj

W
(16)

T = h � (0 02 + 0 01�) (17)

`=iDQ= x@ |Oqwi |xR=U`=iDQ=C@Uv� w �QDt?UL Q@� u=tDN=U`=iDQ=h 'u; QO xm
=@ |=yu=tDN=U QO w 1 =@ Q@=Q@ |Oqwi |=yxR=U QO QDt=Q=B u}= "CU= u=tDN=U pm
u=tDN=U R= |WN@ xJv=vJ "CU= QiY =@ Q@=Q@ �|@ wJ =} |vD@ Q}_v� |RriQ}e |xR=U
Oqwi R= Q}e |tDU}U VN@ u; R= QDu}}=B =} w QDq=@ QO Qo}O |WN@ w |Oqwi sDU}U
� QDt=Q=B u=wvax@ u=tDN=U pm `=iDQ= x@ |Oqwi |xR=U `=iDQ= C@Uv 'OW=@ xDW=O

"OwW|t xDiQo Q_v QO
?=k =@ |=yu=tDN=U |=Q@ u=Uwv |rY= ?w=vD u=tR u}@ |xU}=kt '7 pmW QO
u=Wv uB=S |xt=vu}}; w 2800 |xt=vu}}; QO Q=OQ}o |x}=B =@ |Oqwi w |vD@ |WtN
u=tDN=U `=iDQ= QO |WQ@ |wQ}v `} RwD pmW |xU}=kt Qw_vt x@ "CU= xOW xO=O
QO u=Um} sQH `} RwD =@ xk@] 10 u=tDN=U l} '2800 w uB=S |xt=vu}}; wO QO
\@=w[ |=v@t Q@ C=k@] QO xOWO=H}= |WQ@ |wQ}v w xOW xDiQo Q_v QO C=k@]
xOW x@U=Lt q=@ QO xOWu=wva \@=wQ R= xO=iDU= =@ w 2800 w uB=S |=yxt=vu}};

"CU=
2 w 0 5 ?w=vD u=tR wO |=Q@ u=tDN=U `=iDQ= QO VQ@ `} RwD pmW |xU}=kt
C@Uv |ki= QwLt 'QwmPt |=ypmW QO "CU= xOW xO=O u=Wv 8 pmW QO x}v=F
OwW|t XNWt hr=8 pmW QO CkO =@ "CU= xOW p=tQv xR=U |x}=B VQ@ x@
uB=S |xt=vu}}; QO �0 5 s� QDtm ?w=vD u=tR |=Q@ xR=U `=iDQ= QO VQ@ `} RwD xm
'CU= �20 OwOL QO hqDN= u} QDW}@ w CU= u=Q}= |xt=vu}}; x@ l}ORv Q=}U@
QDW}@ �2 s� QDq=@ ?w=vD u=tR |=Q@ hqDN= u}= "OyO|t MQ xk@] u} QDq=@ QO xm
?} Q[ xm CU= u; R= |W=v Cw=iD u}= "CU= xk@] u} QDq=@ QO �35 OwOL QO w
VwQ u}= |=Q@ R=}Dt= l} 'OQwt u}= w OQ}o|t Q_v QO =Q QDq=@ |=yOwt C=QF= 'Ai

"OwW|t ?wULt
|O=yvW}B VwQ QO |}xRQr |R=U=OH sDU}U =@ |=yu=tDN=U |L=Q] OvwQ
VwQ u}= QO "CU= Q=DWwv QO xOWu=wva 4�2 =D 1�2 |xrLQt 4 j@=]t u=Q}= |=Q@
w u}tR ẁv u}@ xDiQos=Hv= |=yxU}=kt x@ xHwD =@ w 7 |x]@=Q uO=OQ=Qk =v@t =@
w =yh}] |xU}=kt 'u=tDN=U ?=DR=@ ?} Q[ '|}xRQr j]=vt |Ov@s}UkD 'l =N
R= |W=v |}xRQr |wQ}v |x]@=Q 'xt=vu}}; wO |=yQDt=Q=B j@=]D w =yxR=U ?w=vD u=tR
O=yvW}B 18 |x]@=Q CQwYx@ 'O};|t OwHwx@ |}xRQr R=U=OH |x}q QO xm 'xrRrR

%CU= xOW
Q = A:B:W:Fh (18)

O=H}= |}xRQr R=U=OH |x}q QO xm CU= xrRrR R= |W=v |}xRQr |wQ}v Q 'u; QO xm
T=U=Q@ u=Q}=hrDNt j]=vt QO KQ] |=v@t ?=DWC@UvA '�KN?ULQ@� OwW|t
|xt=vu}}; 3�3�2 Ov@ 2 pwOH QO u; Q}O=kt xm CU=yv; |R}NxRQr Q]N u=R}t
MU=B |xwLv Qou=}@ xm CU= u=tDN=U ?=DR=@ ?} Q[ B "CU= xOW u=wva 2800
xk]vt |}xRQr Q]N w u}tR ẁv x@ xDU@=w u; Q=Okt w CU= u}tR CmQL x@ u=tDN=U
\@=wQ T=U=Q@ '2800 |xt=vu}}; 4�3�2 Ov@ |=v@t Q@ ?} Q[ u}= Q=Okt "CU=
w �KN ?UL Q@� |v=kwi |xR=U uRw W 'OwW|t u}}aD OwHwt |=yQ=Owtv =} w
=@ B ?} Q[ u}}aD "CU= 4 |x]@=Q j@=]t xOWu=wva ?=DW Vy=m C@Uv Fh
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Vb = KDmaxDD (23)

VS = KDmaxDD
RI

(24)

QO 'CU= |]N CQwYx@ u=tDN=U `=iDQ= QO |@v=H |wQ}v `} RwD 'ptar=QwDUO QO
CQwYx@ 15 |x]@=Q j@=]t |O=yvW}B VwQ QO `=iDQ= QO wQ}v `} RwD xm |r=L

"OQ}o|t Q_v QO R}v =Q QDq=@ |=yOt QF= w CU}v |]N
xOW OwOLt 0 01

RI
x@ xk@] |@Uv u=mtQ}}eD C@Uv |xv}W}@ 'ptar=QwDUO QO

|R=U=OH R=QD R= QDq=@ xR=U |@v=H Q@ Q=@ sDU}U ẁv T=U=Q@ RI ?} Q[ xm 'CU=
"CU= 1

200 Q=Okt u}= |O=yvW}B VwQ QO xm |r=L QO 'OwW|t u}}aD

|R=UpOt "4
sDU}U =@ |=yu=tDN=U KQ] |=Q@ |O=yvW}B VwQ QO xOWx�=Q= OvwQ VN@ u}= QO
pOt 5 Qw_vt u}O@ "CU= xDiQo Q=Qk |@=} RQ= OQwt u=Q}= QO |}xRQr |R=U=OH
w |UQQ@ |O=yvW}B VwQ QO xOWu=wva OvwQ =@ xk@] 10 w 8 '6 '4 '2 |v=tDN=U
|xJN} Q=D |m}t=v}O |=yp}rLD R= pY=L G}=Dv =@ VwQ u}= R= xOt;CUOx@ G}=Dv
l =N |wQ Q@ =yu=tDN=U |x}rm '=yp}rLD u}= QO "Ov=xOW xU}=kt |]NQ}e |v=tR
xDiQo Q_v QO 2800 |xt=vu}}; h} Q=aD j@=]t O=} R |r}N |@Uv Q]N w II ẁv

"Ov=xOW
u=Wv OwN R= pta QO xOW|R=U=OH |=yxR=U xm |Q=DiQ |UQQ@ Qw_vt x@
`H=Qt QO xm |}=yx}YwD j@=]t "CU= xOW xO=iDU= |Oa)@ xU |=ypOt R= 'OvyO|t
Q@=Q@ ,=@} QkD sQH =@ |r=O R= hmty |xk@] QO 'CU= xOW hrDNt |=yxt=vu}}; w
CQwYx@ |R=U=OH sDU}U OQmrta =D 'CU= xOW xO=iDU= Qo}O C=k@] sQH =@
QD`t=H |v=tR |xJN} Q=D |=yp}rLD xmv}= |=Q@ 'xar=]t u}= QO [17]"O}; QO CN=wvm}
pY=L G}=Dv =@ =Q |O=yvW}B VwQ R= pY=L G}=Dv u=wD@ |QDW}@ CkO =@ w OvW=@
OQwmQ 7 w QwO |xRwL OQwmQ 7 R= 'OQm |@=} RQ= |v=tR |xJN} Q=D |=yp}rLD R=

"CU= xOW xO=iDU= u=Q}= l}ORv |xRwL

xOW|R=U=OH |}xR=U |=ypOt C=YNWt "1"4
uqB "OvDUy xk@] 10 w 8 '6 '4 '2 |UQQ@ u}= QO xOW?=NDv= |=yu=tDN=U
u=tDN=U uqB xm 'OvDUy QDt 4 pw] x@ |}=yxv=yO =@ uQ=kDt '=yu=tDN=U |x}rm
|=yu=tDN=U w xv=yO 3 |=Q=O xk@] 6 w 4 |=yu=tDN=U 'xv=yO 2 |=Q=O xk@] 2
u; `@D x@ w xk@] Qy QO =yuwDU O=OaD =Pr "OvDUy xv=yO 4 |=Q=O xk@] 10 w 8
=@ Q@=Q@ xk@] 6 w 4 |=yu=tDN=U QO '9 =@ Q@=Q@ xk@] 2 u=tDN=U QO =yQo =OH O=OaD
|x}rm QO C=k@] `=iDQ= "OvDUy 25 =@ Q@=Q@ xk@] 10 w 8 |=yu=tDN=U QO w 16
|WtN ?=k |@v=H Q@ Q=@ sDU}U |=Q=O |v=kwi |xR=U w CU= QDt 3 =yu=tDN=U
xOW xO=O u=Wv xvwtv u=wvax@ xk@] 10 |xR=U pOt '9 pmW QO "CU= |Oqwi
200 w 800 ?}DQD x@ =ypOt |x}rm |=Q@ xOWxDiQo Q_v QO |xOvR w xOQt Q=@ "CU=
|=Q@ xO=iDU= OQwt `]=kt "OwW|t OQ=w hm x@ xm 'CU= `@ QtQDt Q@ wQ}v sQowr}m
ẁv R= VywSB u}= QO xO=iDU= OQwt Oqwi w IPB w IPE ?}DQD x@ uwDU w Q}D
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|xt=vu}}; R= xO=iDU= =@ w R=Ht VvD VwQ x@ |O=yvW}B VwQ R= xOt;CUOx@ Q
uqB |=Q=O |v=tDN=U |=ypOt xmv}= x@ xHwD =@ "Ov=xOW |L=Q] AISC-ASD

j@=]t (Ts) xOW|R=U=OH |xR=U |L=Q] |}=yv |a}@] ?w=vD |xQwO R= xO=iDU=
`=iDQ= QO xrRrR |@v=H |wQ}v `} RwD Qw_vtx@ u}vJty "OQ}o|t CQwY 2 |x]@=Q

"CU= xOW O=yvW}B 15 |x]@=Q u=tDN=U

ptar=QwDUO QO xOWx�=Q= VwQ =@ |O=yvW}B VwQ |xU}=kt "5"3
|}xRQr R=U=OH =@ |=yu=tDN=U |L=Q]

ptar=QwDUO� QO xOWx�=Q=VwQ =@ |O=yvW}BVwQ QO xOWu=wva OvwQ|=ys=o|UQQ@ =@
�ptar=QwDUO� |xS=w =@ VN@ u}= QO xm �|}xRQr R=U=OH =@ |=yu=tDN=U |L=Q]
R= |NQ@ x@ xm 'CN=OQB VwQ wO u}= |xU}=kt x@ u=wD|t 'CU= xOW xQ=W= u; x@

"OwW|t xQ=W= =yv;
u}}aD Qw_vt x@ =yR=U=OH |wQ Q@ x}rw= |=yV}=tR; s=Hv= 'VwQ wO Qy QO
u=tR l} \ki |O=yvW}B VwQ QO "OQ=O |O=} R Q=}U@ C}ty= |L=Q] |=yQDt=Q=B
u=tR u}= xm 'OwW|t xDiQo Q_v QO 2 |x]@=Q j@=]t xOW|R=U=OH |xR=U |=Q@ ?w=vD
|R=U=OH C=R}yHD C=YNWt T=U=Q@ xm 'KQ] |}=Hx@=H |xv}W}@ <=R= x@ ?w=vD
|m} QF-wt ?w=vD u=tR wO 'ptar=QwDUO VwQ QO =t= "OwW|t x@U=Lt 'OwW|t u}}aD
QO (TM ) u=mtQ}}eD u} QDW}@ =@ Q_=vDt |Qo}O w (TD) KQ] u=mtQ}}eD =@ Q_=vDt
Q@ KM min w KDmin \@=wQ u}= QO xm '�20 w 19 \@=wQ� OwW|t xDiQo Q_v

%OvwW|t u}}aD =yV}=tR; G}=Dv |=v@t

TD = 2�
r

W
KDming

(19)

TM = 2�
r

W
KM ming

(20)

j@=]t |iO=YD w |ak=w VJ}B R= |W=v |i=[= u=mtQ}}eD QF= |O=yvW}B VwQ QO
xOW xDiQo Q_v QO |R=U=OH R=QD MU=B QO 1 1 C@=F ?} Q[ CQwYx@ 9 |x]@=Q
xDiQo Q_v QO 22 w 21 \@=wQ CQwYx@ QF= u}= 'ptar=QwDUO QO xm |r=L QO 'CU=
d w b 'QwmPt \@=wQ QO "CU= 1 1 |W}=Ri= ?}=Q[ u}= Q=Okt |xv}tm w xOW
?}DQD x@ DM w DD w '|iO=YD w |ak=w C} RmQt R= GwQN ẁtHt e 'uqB O=a@=

"CU= R=U=OH |xv=t=U |ki= u=mtQ}}eD u} QDW}@ w KQ] u=mtQ}}eD

DTD = DD
�
1 + y 12e

b2 + d2

�
(21)

DTM = DM
�
1 + y 12e

b2 + d2

�
(22)

|=[a= w R=U=OH |xv=t=U Q@ OQ=w |@v=H |wQ}v |x@U=Lt |=Q@ 'ptar=QwDUO QO
|}xR=U |=[a= Q@ OQ=w |@v=H |wQ}v |x@U=Lt |=Q@ w 23 |x]@=Q 'u; Q} R |}xR=U
'|O=yvW}B VwQ QO xm |r=L QO &CU= xOW x�=Q= 24 |x]@=Q '|R=U=OH R=QD R= QDq=@
ptar=QwDUO QO xmCU= u}= QwmPt Cw=iD p}rO "CU= xOW xO=iDU= 18 |x]@=Q\ki
|=[a= Q@ OQ=w |@v=H |wQ}v w OwW|t xDiQo Q_v QO |v=kwi |xR=U |Q}PBpmW
?} Q[ l} xm 'RI Q=DiQ ?} Q[ uOQm^=Lr =@ |R=U=OH R=QD R= QDq=@ |}xR=U
xm|r=L QO &OwW|t x@U=Lt 'CU=|v=kwi |xR=U |Q}PBpmW T=U=Q@ wQ}v |xOvy=m
"OwW|tv xDiQo Q_v QO |Q}PBpmW T=U=Q@ xOvy=m ?} Q[ u}= '|O=yvW}B VwQ QO
|QDxOQDUo |x]}L |=Q@ |O=yvW}B VwQ 'xR=U|]N Q=DiQ uDiQoQ_vQO =@ ,=@k=aDt =t=
|=Q@ ptar=QwDUO QO xOWx@U=Lt |wQ}v xm |DQwY x@ "CU= R=Ht =yu=tDN=U R=
VwQ QO xm |r=L QO [4]'CU= R=Ht QDt 20 |xv}W}@ `=iDQ= =D |=yu=tDN=U
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"|@ QU |xDUy =@ |m}DUq |=yQo =OH |}=Hx@=H � wQ}v |vLvt "11 pmW

"|L=Q] |=ypmWQ}}eD |xOwOLt "12 pmW

%OwW|t u}}aD 26 w 25 \@=wQ R= =yR=U=OH
� = �c(1� 

�c:S2
) (25)

� = �c(1� 
4 ) + 30

4  (26)

pmW ?} Q[ S2 w |WQ@ VvQm  'Qo =OH |}=yv |Q=Wi Ctw=kt �c '=yu;QO xm
Kd w Ku |=yQDt=Q=B =@ 11 pmW j@=]t =ypOt R= l} Qy "CU= Qo =OH |x} wv=F
`]=kD pLt w x} wv=F |DNU 'x}rw= |DNU ?}DQD x@ xm 'OvwW|t XNWt Qd w
R= TB |DNU C@Uv w Dy |=yQDt=Q=B "CU= s�=k QwLt =@ T} RQDU}y |xkrL
xU u}= R= |a@=D xm 'OvDUy |}xDU@=w |=yQDt=Q=B R}v s}rUD R= p@k |DNU x@ s}rUD
%OwW|t x@U=Lt 27 |x]@=Q R= �s}rUD R= TB |DNU� x} wv=F |DNU "OvDUy QDt=Q=B
Kd = CKd(Kr +Kp) (27)

"|UQQ@ OQwt |xk@] 10 pOt "9 pmW

|R=UpOt "CU= xDW=Ov |yHwD p@=k Q=Okt xOWO=H}= |WJ}B u=tt 'OvDUy uQ=kDt
Q=DiQ uDiQoQ_vQO |=Q@ w xOW s=Hv= V.14 1 0 |xNUv sap.2000 Q=Ri=sQv QO
=@ uwDU w Q}D |=yDv= wO QO |Q}tN pY=it R= uwDU w Q}D |=[a= |]NQ}e
|]NQ}e u=tr= R= =yR=U=OH |R=UpOt |=Q@ w FEMA-356 h} QaD R= xO=iDU=

"CU= xOW xO=iDU= 2 NLLINK

|R=U=OH sDU}U C=YNWt "2"4
|=yQo =OH Q}_v� |m}DUq |=yQo =OH |xDUO wO x@ |rm Qw]x@ |}xRQr |=yQo =OH
|@ QU |xDUy =@ |m}DUq |=yQo =OH w 3�HDRB� q=@ |}=Q}t =@ |m}DUq
�5�FPS� |m =m]Y= |rwOv=B |=yQo =OH Q}_v� |WRer |=yQo =OH w �4�LRB�
w |m}DUq |x}q u}OvJ R= |m}DUq Q@ Q=@ sDU}U =@ |=yQo =OH "OvwW|t s}UkD
u}= 'sRq s�=k |DNU w |ki= |Q}PBpmW u}t-=D |=Q@ xm 'OvwW|t p}mWD |Rri
C=}�RH "OvwW|t xOv=@UJ Qo}Om} x@ |Y=N Ov};Qi =@ |Rri w |m}DUq C=LiY
'CU= xOW xO=iDU= =yv; R= Q=DWwv u}= QO xm '|@ QU |xDUy =@ |m}DUq |=yQo =OH
x@ |@ QU |xv=wDU= l} '=yQo =OH u}= pN=O QO "CU= xOW xO=O u=Wv 10 pmW QO
LRB R=U=OH sDU}U u}=Q@=v@ [18w17]"CU= xOW x}@aD |SQv= QDW}@ lqyDU= Qw_vt
O=H}= j} Q] R= |ki= |Q}PBpmW sy 'Ovm|t ptLD =Q u=tDN=U uRw xmv}= Q@ xwqa
"Ovm|t O=H}= =Q sRq T} RQDU}y |}=Q}t sy w x}rw= C}a[w x@ xOvv=OQoR=@ |=ywQ}v

"CU= xOW xO=O u=Wv 11 pmW QO LRB R=U=OH Q=DiQ |vLvt
|=yx}eq@= |=yx}YwD w \@=w[ |NQ@ T=U=Q@ =yQo =OH 'VywSB u}= QO
|m}v=mt C=YNWt "Ov=xOW |L=Q] uB=S |xt=vu}}; 1446 w 2009 |xQ=tW
1446 w 2009 |xQ=tW |=yx}eq@= |=yx}YwD j@=]t R}v LRB |=yQo =OH
u}= QO 'uB=S |xt=vu}}; \@=w[ j@=]t "CU= xOW xDiQo Q_v QO uB=S |xt=vu}};
C=R}yHD|m}v=mt X=wN Qo}O w R=Ht|WQ@ w |Q=WiCtw=kt u=R}t =OD@= =yR=U=OH
Qo =OH C=R}yHD |ki= |=y|}=Hx@=H u=R}t '12 pmW j@=]t TBU 'xOW u}}aD
|W=v |}=Hx@=H R= QDtm =y|}=Hx@=H u}= u=R}t xm CU= xOW u}}aD |Qw] |}xRQr
QO |Q=Wi VvD u=R}t "OwW =yR=U=OH |L=Q] s�=k Ctw=kt 1

3 pO=at |=yQ=@ R=
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w R=U=OH sDU}U |R=UpOt CLY |UQQ@ Qw_vt x@ xm CU= sRq QmPD u}=
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"CU= xDiQo Q=Qk |UQQ@ OQwt

xO=iDU= OQwt |=yOQwmQ "3"4
u=Q}= QO xO=OMQ |=yxrRrR x@ \w@ Qt |oty VywSB u}= QO xO=iDU= OQwt |=yOQwmQ
|xm@W QO xOWC@F |=yOQwmQ |xawtHt R= =yOQwmQ u}= xmv}= x@ xHwD =@ "OvDUy
QO xO=iDU= |=Q@ 'Ov=xOW ?=NDv= umUt w u=tDN=U C=k}kLD RmQt |Q=ov?=DW
'Ov=xOW R} wv hPL w KqY= =yOQwmQu}= =OD@= '|v=tR |xJN} Q=D|m}t=v}O |=yp}rLD
[19]'u=Q=mty w |DQOk |O=yvW}B Q}O=kt T=U=Q@ QPou}}=B w QPo q=@ |=yQDr}i xm

"Ov=xOW ?=NDv=
G=QNDU= xm |rmW u=ty x@ xR=U x@ xrRrR |=yOQwmQ p=ta= VywSB u}= QO
R= pY=L G}=Dv |xU}=kt u=mt= |=Q@ =Pr &OyO|tv CUOx@ |}xH}Dv I}y 'Ov=xOW
=@ "Ov=xOW T=}kt xrRrR |=yOQwmQ |m}t=v}O |=yp}rLD G}=Dv =@ |O=yvW}B VwQ
|=yp}rLD G}=Dv QO O=} R |oOvm =QB O=H}= R= |Q}owrH Q@ xwqa =yOQwmQ uOQmT=}kt
sy=Qi R}v Qo}Om} =@ l}ORv w QwO |xRwL |=yOQwmQ G}=Dv |xU}=kt u=mt= '|m}t=v}O
=yCW=ov?=DW uOQmT=}kt ,qwtat xOW|R=U=OH |=yxR=U QO [16]"CU= xOW
CtUk QO xR=U |rY= ?w=vD |xQwO xm =QJ 'OQ}o|t CQwY PGV T=U=Q@
uOQmT=}kt 2800 |xt=vu}}; QO xmv}= x@ xHwD =@ =t= 'OQ=O Q=Qk h}] C@=F CaQU
u}= QO "Ov=xOt; QO T=}kt x@ =v@t u}= Q@ =yOQwmQ 'CU= PGA |=v@t Q@ =yOQwmQ
|xJN} Q=D |=yp}rLD QO l}ORv |xRwL OQwmQ 7 w QwO |xRwL OQwmQ 7 R= xar=]t
|O=yvW}B VwQ G}=Dv |xU}=kt QO |QDW}@ |=yCr=L =D 'CU= xOW xO=iDU= |v=tR
wO u}= xm CU= sRq QmPD u}= "OQ}o Q=Qk Q_vOt |v=tR |xJN} Q=D |=yp}rLD =@
QO ?}DQD x@ =yv; C=YNWt xm l}ORv |xRwL w QwO |xRwL |}=D 7 OQwmQ xawtHt
|xRwL OQwmQ 15 w QwO |xRwL OQwmQ 16 u}@ R= 'CU= xOW u=}@ 5 w 4 pw=OH
xt=vu}}; KQ] h}] =@ =Q j=@]v= u} QDy@ =D 'Ov=xOW T=}kt w ?=NDv= u=Q}= l}ORv

"OvW=@ xDW=O
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w |O=yvW}B pO=at |]N p}rLD VwQ R= pY=L G}=Dv u}}aD w =yp}rLD s=Hv= R=TB
Q}O=kt xm OW xOy=Wt xOWxDiQo Q_v QO |=ypOt |v=tR |xJN} Q=D |=yp}rLD G}=Dv
xOw@ QwO |xRwL |=yMU=B R= QDnQR@ ?D=Qt x@ l}ORv |xRwL |=yxrRrR QO MU=B
X=N C=QF= w l}ORv |xRwL |=yOQwmQ |}x@ Q[ C}y=t p}rOx@ Qt= u}= xm 'CU=

|@v=H |DNU Kr '|WQ@ VvQm x@ xDU@=w Kd '|LqY= ?} Q[ Ckd 'u; QO xm
=yv; Q}O=kt xm 'CU= |@ QU |xDUy R= |W=v |i=[= |@v=H |DNU Kp w l}DUq

%OwW|t x@U=Lt 30 |r= 28 \@=wQ R=

Kr = Gr:
Ar
H

(28)

Kp = �:Ap
H

(29)

CKd =

8>>>><>>>>:
0 799�0 43 [ < 0 25]

�0 25 [0 25 <  < 1 0]
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(30)
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R= xm CU= ?QU |WQ@ VvQm x@ xDU@=w Qd '|LqY= ?} Q[ CQd 'u; QO xm
|xDUy `]kt K]U Ap w ?QU |WQ@ VvD �pb 'OwW|t x@U=Lt 32 |x]@=Q
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WD = 4Qd(D �Dy) (34)

's}yO u=Wv � =@ =Q s}rUD R= TB |DNU x@ R=U=OH |x}rw= |DNU C@Uv xJv=vJ
|=yQDt=Q=B QO =tO QF= w 35 |x]@=Q CQwYx@ |L=Q] |}=Hx@=H QO pO=at |}=Q}t

%OwW|t u=}@ 37 w 36 \@=wQ CQwYx@ Qd w Kd |L=Q]
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�
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n
D � Qd

(1��):Kd

o
Keq:D2 (35)

Kd(t) = Kd(t0): exp(�0 0027� (t� t0)) (36)

Qd(t) = Qd(t0): exp(�0 00879� (t� t0)) (37)

"OwW|t O=H}= |@ QU |xDUy s}rUD =@ T} RQDU}y |}=Q}t 'LRB Qo =OH QO
3 pwOH QO 'Ov=xOW |L=Q] Q=wpm}U OvwQ l} T=U=Q@ xm =yQo =OH C=YNWt

"CU= xOW xO=O u=Wv
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"l}ORv

"QwO |xRwL |=yOQwmQ CLD xk@] 6 u=tDN=U QO |xv}W}@ |x}=B VQ@ "16 pmW

|xRwL |=yOQwmQCLD xk@] 6 u=tDN=U |x}=B R=QD |xv}W}@ |x}=B VQ@ "17 pmW
"l}ORv

"|@=NDv= QwO |xRwL |=yOQwmQ "4 pwOH
M} Q=D PGA OQwmQ |xQ=tW x=oDU}= xrRrR
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'15 w 14 |=ypmW QO "CU= xOW xO=O u=Wv xvwtv u=wvax@ |O=yvW}B VwQ QO
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QmWD w Q}OkD
u}= hrDNt pL=Qt QO xm x@ wm x=oWv=O R= |v=D}Hwi QwUiwQB |=k; ?=vH R= u=}=B QO
u=mt= 'uB=S |xt=vu}}; V}=Q} w u} QN; p=UQ= w x}yD =@ w xOQm |Q=} =Q =t VywSB
"s} Q=O =Q |v=OQOk w QmWD p=tm 'Ov=xDN=U sy=Qi =Q VywSB u}= QDy@ xJ Qy s=Hv=

uB=S w u=Q}= |xt=vu}}; QO u=tDN=U `=iDQ= QO VQ@ `} RwD \@=wQ |xU}=kt =@ "5
Q}O=kt |v=kwi C=k@] QO 'VQ@ `} RwD QO uB=S |xt=vu}}; xm CU= xOW xOy=Wt
xm 'OyO|t CUOx@ u=Q}= |xt=vu}}; QO Q_=vDt VQ@ Q}O=kt x@ C@Uv =Q |QDW}@
"CU= uB=S |xt=vu}}; VQ@ `} RwD QO QDq=@ |=yOt QF= uDiQoQ_vQO Qou=}@ Qt= u}=
xOW xOy=Wt 2800 |xt=vu}}; w uB=S |xt=vu}}; QO ?=DW h}] |xU}=kt =@ "6
=yl =N |L=wv s=tD QO 'uB=S |xt=vu}}; QO |i}] |=y?=DW Q}O=kt xm CU=
QDtm hqDN= u}= q=@ |=y?w=vD u=tR QO xm 'CU= 2800 OQ=Ov=DU= R= QDW}@

"OwW|t
uB=S w u=Q}= |xt=vu}}; wO QO ?=DW |=yh}] hqDN= OYQO uDiQoQ_vQO =@ "7

=yCWwv=B
1. max�design
2. nonlinear link (NLLINK)
3. high damping rubber bearing (HDRB)
4. lead rubber bearing (LRB)
5. friction pendulum system (FPS)
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