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�DM� |}xRQr R=}v QDt=Q=B T=U=Q@ �IDA� xOv}=Ri |m}t=v}O |=yp}rLD 'Qw_vt
'C}=yvQO [10]"OwW|t s=Hv= �IM� u}tR CmQL COW hrDNt Kw]U QO Q_vOQwt
'|}xRQr MU=B |Dq=tDL= `} RwD |x}=B Q@ OQmrta Kw]U O=ONQ p=tDL= |x@U=Lt =@
|x@U=Lt =@ '�2020� |t_=mO}U w |�wiQ "OvwW|t x@U=Lt |oOvvmW |=yQ=Owtv
Q@ =Q |vwt=Q}B |Ov@ Qm}B |=}=wR w xv=yO pw] C=Q}}eD Q}F-=D '|oOvvmW |=yQ=Owtv
V}=Ri= xm OvDi=} QO w OvOQm |@=} RQ= |Q]k |xm@W |=yxR=U |L=Q] C=YNWt
|xm@W |=yxR=U |]NQ}e Q=DiQ C=YNWt QO |yHwD p@=k Q}F-=D '=yxv=yO pw]
�R� Q=DiQ ?} Q[ QO |]}Lt ?Qwt |=yu=tr= |x} w=R Q}F-=D R}v w OQ=Ov |Q]k
|OtLtr=O@a w |O=Qt [11]"OQ=OxR=U `=iDQ= x@ |oDU@=w '|Q]k |xm@W |=yxR=U
Q}O=kt '|Q]k |xm@W |=yxR=U QO |oOvvmW |=yQ=Owtv |x@U=Lt |=Q@ '�2020�
|xYNWt QDt=Q=B xm OvDi=} QO w OvOQm ^=Lr =Q |Q}tN |WvQm |SQv= MU=B
sw=kt CrmU= |oOvvmW `@=wD |=Q@ =Q |QD?U=vt |@=} RQ= 'Ci} QO hqNQ@ |SQv=
p}rLD s=Hv= =@ R}v �2021� u=Q=mty w u=}Je=@O [12]"CW=O Oy=wN p=@vO x@
|]NQ}e Q=DiQ |UQQ@ x@ '|oOvvmW |=yQ=Owtv G=QNDU= w xOv}=Ri |m}t=v}O
|]}Lt |UOvy |wor= QO C} RmQt R= GwQN |=Q=O |Q]k |xm@W |=yxR=U
|Ov@ Qm}B QO 5|WQ@ |xOvvmpYDt |=yQ}D R= xO=iDU= xm OvDi=} QO w OvDN=OQB

16



2/
2|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

"|D=ar=]t |xk@] 24 |=yxR=U |=tv "1 pmW

'u=tDN=U |rt C=QQkt sWW EL@t T=U=Q@ "Ov=xOW xDiQo Q_v QO |}xRQr O=} R
w C=k@] |xty |xOvR Q=@ w `@ QtQDt Q@ sQowr}m 500 =@ Q@=Q@ C=k@] |xOQt Q=@
[21]"CU= xOW u}}aD `@ QtQDt Q@ sQowr}m 150 w 200 ?}DQD x@ Z = H R=QD
|]NQ}e Q=DiQ h} QaD OvtR=}v '|@v=H sw=kt |=ysDU}U |}xRQr OQmrta |@=} RQ=
ASCE/SEI 41�17 \@=w[ x@ xHwD |x}=B Q@ "CU= |}xR=U <=[a= |=Q@
'uwDU � Q}D |=yu=tr= |]NQ}e OQmrta |xRwL 'FEMA P-795 VQ=Ro w
Q=DiQ QDW}@ Owtv =@ ?}DQD x@ |D=ar=]t |=yxR=U QO |Q]k |=yu=tr= w Q}D
xDi=} X=YDN= RmQtDt pYit CQwYx@ |QwLt w |WtN '|WtN � |QwLt
xOy=Wt =yxR=U |=yu=tr= |]NQ}e Q=DiQ C=YNWt '3 pmW QO [23w22]"CU=

"OwW|t
T=U=Q@ =yxR=U |=Q@ u=UWm Q=DiQ C=YNWt h} QaD C}ty= x@ xHwD =@
CQwYx@ |}xR=U |=yu=tr= |=Q@ |Oqwi |=yMQt}v `]=kt 'ASCE 7�10\@=w[
|Dtw=kt |=yC@Uv pQDvm u}vJty [24]"Ov=xOW xDiQo Q_v QO 4 |r= 1 |=ypwOH
w R}r=v; "CU= xOW O}}-=D |D=ar=]t |xR=U 4 Qy |=Q@ CNU |WJ}B Q=DiQ |Q=QkQ@ w
|]}Lt |WtN ?=k |xR=U w |Q]k |xm@W |D=ar=]t |=yxR=U |L=Q] |@=} RQ=
[26w25]"CU= xOW s=Hv= Perform�3D w Sap2000 |=yQ=Ri=sQv QO xOW xDUO
|=yxR=U |xS} w Q}O=kt w =yQ=OQ@ 'p=Owt C=YNWt|m}ORvVHvU '5 pwOH j@=]t
Q_=vDt G}=Dv =@ |ovy=ty QO 'Perform�3D Q=Ri=sQv \}Lt QO xOW =B Q@ |D=ar=]t

"OwW|t O}}-=D Sap2000 Q=Ri=sQv R= pY=L

|@=NDv= |xrRrR |=yOQwmQ "2"2
'CaQU |v=tR |xJN} Q=D QO Tr=B Qw[L ?@U x@ l}ORv |xRwL |=yOQwmQ
"Ovvm|t p}tLD =yxR=U x@ QwO |xRwL |=yOQwmQ x@ C@Uv =Q |O=} R |W@vH |SQv=
|i}] CaQU |xir-wt 'pUo l}ORv u=O}t QO u}tR OvtwQ}v |=yV@vH 'u}vJty
'x} Qwi h}] QO �RDQy 10 R= QDtm � |SQv=QB |=yOt=U@ QDl} Q=@ |=vyB =@ Ov=@ w QDq=@
XwYN x@ l}ORv |xRwL |=yOQwmQ Tr=B "OvQ=O QwO |xRwL |=yOQwmQ x@ C@Uv
QO [27]"Ovm|t O=H}= =yxR=U QO =Q |O=} R |}xRQr R=}v 'xOvwQV}B |Q=OCyH QF= =@
QO |SQv=QB |=yl}=BU= w Tr=B xm OvDi=} QO �2011� u=Q=mty w |DLY xQ=@ u}=
xHwD p@=k Q=F; O=H}= ?@U Ov=wD|t 'OvtwQ}v |=yOQwmQ CaQU |v=tR |xJN} Q=D
|xRwL |}xir-wt xU OQwmQ 10 'Q[=L VywSB QO [28]"OwW =yxR=U QO P ��

"|D=ar=]t |=yxR=U uqB "2 pmW

xOy=Wt 1 pmW QO |D=ar=]t |=yxR=U |=tv "CU= xOW |D=@U=Lt `t=H |@=} RQ=
"OwW|t

VywSB u=tR=U w VwQ "2
|D=ar=]t |=ypOt |L=Q] "1"2

C=YNWt Q@ |]}Lt |Ov@ Qm}B |=}=wR Q}}eD |@=} RQ= Qw_vtx@ 'Q[=L VywSB QO
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|=yQ=DN=U u}= xm OyO|t u=Wv |Q]k |xm@W |=yxR=U |=Q@ IDA |=yQ=Owtv
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R}v VR} QwQi |xv=DU; OQmrta =@ ?U=vDt ?=DW K]U '|]}Lt |Ov@ Qm}B ?Qwt
|xm@W |=yxR=U QO |FrFt |=ypwOt O=OaD V}=Ri= =@ u}vJty "O@=}|t Vy=m
|xDmv "OW Oy=wN Q=O}OB |DNU Vy=m w Ctw=kt p=wR QD`} QU OvwQ l} '|Q]k
?PH C}r@=k 'xHQO 49 |Ov@ Qm}B |=}=wR =@ |Q]k |xm@W |xR=U 'xmv; Qo}O
u=Wv Q[=L VywSB G}=Dv "OQ=O |D=ar=]t |=yxR=U Q}=U x@ C@Uv |QDW}@ |SQv=
Ov=wD|t '|@v=H Q@ Q=@ sDU}U u=wva x@ |]}Lt |Q]k |Ov@ Qm}B R= xO=iDU= xm O=O

21



"""|
xm@W

|=y
xR=U

|}x
RQr|

Qw;?
=DR}

r=v;[35w34]"Ci} QO Q=}at =@ |}xRQr OQmrta Kw]U |xOwOLt "7 pwOH
VR} QwQi |xv=DU; |v=H |vt}= xikw|@ |xO=iDU= u=UWm Q=DiQ |xv=Qm OQmrta K]U�CP� �LS� �IO� �PL�

�4 �2 �1 �0=5 �OYQO� Ci} QO |xv}W}@ R=Ht Q}O=kt

"hrDNt |OL Cq=L |=Q@ |D=ar=]t |=yxR=U |oOvvmW |=yQ=Owtv "10 pmW

'xrRrR ?=DWV}=Ri= =@ xm OyO|t u=Wv xr�Ut u}= "CU= |Q]k |xm@W |=yQ=DN=U
"OwW|t O=H}= xOW xDUO |]}Lt |WtN ?=k |xR=U QO |oQR@ |=ypmWQ}}eD
|=Q@ '10 w 9 |=ypmW =@ j@=]t |oOvvmW |=yQ=Owtv Q=DN=U ?}W u}vJty
V}=Ri= =@ xm CU= u; |xOvvmu=}@ |D=ar=]t |=yxR=U |r=tDL= VR} QwQi C}a[w
|WtN ?=k |xR=U QO |rY= |=yu=tr= |=Q@ Vv=tm Owt ẁkw '|}xRQr COW
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|}xRQr Q=DiQ pQDvm |xOwOLt |R=Uu}at '1 Q@=Q@ C}ty= ?} Q[ ZQi =@ 'C}=yvQO
"OW s=Hv= xOWxDUO |]}Lt |WtN ?=k |xR=U w |Q]k |xm@W |=yxR=U |=Q@
T=U=Q@ |D=ar=]t |=yxR=U |Q}PB Q]N |xOwOLt u}}=B w q=@ u=Qm '12 pmW QO

"OwW|t xOy=Wt 8 |x]@=Q QO B ?=DR=@ ?} Q[ |xv}tm w xv}W}@
OvyO|t u=Wv �9 pwOHj@=]t�|D=ar=]t |=yxR=U pQDvm |xOwOLt C=@U=Lt
u}vJty "OvQ=O xrRrR COW |=Q@ |QDq=@ VQ}PB OL 'QDtm ?w=vD |xQwO =@ |=yxR=U xm

|xm@W |xR=U 'xOt; CUOx@ G}=Dv j@] Q@ "OyO Vy=m sw=kt CrmU= QO =Q
Q@=Q@ QO =Q u=v}t]= K]U u} QDW}@ 'xHQO 49 |]}Lt |Ov@ Qm}B |=}=wR =@ |Q]k
pwYL Qw_vt x@ 'u}=Q@=v@ "OQ=O |}xRQr OQmrta |=yC}a[w R= CWPo =Qi p=tDL=
h} QaD '|Q]k |xm@W |=yxR=U QO |@=QN u} QDtm O=H}= =@ |]NQ}e Q=DiQ C}a[w
|RQ=sy ^iL =@ x=Qty |vwt=Q}B ?Qwt |=yu=tr= |Ov@ Qm}B |wor= |=Q@ QDtm |=}=wR
KQ] l} x@ uO}UQ |=Q@ =Q |QD?wr]t G}=Dv Ov=wD|t 'Ctw=kt w |DNU |=yQDt=Q=B

"OW=@ xDW=O |B QO sw=kt CrmU= |xDi=}Ow@y@
|}xRQr ?=DW K]U QO VR} QwQi |xv=DU; |OL Cr=L R= CWPo =Qi p=tDL=
|xR=U w xHQO 74 w 67 '49 |Ov@ Qm}B |=}=wR =@ |Q]k |xm@W |=yxR=U |=Q@ 1g
"CU= OYQO 35 w '18 '14 '6 =@ Q@=Q@ ?}DQD x@ xOWxDUO |]}Lt |WtN ?=k
K]U QO |D=ar=]t |=yxR=U |oOvvmW Q=Owtv |r}rLD Q=DN=U 'T=U= u}ty Q@
|xm@W |=yxR=U sw=kt CrmU= C}r@=k w |}=v=wD xm OyO|t u=Wv �CP� OQmrta
|xRwL OvtwQ}v |=yOQwmQ CLD |m}t=v}O |rm |Q=O}=B=v ẁkw R= |Q}owrH QO |Q]k
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1. Diagrid structure
2. Moment frame
3. Incremental dynamic analysis (IDA)

4. Fragility Curve
5. Shear-link beam
6. Bruneau & Reinhorn
7. Cimellaro
8. Robustness
9. Redundancy
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10. Resourcefulness
11. Rapidity
12. Liu & Fang
13. Forward directivity
14. Backward directivity
15. Neutral directivity
16. Northridge
17. Imperial Valley
18. Loma Prieta
19. Peak ground acceleration (PGA)
20. Post-linear (PL)
21. Immediate occupancy (IO)
22. Life safety (LS)
23. Collapse prevention (CP)
24. Hard resilience
25. Quality of structures
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