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%�14 |r= 12 \@=wQ� OvwW|t p}O@D

f _Zg = [Ce] f _Ug + [Ke] fZg (12)

fZg =

8>><>>:
z1
:

zND

9>>=>>; ; f _Ug =

8>><>>:
_u1
:

_uND

9>>=>>; (13)

[Ce] =

2664 ce1 0
:

0 ceND

3775 ; [Ke] =

2664 ke1 0
:

0 keND

3775
(14)

50



3 1
|xQ

=tW
'32

�2
|xQ

wO-
�13

95
R}}=B

�'h
}QW

u=Qt
a|

UOv
yt Ov}=Qi �21 |x]@=Q� W (t) w �20 |x]@=Q� |v}aD |v=tR QDr}i `@=D 'A(t) u; QO xm

QDr}i `@=D |Dkw "CU= xOWQDr}i O}iU Gwt =} O}iU Gwt ,qwtat xm 'CU=v=t |iO=YD
QDr}i `@=D "OwW|t pY=L =v=tQ}e pOt 'OQ}o Q=Qk |=v=m � |t}H=D QDr}i =@ \=@DQ= QO

[19]%CU= wD=U w =m} Rwv}W |}=tv `@=D 'VywSB u}= QO xOWxDiQo Q=mx@ |v=tR
A(t) = 1

C
(e�B1t � e�B2t) (20)

C = max(e�B1t � e�B2t) (21)

COt =@ |}=yOQwmQ |=Q@ xm 'OvDUy B2 = 0 17 w B1 = 0 085 |=yQDt=Q=B
R= xO=iDU= =@ |r@k s=o QO xOWO}rwD |=v=t |=yOQwmQ "OvwW|t xO=iDU= |vqw] u=tR
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|O=yvW}BVwQ QO "OwW Qw_vt xR=U OQmrta QO|r=ta= OQwmQ QO OwHwt|=yC}a]k
Q=}at h=QLv= Q=Okt u}vJty w u=mtQ}}eD |xv}W}@ u}ov=}t Q=Okt u}}aD x@ xHwD =@
u}}aD p@=k |Dq=tDL= CQwYx@ sDU}U xOv}=Ri |m}t=v}O |vLvt 'u; x@ \w@ Qt
uwJ |}=yQwLt =@ |}=yQ=Owtv CQwYx@ xOv}=Ri |m}t=v}O |=y|vLvt G}=Dv "CU=
|=yQDt=Q=B |xOvvmu=}@ xm |}xR=U MU=B p@=kt QO �IM� COW Qr=mU= T=}kt
'|ki= QwLt |=Q@ ,qwtat [22]"OwW|t xO=O u=Wv '�EDP� OvDUy |UOvyt R=}v
|xv}W}@ 's�=k QwLt |=Q@ w |m}t=v}O sDU}U |@Uv u=mtQ}}eD =} u=mtQ}}eD |xv}W}@
u}= QO |O=yvW}B sD} Qwor= x@ xHwD =@ "OvwW|t ?=NDv= |i}] ?=DW =} u}tR ?=DW
|xv}W}@ QO Q=}at h=QLv= |=yvt w xwqa x@ \UwDt 'MU=B \UwDt Q}O=kt 'VywSB
|r=oJ R= |@} Q[ ?=DW |xv}W}@ "CU= s}UQD p@=k u}tR hrDNt |=y?=DW
u=mtQ}}eD |xv}W}@ w �CU= S0 QwPHt =@ Q_=vDt ?=DW |xv}W}@� |OwQw |i}]
'xvwtv u=wvax@ "OwW pY=L |OwQw l} QLD CLD sDU}U |Q=t; C=}YwYN R= O}=@
R= pY=L u}vJty w |]NQ}e |m}t=v}O p}rLD 300 R= pY=L |m}t=v}O |vLvt
|=Q@ p}rLD Q=@ l} pY=L� O=R; |xHQO l} sDU}U |=Q@ Ot=U@ |xRwL QO pL

%C=YNWt u}= =@ �=yOQwmQ |i}] |r=oJ
�0 = 0 05; � = 0 01; � = 0 7; 
 = �0 5; n = 1
QO ?}DQD x@ x}v=F 0 3 w 0 4 '0 6 =@ Q@=Q@ sDU}U |x}rw= ?w=vD |xQwO 3 |=Q@ w

"CU= xOW x�=Q= 11 pmW
|m}t=v}O p}rLD 300 R= pY=L G}=Dv 'CU= OwyWt 11 pmW R= xm Qw]u=ty
j=@]v= 'CU= Ot=U@ |xRwL QO pL Q@ |vD@t xm |O=yvW}B VwQ G}=Dv =@ |]NQ}e
R= 'xOv}=Ri |m}t=v}O Q@u=tR R}r=v; R= xO=iDU= |=Hx@ u=wD|t u}=Q@=v@ "OQ=O |@ wN
=@ |H}=Dv x@ w OQm xO=iDU= QDtm Q=}U@ C=@U=Lt sHL =@ w Ot=U@ |xRwL QO pL

"O}UQ ?wN CkO
|}=U=vW u}vJty w |O=yvW}B sD} Qwor= w \@=wQ QDy@ |x�=Q= Qw_vt x@ u}vJty
u}= R= "CU= xOW x�=Q= |ak=w |=yOQwmQ |Q}oQ=mx@ R= pY=L G}=Dv 'u; OQ@ Q=m QDy@
"4 CUw}B QO =yOQwmQ u}= C=YNWt "CU= xOW xDiQo Q_vQO |ak=w OQwmQ 20 'wQ
`@=D u}}aD =@ "Ov=xOW T=}kt u=Um} |xv}W}@ ?=DW x@ =yOQwmQ |t=tD "CU= OwHwt
x@U=Lt p@=k |ak=w |=yOQwmQ CLD sDU}U MU=B u}ov=}t '=yOQwmQ |i}] |r=oJ
|ak=w OQwmQ 20 CLD O=R; |xHQO l} sDU}U |W}=Ri= |m}t=v}O |vLvt "CU=

"CU= xOW xO=O u=Wv 12 pmW QO Ot=U@ |xRwL QO pL j} Q] R= u}vJty w
|m}t=v}O p}rLD 20 R= pY=L G}=Dv 'CU= OwyWt 12 pmW R= xm Qw]u=ty
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or=`} RwD '|O=yvW}B sD} Qwor= "CU= xOW x�=Q= |]N pO=at sDU}U Ot=U@ |xRwL
x�=Q= xDU@ |r}rLD pL l} ?r=k QO =Q u; |xv}W}@ w xR=U u=mtQ}}eD |Dq=tDL=
=Q =v=tQ}e |=ypOt OQ@ Q=m |yHwD p@=k u=R}t x@ 'xOWx�=Q= VwQ u}vJty "OyO|t
=v=tQ}e Ov}=Qi ?} QkD R= xO=iDU= =@ VwQ u}= "Ovm|t u=U; |UOvyt |=yC}r=ai QO
C} Rt "Oy=m|t =v=tQ}e Ov}=Qi x@ \w@ Qt |D=@U=Lt CqmWt R= =v=t Ov}=Qi \UwD
K]U l} QO =yxR=U |}xRQr R=}v u}vJty w MU=B |xv}W}@ u}}aD VwQ u}= |rY=
Q@ "CU= xOQDUo |m}t=v}O |=yp}rLD s=Hv= x@ R=}v uwO@ 'XNWt ẁkw p=tDL=
|O=} R O=OaD R= pY=L G}=Dv =@ xOWx�=Q= VwQ G}=Dv 'xOt;CUOx@ |r}rLD G}=Dv j@]

"OQ=O |@ wN j=@]v= |]NQ}e |m}t=v}O p}rLD

j=@]v= 'CU= Ot=U@ |xRwL QO pL Q@ |vD@t xm |O=yvW}B VwQ G}=Dv =@ |]NQ}e
[23]"CU= =yOQwmQ sm O=OaD Cra x@ xOWxOy=Wt hqDN= w OQ=O |@ wN

|Q}oxH}Dv "4
w hOy u=mtQ}}eD u}vJty w MU=B |Dq=tDL= `} RwD u}}aD |=Q@ |r}rLD |WwQ
|xHQO OvJ w O=R; |xHQO l} |m}t=v}O |=ysDU}U |xOv}=Ri |m}t=v}O |vLvt
QO pL w |]NQ}e |xOwOLt QO |iO=YD C=W=aDQ= |Qw�D \U@ T=U=Q@ O=R;

=yCWwv=B
1. record-to-record uncertainties
2. closed form
3. iteration
4. Barbato
5. Schenk
6. Bouc-Wen
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=@ l} QLD CLD xOW|]N uw � lw@ sDU}U Q=}at h=QLv= Q=Okt "2
=v=tQ}e Ov}=Qi

pY=L |v=tR `@=D l} QO =v=t CW=ov?=DW l} ?Q[ R= =v=tQ}e CW=ov?=DW
%OwW|t

F = A(t):W

x@ =Q =v=t CW=ov?=DW xm 'CU= |v=tR QDr}i A w =v=t CW=ov?=DW W u; QO xm
'OW=@ xDW=O Sg(w) |i}] |r=oJ =v=t CW=ov?=DW Qo = "Ovm|t p}O@D =v=tQ}e
|R=U=OH VwQ R= xO=iDU= =@� =@ CU= Q@=Q@ =v=tQ}e CW=ov?=DW |i}] |r=oJ

%�=yQ}eDt
SF (w; t) = A2(t):Sg(w)

CQwY u}= x@ =v=tQ}e Cr=L QO Tv=} Q=w 'O=R; |xHQO l} sDU}U l} |=Q@ u}=Q@=v@
%CU=

�2
Xns(t) =

Z
SF (w; t):H2(w)dw =

Z
Sg(w):A2(t)H2(w)dw

�2
Xns(t) =

Z
SF (w; t): H2(w)dw = A2(t)

Z
Sg(w):H2(w)dw

�2
Xns(t) = A2(t)�2

Xs

"CU=v=tQ}e w =v=tl} QLDCLD sDU}UTv=} Q=w '?}DQD x@ �2
Xns w �2

Xs u; QO xm

XNWt ẁkw p=tDL= =@ u=mtQ}}eD |xv}W}@ "3
%=@ CU= Q@=Q@ xv}W}@ u=mtQ}}eD |Dq=tDL= `} RwD

p(x) = 1
x�
p2� e

�(Ln(x)��)2=2�2

u=mtQ}}eD Q=}at h=QLv= w xv}W}@ u=mtQ}}eD u}ov=}t Q=Okt ?}DQD x@ � w � u; QO xm
%=@ CU= Q@=Q@ xv}W}@ u=mtQ}}eD |atHD `} RwD "OvDUy xv}W}@

CDF = 1
2 + 1

2erf
�

ln(x)� �
�
p2

�
u=mtQ}}eD Q=Okt 'p0 Ovv=t |YNWt Q=Okt =@ |atHD `} RwD uO=OQ=Qk |w=Ut =@

"CU= x@U=Lt p@=k OYQO p0 O=ONQ p=tDL= =@ sDU}U |xv}W}@

|ak=w |=yOQwmQ C=YNWt "4

CUw}B
VywSB u}= QO xOW|R=U|]N uw � lw@ pOt |Ot=U@ MU=B `@=D "1
%CU= CQwY u}= x@ xOW|]N uw � lw@ |Q=DiQ pOt =@ |O=R; |xHQO l} sDU}U
m �x + c _x + �k x+ (1� �) k z = �m �ug(t)

_z = ce _x + ke z

CQwYx@ =yMU=B 'OwW xDiQo Q_vQO |}=tv `@=D l} CQwYx@ |OwQw l} QLD Qo =
%OvDUy CQwY u}= x@ |}=tv

�ug = ei!t; x = H(!)ei!t; _x = i!H(!)ei!t

_z = ce _x+ kez ! _z � kez = cei!H(!) ei!t

=@ "CU= pw= |x@DQt p}Uv=Qi}O |xrO=at l} 'z jDWt R= xOt;CUOx@ |xrO=at
%Ow@ Oy=wN CQwY u}= x@ xrO=at |xW} Q '|r}Uv=Qi}O QwD=QB= R= xO=iDU=

D � ke = 0 ! D = ke ! ke 6= i!

xrO=at CU=Q CtU |}=tv `@=D u=wD Q=Okt =@ pw= |x@DQt |xrO=at |xW} Q xm |v=tR
`@=D QO |}xrtH OvJ `@=D l} ?Q[ =@ Q@=Q@ p}Uv=Qi}O |xrO=at MU=B 'OW=@v Q@=Q@
CU=Q CtU QO |}=tv `@=D ?} Q[ =@ xHQOsy '|}xrtH OvJ u}= "CU= |}=tv
x@ z MU=B 'CU= C@=F ?} Q[ l} |}=tv `@=D ?} Q[ xm |}=Hv; R= "CU= xrO=at

%Ow@ Oy=wN CQwY u}=
z = Aea t

%=@ Ow@ Oy=wN Q@=Q@ A Q=Okt 'p}Uv=Qi}O |xrO=at QO z |Q=Po}=H =@
A = ce i! H(!)

(i! � ke)
%=@ CU= Q@=Q@ z Q=Okt xOt;CUOx@ ?}=Q[ R= xO=iDU= =@

z = ce i! H(!)
(i! � ke) ei! t

u}= x@ uw � lw@ |xrO=at QO u=mtQ}}eD w CaQU '?=DW 'z Q=Okt |Q=Po}=H =@
%Ow@ Oy=wN CQwY

�ug = ei!t; x = H(!)ei!t; _x = i!H(!)ei!t

�x = �!2H(!)ei!t; z = cei!H(!)
(i! � ke) e

i!t

m�x+ c _x+ �kx+ (1� �)kz = �m�ug(t)

m(�!2H(!)ei!t) + c(i!H(!)ei!t) + �k(H(!)ei!t)

+(1� �)k(cei!H(!)
(i! � ke) e

i!t) = �mei!t

%OW Oy=wN pY=L x]@=Q u}= 'H R= |Q}oQwDm =i w hQ] wO R= |}=tv `@=D hPL =@
H(!) = �m
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xirwt ?=DW xv}W}@ ẁv x=oDU}= pUo R= xrY=i |oQR@ p=U pLt OQwmQ s=v xQ=tW|@=NDv= xirwt l =N (km) ID
Y X

X 0 116 0 114 C Fortuna-Fortuna Blvd 23 6 7 1 1992 Capr Mendocino FOR 1
X 0 385 0 549 C Rio Dell Overpass-FF 18 5 7 1 1992 Capr Mendocino RIO 2
Y 0 107 0 134 C Lamont 1061 15 6 7 1 1999 Duzce 1061 3
X 0 242 0 273 C NFaning Rd 23 9 6 7 1994 Northridge FAR 4
Y 0 24 0 162 C Fletcher Dr 29 5 6 7 1994 Northridge FLE 5
Y 0 126 0 17 C GHroy Aray#6 19 9 6 9 1989 Loma Prieta G06 6
X 0 244 0 24 C Anderson Dam(Downst) 21 4 6 9 1989 Loma Prieta AND 7
X 0 064 0 077 C Anderson Dam(Abut) 21 4 6 9 1989 Loma Prieta ADL 8
X 0 16 0 179 C Coyoto Lake Dam 22 3 6 9 1989 Loma Prieta CLD 9
Y 0 564 0 514 C Castaic-Old Ridge Route 22 6 6 7 1994 Northridge ORR 10
Y 0 239 0 168 C LA-Baldwin Hills 31 3 6 7 1994 Northridge BLD 11
X 0 617 0 44 C Beverly Hills-12520 Mulhol 20 8 6 7 1994 Northridge MU2 12
Y 0 163 0 245 C Big Tujunga,Angeles Nat F 24 6 7 1994 Northridge TUJ 13
X 0 256 0 222 C La-Century City C North 25 7 6 7 1994 Northridge CCN 14
X 0 225 0 185 C LA-Chalon Rd 23 7 6 7 1994 Northridge CHL 15
X 0 127 0 157 C Sunland-Mt Gleason Ave 17 7 6 7 1994 Northridge GLE 16
Y 0 12 0 163 C urbank-Howard Rd 20 6 7 1994 Northridge HOW 17
X 0 136 0 246 C Hollywod-Willoughby A 25 7 6 7 1994 Northridge WIL 18
X 0 151 0 139 C Vasquez Rocks Park 24 2 6 7 1994 Northridge VAS 19
X 0 324 0 268 C Castaic-Old Ridge Route 24 9 6 6 1971 San Fernando SORP 20
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