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|} wv=R Ovw}B |xw}W R= u}vJty "OwWv OQ=w xR=U Qo}O <=[a= x@ |@}U; xm |Qw]x@
R= |W=v |xO}O ?}U; =} w OwHwt |=yxR=U |R=Uy@ w |R=Usw=kt |=Q@ u=wD|t

"OQm xO=iDU= xrRrR
|} wv=R p=YD= =@ |Oqwi ?=k sDU}U Q=DiQ |xU}=kt Qw_vt x@ 'Q[=L Q=DWwv QO
QO u=H w p=@ |Pwiv pt=m VwH =@ Q=OQ}o p=YD= ẁv wO |xU}=kt w |WtN ?=k w
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sR}v=mt ẁv ^=Lr x@ sy u; |xv}y@ Q=Okt u=wvax@ 0 20 x@ l}ORv |OOa w OW
[9]"CU= xOW O=yvW}B |@v=H |DNU ^=Lr x@ sy w Q}PBpmW w ?wr]t |@=QN
O=} R R} w; x@ xHwD =@ xHQO 45 R= QDnQR@ � |=}=wR ?=NDv= xm CU= QmP x@ sRq
xWON Q=JO =Q sDU}U u}= |Q=tat ?wr]t |oS} w '|} wv=R |=yu=tr= hkU R=
?=k |=Q@ � |x} w=R Q=Okt w 0 18 OOa Q=Okt '1 pmW j@=]t wQ u}= R= "Ovm|t
xOW ?=NDv= xHQO 35 'xk@] 3 ?=k |=Q@ w xHQO 45 'xv=yO l} w xk@] l}

"CU=

|iQYt Kr=Yt "2
ST37 Oqwi C=YNWt "1"2

pwOt '?amtQDt Q@ sQowr}m 7850 XwYNt uRw =@ OqwiTvH R= xDiQ Q=mx@ Kr=Yt
'`@ QtQDt|r}t Q@ uDw}v 240 s}rUD VvD '`@ QtQDt|r}t Q@ uDw}v 200000 |v=UWm
Q}_v VvQm '0 3 uwU=wB ?} Q[ '`@ QtQDt|r}t Q@ uDw}v 370 |oDN}Uo VvD

|=Q@ |}x@aH `]kt l} |D=ar=]t |] R}v 2001 =D 1991 |=yp=U u}@ "OQ}o
OW |L=Q] |Q=Wi |wQ}v Q@=Q@ QO |Q]k u=tr= w O=yvW}B |Q]k w |} wv=R |=yu=tr=

[5w4'1]"OW ?=k |@v=H |DNU w Ctw=kt V}=Ri= Ea=@ xm
pmW w `]=kt hrDNt |=yC@Uv '2000 p=U QO |}xar=]t QO u}vJty
|UQQ@ u; |xv}y@ OQmrta uOQw; CUOx@ hOy =@ |} wv=R Ov@ Q=yt ?=k |UOvy
`]=kD pLt R= |Q]k w[a Qw@a ZQi =@ xm Ow@ u}= VOQw=DUO u} QDsyt xm [6]'OW
Q]k |R=wt |} wv=R u=tr= xm O};|t CUOx@ |Dkw ?=k |DNU u} QDW}@ 'uwDU w Q}D
x@ |@}mQD |}xR=U sDU}U l} QO |} wv=R u=tr= R= R}v '2010 p=U QO "OW=@ ?=k
R= xO=iDU= =@ =D 'OW xO=iDU= �KBMF� |} wv=R |xOW|Ov@ Q=yt |WtN ?=k s=v
|WtN Qovr |xv}W}@ 'OvwW |Q=H Q=Wi w VWm QO Ovv=wD@ xm |} wv=R |=yu=tr=
sDU}U l} ?}DQD u}= x@ w OwW OwOLt uwDU x@ Q}D p=YD= |x}L=v x@ |r=kDv=
x�=Q= 'OW=@ xDW=O R}v |@U=vt |@v=H |DNU p=L u}a QO xm Q}PBpmW |}xR=U

[7]"OW
sDU}U QO '2014 p=U QO Q}PB=vVv=tm |} wv=R |=yu=tr= R= xO=iDU= u}vJty
|}xvwox@ |L=Q] |xiUri w OW |UQQ@ �BRKB-TMF� |}=B QN |WtN ?=k
|=yu=tr= w Ovv=t@ |k=@ u=UWm Cr=L QO xR=U |=yuwDU w |}=B QN |=yQ}D xm Ow@
|SQv= lqyDU= w ?PH x@ xm OvOw@ xOW |Q=Po|=H |Qw] Q}PB=vVv=tm |} wv=R
?} Q[ |xU}=kt x@ '2015 p=U QO R}v |Qo}O |xar=]t QO [8]"OvR=OQB@ |}xRQr
p}rLD R= xO=iDU= =@ |WtN ?=k sDU}U QO |} wv=R p=YD= =@ ?=k |Q}PBpmW Vy=m
V}=Ri= Ea=@ |} wv=R |=yOv@ Q=yt R= xO=iDU= xm OW xO=O u=Wv w xDN=OQB Qw)=VwB
pLt x@ |DNU V}=Ri= u}= w OwW|t |Oqwi |=y?=k |@v=H |DNU Q}osWJ

[9]"CU= xDU@=w |} wv=R Ov@ Q=yt |Q}oQ=Qk
w |Ov@ Q=yt |=y?=k |O}rm |=y|oS} w xm |}xR=U sDU}U 'Q[=L Q=DWwv QO
?=k xm |}xR=U u; QO xm &CU= xOW x�=Q= 'Ovm|t ?}mQD sy =@ =Q |WtN ?=k
|rYit Cq=YD= \UwD =yQ}D |=yDv= QO 'OwW|t xO}t=v |} wv=R Cq=YD= =@ |Oqwi
p=YD= =@ x=Dwm |} wv=R u=tr= l} \UwD uwDU w Q}D w pYDt =yuwDU x@ �xO=U�

"�1 pmW� OvwW|t pYDt Qo}Oty x@ |rYit
l} |=H x@ |}x}L=v ?rY p=YD= l} `k=w QO 'QwmPt |}xR=U sDU}U QO
=@ u=wD|t xm OwW|t O=H}= |WtN ?=k sDU}U QO OwHwt RmQtDt ?rY p=YD=
|=y|oS} w^iLut[QO QwmPt sDU}U|=yu=tr=?U=vt|Ov@C=}�RH w|Ov@ Qm}B
u=mt Q}}eD %xrtH R= |WtN ?=k sDU}U QO OwHwt CqmWt Q@ '|Q=tat ?wr]t
C=}�RH =@ Q=OQ}o Cq=YD= |=QH= w |@v=H |DNU uOw@ u}}=B R= |W=v O=} R |@v=H
j�=i |OwOL =D 'CUq=@ |UQR=@ w =QH= 'CN=U |SwrwvmD OvtR=}v xm Q}o =B w CUO

"Ot;

"|}wv=R p=YD= =@ ?=k |Ov@ Qm}B "1 pmW

68



1/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

|m}D=tv}U|oOvwWCNU Oa=wk QO s}rUD Kw]U C=Q}}eD |xwLv |xU}=kt "3 pmW
"|m}B wQDwR}= w

=RHt CQwYx@ l}D=tv}U w l}B wQDwR}= |oOvwWCNU pOt wO Qy R= xU}=kt \}=QW
"CU= xOW xO=iDU=

xv=yO l} w xk@] l} |=y?=k |UQQ@ "3
|R=UpOt "1"3

"CU= xOW xO=iDU= Shell |}xDUwB u=tr= R= |Oa@xU ?=k <=[a= |R=UpOt QO
'CU= ?rY Cq=YD= |t=tD u; `@D x@ w CU= xJQ=Bl} |WtN ?=k |Oa@xU pOt
ut}Wv |W@v R= |} wv=R ?=k QO uwDU x@ Q}D |rYit p=YD= |R=UpOt Qw_vt x@ =t=
xDN=U pmW I `]=kt R= =yuwDU w =yQ}D "CU= xOW xO=iDU= |D} wkD |mJr x=Qty x@
Q=OQ}o CQwYx@ R}v =yx=ox}mD "OvQ=O pmW|]wk `]kt '|} wv=R |=yu=tr= w Ov=xOW
QDt 3 4 `=iDQ= w QDt 5 ?=k |xv=yO pw] '|Oa@xU pOt QO "Ov=xOW xDiQo Q_v QO
x@ xOvvm CNU OOa wO 'Q}D x@ |} wv=R u=tr= p=YD= pLt QO =yQ}D pN=O QO "CU=
hQ] wO R= xm CU= xOW x}@aD QDt|r}t 80 |=vyB x@ w Q}D u=H `=iDQ= w Ct=N[

"OvOw@ pYDt p=@ x@ w OvDW=O Q=Qk u=H pN=O QO
pt=m Qw] x@ `]=kt C=YNWt xm OvDUy C4 uwDU `]kt w B1 Q}D `]kt
Q}D p=YD= pLt QO "CU= xOW x�=Q= CUw}B VN@ 1�A pmW w 1-A pwOH QO
p=@ jQw Ct=N[ x@ Q}D p=@ wO |=DU=Q QO xOvvm CNU OOa wO R= =yuwDU p=@ x@
xOW xO=iDU= uwDU pN=O QO QDt|r}t 100 |=vyB x@ w uwDU u=H `=iDQ= w Q}D
900 pw] x@ (BOX90X5)K1 pmW |]wk `]kt R= |} wv=R |=yu=tr= "CU=
R= uwDU w Q}D x@ |} wv=R u=tr= p=YD= "Ov=xOW xDN=U QDt|r}t 5 Ct=N[ w QDt|r}t
s=Hv= xQ=W= OQwt |=yxOvvm CNU x=Qty x@ QDt|r}t 120 Ct=N[ x@ jQw j} Q]
|wQ}v C}iQ_ T=U=Q@ uwDU w Q}D x@ |} wv=R u=tr= p=YD= jQw u}vJty "CU= xOW
|aU u; |x@r QO xOvvm CNU R= xO=iDU= =@ w xOW |L=Q] |} wv=R u=tr= |QwLt

"OwW |Q}owrH p=YD= jQw Vv=tm R= =D CU= xOW

�Pushover� Qw)=VwB p}rLD "2"3
=@ ?=k w |WtN |xk@] l} ?=k Q=DiQ |xU}=kt Qw_vt x@ pw= |xar=]t QO
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|x}L=v QO u; |@v=H |DNU w �12 5 OwOL �xDUw}B |vLvt� |} wv=R p=YD= =@
"CU= xDi=} V}=Ri= �u}J\N |vLvt� |WtN ?=k x@ C@Uv �20 OwOL u=UWm
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'Ovm|t C}a@D Steel02 Kr=Yt VvQm w VvD Q=DiQ R= xm 5|Q@}i `]=kt =@ w
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|}xR=U w[a u=mtQ}}eD � wQ}v |Q=DiQ |vLvt R= x]kv 3 C=YDNt uOQmOQ=w w
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xDi=} Vy=m |WtN ?=k x@ C@Uv p=YD= |x}L=v QO |WQ@ |=yVvD Q}O=kt
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Q=Okt u}}aD |=Q@ |Q=QmD |xUwQB u}= "OQm ZQi u; |=Q@ |L=Q] QO |QDnQR@
"OQ}o s=Hv= O}=@ =yxvwtv O=} R O=OaD =@ O}OH |}xR=U |=ysDU}U Q=DiQ ?} Q[ j}kO
|m}t=v}O p}rLD R= pY=L G}=Dv Q}UiD |=Q@ OvtOwU |Q=t; |=yp}rLD R= |m}
|oOvvmW |vLvt O}rwD Ov}=Qi "CU= xR=U |oOvvmW |=y|vLvt |x}yD '|W}=Ri=
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=yuwDU R= p@k sy w |} wv=R |=yu=tr= R= p@k sy =yQ}D xm OQm |Ov@C=}�RH |Qw]

"Ovvm lryDUt =Q xR=U x@ |OwQw |SQv= w OvwW s}rUD VtN QO

|}xRQr |L=Q] |=Q@ "OvwW |}xRQr |@=} RQ= w p}rLD FEMA-P695 ptar=QwDUO
|WtN s}rUD R= u=wD@ u; QO xm |tR}v=mt R= OwW|t O=yvW}B |} wv=R p=YD= =@ ?=k
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1. Von Mises
2. panel zoon
3. hysteretic material
4. nonlinear beam-column
5. �ber
6. aggregator
7. truss
8. Pushover
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(mm3) (mm3) (mm3) (mm3) (mm4) (mm4) (mm2) (mm) (mm) (mm) (mm)

132480 620800 85483 546275 6838613 81941333 5440 8 10 160 300 B 1
167280 829800 108156 731588 9734080 128028000 6240 8 10 180 350 B2
199776 977472 129759 867404 11678336 156132864 7008 8 12 180 360 B3
305600 1340000 200149 1202807 20014933 228533333 8800 8 15 200 380 B4
373250 1822750 242310 1616314 26654166 355589166 10700 10 15 220 440 B5
140900 585640 90262 510387 6769666 66350347 5960 10 12 150 260 C1
306750 1037250 200225 922350 20022500 138352500 8700 10 15 200 300 C2
442800 1404000 288360 1246906 34603200 205740000 10800 12 15 240 330 C3
479550 1451250 312845 1292045 39105700 213187500 11100 12 15 250 330 C4
722700 1969440 471010 1745140 65941500 296673920 14640 15 18 280 340 C5
916875 2257500 600562 2007941 90084375 341350000 16500 15 20 300 340 C6
960960 2500800 601037 2201955 90155520 396352000 17760 18 20 300 360 C7
54250 54250 45648 45648 2054167 2054167 1700 5 5 90 90 K1
79632 79632 66717 66717 3335872 3335872 2256 6 6 100 100 K2
97452 97452 82080 82080 4514432 4514432 2496 6 6 110 110 K3
150500 150500 122424 122424 6733333 6733333 4000 10 10 110 110 K4
178864 178864 149633 149633 9726165 9726165 3904 8 8 130 130 K5
209344 209344 175879 175879 12311552 12311552 4224 8 8 140 140 K6
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[20]"|@=NDv= |=yCW=ov?=DW C=}YwYN "2"A pwOH
C@F x=oDU}= xrRrR xQ=tWu=tR=U x=oDU}= s=v �M� COW ẁkw p=U xrRrR s=v

USC Beverly Hills - Mulhol 6 7 1994 Northridge 1
USC Canyon Country-WLC 6 7 1994 Northridge 2
ERD Bolu 7 1 1999 Duzce, Turkey 3
SCSN Hector 7 1 1999 Hector Mine 4

UNAMUCSD Delta 6 5 1979 Imperial Valley 5
USGS ElCentroArray#11 6 5 1979 Imperial Valley 6
CUE Nishi-Akashi 6 9 1995 Kobe, Japan 7
CUE Shin-Osaka 6 9 1995 Kobe, Japan 8
ERD Duzce 7 5 1999 Kocaeli, Turkey 9

KOERI Arcelik 7 5 1999 Kocaeli, Turkey 10
CDMG Yermo Fire Station 7 3 1992 Landers 11

SCE Coolwater 7 3 1992 Landers 12
CDMG Capitola 6 9 1989 Loma Prieta 13
CDMG GilroyArray#3 6 9 1989 Loma Prieta 14
BHRC Abbar 7 4 1990 Manjil, Iran 15
CDMG El Centro Imp. Co 6 5 1987 Superstition Hills 16
USGS Poe Road�temp� 6 5 1987 Superstition Hills 17
CDMG Rio Dell Overpass 7 0 1992 Cape Mendocino 18
CWB CHY101 7 6 1999 Chi-Chi, Taiwan 19
CWB TCU045 7 6 1999 Chi-Chi, Taiwan 20

CDMG LA - Hollywood Stor 6 6 1971 San Fernando 21
""" Tolmezzo 6 5 1976 Friuli, Italy 22




