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u}at x=oDN=U l} |=Q@ =Q 22�hOy |=D=� =} 21�hOy uwr}UB=� u=wD|t xvwoJ
|=D= Q=Okt '=D= XN=W h} QaD QO xm CU= u; =Hv}= QO QmP p@=k |xDmv "OQm u}}aD
uwr}UB= |x@U=Lt ,qta =Pr w CU= xOW Qw_vt |w=Ut hOy uwr}UB= =@ hOy

"O=O |QUD hOy |=D= x@ =Q u; u=wD|t w xOw@ |i=m hOy

x=oDN=U Q]NhrDNt Kw]U |=Q@ hOy uwr}UB= u}}aD "5
u}= =@ xYNWt |xrRrR l} R= QF-=Dt \ki xm O}vm ZQi =Q |r;xO}= x=oDN=U

%CU= C=}YwYN
RP = 200 years %xYNWt |xrRrR CWoR=@ |xQwO ��

Mw = 7 2 %xYNWt |xrRrR |=oQR@ ��
R = 11 0 km %pUo =D x=oDN=U |xrY=i u} QDl}ORv ��

Vs 30 = 360 m/sec %x=oDN=U l =N |WQ@ Gwt CaQU ��
|x]@=Q lnSa(T ) > x |=Q@ �v� xv=}r=U CWPo =Qi MQv Cq=tDL= |Qw�D R=

%O};|t CUO x@ 6
� [lnSa(T ) > x] = �0P [lnSa(T ) > x jMw;R ] (6)

p=Ft u}= |=Q@ xm CU= xYNWt |xrRrR O=ONQ |xv=}r=U MQv �0 x]@=Q u}= QO
|oOvy=m |x]@=Q l} R= xOW|v}@V}B Q=Okt =@ Q@=Q@ x Q=Okt '=OD@= "CU= 1

200
%�7 |x]@=Q� CU= xOW ZQi (ln Sa(T ))

�
h
lnSa(T ) > lnSa(T )

i
= �0P

h
lnSa(T ) > lnSa(T ) jMw;R

i
= 1

400 (7)

ZQi =@ "CU= p=U 400 CWoR=@ |xQwO pO=at QiY uwr}UB= Cio u=wD|t u}=Q@=v@
8 |x]@=Q CQwYx@ " = 0 20 |=Q@ 5 |x]@=Q 'ln Sa(T ) |=Q@ p=tQv `} RwD l}
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=
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p=Ft |=Q@ "OQm x@U=Lt Q]N hrDNt Kw]U |=Q@ =Q hOy uwr}UB= u=wD|t ?}DQD
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QwmPt OvwQ =@ |wy=t Cw=iD uwr}UB= C=@U=Lt R}v |ak=w x=oDN=U l} |=Q@
QO OwHwt p=xO}= x=oDN=U hqNQ@ xm 'OQ=O OwHw xr�Ut u}= \ki "CW=O Oy=wNv

"|[Qi x=oDN=U l} Q]N hrDNt Kw]U |=Q@ hOy uwr}UB= "1 pwOH
��� p=U 50 QO O=ONQ p=tDL= hOy uwr}UB= CWoR=@ |xQwO

18 �0 80 250
10 �0 20 475
2 �1 40 2475

"|}xRQr VR} QwQi C}iQ_ Q@ uwr}UB= Q}F-=D "4 pmW
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Qw_vt H0 : � = 0 CQwYx@ QiY ZQi 'Qw_vt u}= |=Q@ "CU= C=@F= p@=k
u}}aD |=Q@ t uwtR; l} R= "CU= uwr}UB= R= MU=B |@=}u=}t \N ?}W � "OwW|t
xO=iDU= Q}N =} OQ=O |Q=O=vat |xrY=i QiY Q=Okt R= |]N |@=}u=}t ?}W =}; xmv}=
0 002 w 0 007 ?}DQD x@ =Hv}= QO Q_vOQwt sDU}U wO |=Q@ p Q=Okt "OwW|t
?}DQD u}O@ wCU= 0 05 pwtat |Q=O=vat K]Ul} R= QDtm xm 'CU= xOW x@U=Lt
ZQi CUQO=v p=tDL= O} -wt p Q}O=kt "OQ=O OwHw QiY ZQi OQ |=Q@ |i=m Oy=wW
p}rLD u}= "CU= |a]k uwr}UB= Q=Okt w MU=B u}@ \=@DQ= OwHw u}=Q@=v@ "CU= QiY
s=Hv= |Q}PBpmW w ?w=vD |xQwO =@ SDOF |=ysDU}U R= R=@ |xOwOLt l} |=Q@
?}W |wQ |Q=t; ZQi uwtR; C=}�RH [15]"CU= xOW pY=L |v=Um} |xH}Dv w
XN=W ,=Q}N= [16]"O}O |QtoDvwt j}kLD G}=Dv QO u=wD|t =Q |@=}u=}t |=ypOt

[17]%CU= xOW x�=Q= =D= s=v =@ h}] pmW R= |O}OH
� = 0 485 + 2 454"SA � 2 020"PGV (5)

uwr}UB= w ?=DW MU=B h}] uwr}UB= ?}DQDx@ "PGV w "SA 'x]@=Q u}= QO xm
CU= h}] pmW R= |QDOt;Q=m XN=W uwr}UB= =@ xU}=kt QO =D= "Ov=xv}W}@ CaQU
uwr}UB= XN=W T=U=Q@ CW=ov?=DW ?=NDv= [17]'xOWs=Hv= C=ar=]t |=v@t Q@ w
u}@ |Q=O=vat Cw=iD x@ wO u; R= l} Qy T=U=Q@ =yxR=U |]NQ}e p}rLD w =D= w

[17]"OwW|t QHvt =yxR=U MU=B
uDiQoQ_vQO uwO@ Sa(T ) COW |xHvU R= xO=iDU= OW XNWt xm p=L
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"hrDNt ?w=vD |=yxQwO QO uwr}UB= Q}O=kt |oDU@ty V}=tv "5 pmW
|Oy=W 'OL=w R= QDtm |oDU@ty ?}W "CU= Cw=iDt hrDNt ?w=vD |=yxQwO |=Q@
[25]'CU= xDiQo Q=Qk xHwD OQwt |oDU@ty u}= |UQQ@ "CU= UHS |OwOQt |=Q@
|v}@V}B |=Q@ 9 |x]@=Q 'xrRrR |=yCW=ov?=DW R= |O=} R O=OaD |xar=]t R= w

%CU= xOW O=yvW}B Qw=Ht ?w=vD |=yxQwO QO MU=B h}] Q=Okt
lnSa (Ti)� = lnSa(M;R; Ti) + �lnSa (Ti) � � � " (T1) (9)

'CU= Q_vOQwt ?w=vD |xQwO QO OQ=Ov=DU= Q=}at |@} Q= Q=Okt �lnSa x]@=Q u}= QO
Sa(T1) u}@ |oDU@ty ?}W �w xYNWt ?w=vD |xQwO QO hOy uwr}UB= "(T1)

[26]%CU= xOW O=yvW}B u; |=Q@ 10 |x]@=Q xm 'CU= Sa(Ti) w

� = 1� cos
�
�
2 �

�
0 359 + 0 163I(Tmin<0 189) ln Tmin

0 189
�

ln Tmax

Tmin

�
(10)

Q=Okt I QDt=Q=B "CU= Ti w T1 |xv}tm w xv}W}@ Q=Okt Tmin w Tmax x]@=Q u}= QO
h}] ,=Lq]Y= 'OwW s}UQD 10 |x]@=Q T=U=Q@ xm |i}] "CU= 1 =} 0 |k]vt
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?w=vD |xQwO OvJ QO CMS Q}O=kt =@ XNWt x=oDN=U l} |=Q@ p=U 2475
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uwRi= [18]"OwW|t |Dq=tDL= |@r=k QO Q]N `@=vt s=tD Q=F; `}tHD x@ QHvt xm CU=
xm [19]'CU= xOW |iQat R}v |Qo}O Ov}=Qi 'CU= xOWxDN=vW ,qt=m xm PSHA Q@
hrDNt |w} Q=vU 25CmQ=Wt syU 'PSHA G}=Dv |wQ Q@ 24u} R}@ p}rLD s=Hv= =@
26�|}xRQr Q]N l}miD� s=v =@ xm Ov}=Qi u}= |Q}oQ=mx@ =@ "OwW|t uWwQ Q]N
|x@U=Lt |=Q@ QwmPt Ov}=Qi w XNWt �?r=e |} w} Q=vU� 'CU= xOW xDN=vW

"OwW|t xDiQo Q=mx@ uwr}UB=

|}xRQr |OwQw ?=NDv= |=Q@ =yxt=vu}}; Q=m w R=U Okv "6
|OwQw ?=NDv= |=Q@ CUNv \QW [20]'ASCE-05 pFt |rai |=yxt=vu}}; QO
=@ |@=NDv= |=yCW=ov?=DW |�xrY=i� w �=oQR@� |Q=oR=U 'xR=Ul} p}rLDCyH
T=}kt u}vJty "CU= �Q]N l}miD� p}rLD R= pY=L x=oDN=U ?r=e |w} Q=vU
x=oDN=U �UHS� CN=wvm} Q]N h}] =@ j=@]v= CyH �R=}v CQwY QO� =y|OwQw
R= [21]'CU= |U=vWxrRrR x=oDU=N |=Q=O xm Ov}=Qi u}= "CU= xDiQo Q=Qk O}m -=D OQwt
|UOvyt |xat=H QO xR=U MU=B p}rLD |xw}W u} QD|rta |xrRvtx@ V}B =yp=U
x@ w QwO u=OvJ xv |xOv}; QO Q=m w R=U u}= OUQ|t Q_vx@ =t= "CU= xOW xO=iDU=
|]NQ}e |=yp}rLD uOWQDQ}o =Qi w |OQmrta xrRrR |UOvyt |=yCiQW}B QwN=Qi
|xv=Q=mx_i=Lt OQw;Q@ 'xt=vu}}; x@ OQ=w |=yOkv Ov};Q@ "OQ}o Q=Qk |OH |v}@ R=@ OQwt
h}] pmW CQ}=et R= |W=v MU=B OQw;Q@ QO |@} Q= u}= [24�22w7]"CU= xR=U MU=B
|=Q@ [7]"CU= xrRrR Q]N |q=@ Kw]U QO =yCW=ov?=DW h}] pmW =@ UHS

2475 CN=wvm} Q]N h}] "O} Q}o@ Q_v QO =Q 2 pmW ,=OOHt ' ẁ[wt uDi=mW
xOW GQO pmW QO 'CU= Q=}at |@} Q= Q@=Q@ 2 |xi=[= x@ u}ov=}t pO=at xm xr=U
j@]vt x}v=F 0 52 ?w=vD |xQwO QO =D} QB=twr pFt �QO=v� ,qt=m |xrRrR l} "CU=
u}= h}] Q}O=kt 'CU= K[=w ,qt=m xm Qw]u=ty =t= &CU= CN=wvm} h}] Q@
UHS Q=Okt R= V}@ |yHwD p@=k CQwYx@ ?w=vD |=yxQwO Q}=U QO CW=ov?=DW
nQR@ |=yxrRrR R= QF-=Dt x=Dwm ?w=vD |=yxQwO QO UHS h}] xm =Hv; R= "CU=
,qta =Pr [7]'CU= ?r=e lJwm |=yxrRrR syU Ovr@ ?w=vD |=yxQwO QO w CU=
h}] Q@ j@]vt u; h}] =D OwW|tv Ci=} |SQv= K]U u}= =@ |}xrRrR lD I}y
x}HwD p@=k UHS Q@ j=@]v= |xw}W uOw@xv=Q=mx_i=Lt xH}DvQO 'OW=@ Q]NCN=wvm}
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?w=vD |=yxQwO QO h}] Q}O=kt Q]N |q=@ Kw]U |=Q@ UHS h}] |x}yD QO
u}= 'OwW|t Crie u; R= xm xJv; |rw "OwW|t |}=tvnQR@ u=Um} CQwYx@ hrDNt
l} QO |ak=wCW=ov?=DWl}CU= umtt xrRrR |iO=YDCa}@] p}rOx@ xmCU=
O=ONQ Q=_Dv= u; Qw=Ht \=kv QO |rw &OW=@ |}=vFDU= ,qt=m XNWt ?w=vD |xQwO
|oDU@ty Q=Okt 'UHS |x}yD QO xmv; p=L "CU= |a}@] ,qt=m QDu}}=B Kw]U
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?w=vD |=yxQwO QO Sa(T ) |v}@V}B x@ \ki swUQt |oOvy=m \@=wQ "OwW|t
|=yxQwO QO Sa(T� |oDU@ty XwYNQO |D=aq]= I}y w OvR=OQB|t hrDNt
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XNWt |xQwOl} Qw=Ht ?w=vD |xQwO QO uwr}UB= Q=Okt C=Q}}eD '5 pmW QO
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|vt}= |=yOQ=Ov=DU= QO xm |iOy MU=B h}] 'CU= xOW KQ]t xrRrR |UOvyt
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"CU= xOW |UQQ@ l}D=tDU}U CQwYx@ h}] pmW |wQ uwr}UB= QF= CMS
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QO xrRrR |=yCW=ov?=DW h}] pmW Q}F-=D R= |W=v |@} Q= u}= "CU= x=Qty
R= QF-=Dt xrRrR |=yCW=ov?=DW h}] pmW 'Qo}O hQ] R= "CU= |]NQ}e MU=B
?=NDv= '|@} Q= u}= pQDvm |=Q@ s}kDUt pL x=Q u}=Q@=v@ "CU= \w@ Qt Q]N K]U
Kw]U "CU= x=oDN=U QO Q=_Dv= OQwt Q]N K]U =@ Q=oR=U |=yCW=ov?=DW
l}miD p}rLD R= 'CU= VHvU p@=k uwr}UB= =@ xm x=oDN=U l} Q]N hrDNt
=@ QO=v |=yCW=ov?=DW h}] pmW xm =Hv; R= "OwW|t XNWt x=oDN=U Q]N
x@ QHvt xt=vu}}; |rai VwQ 'CU= Cw=iDt ,qt=m Q]N |q=@ Kw]U UHS pmW
|rL x=Q UHS =@ CMS |v} Ro}=H "OwW|t =yxR=U MU=B |xv=Q=mx_i=Lt OQw;Q@

"CU= |}xt=vu}}; Ov}=Qi KqY= |=Q@ |rta ,qt=m

xU}=kt QO '|[Qi x=oDN=U l} QO p=U 50 QO �2 Q]N CN=wvm} h}] "6 pmW
"x}v=F 0 8 w 0 3 '0 1 hrDNt ?w=vD |xQwO 3 QO |]QW u}ov=}t h}] OvJ =@

"CMS =@ j=@]v= T=U=Q@ CW=ov?=DW ?=NDv= "7 pmW

=yCWwv=B
1. uniform hazard spectrum
2. conditional mean spectrum
3. risk
4. paci�c earthquake engineering research
5. hazard
6. intensity measure
7. engineering demand parameter
8. damage measure
9. dispersion
10. e�ciency
11. su�ciency
12. bias
13. spectral shape
14. vector based probabilistic seismic hazard analysis
15. attenuation
16. rare
17. plentiful
18. peak
19. structural collapse capacity

20. hunt and �ll algorithm
21. target epsilon
22. target eta
23. probabilistic seismic hazard analysis
24. bayesian analysis
25. contribution
26. seismic hazard de-aggregation
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Abstract
From the various intensity measures that may be applied
to evaluation of the seismic risk of structures, the accel-
eration response spectrum, Sa(T), is the most famous.
As a key assumption in usual risk assessment procedures,
such as PEER methodology, the structural response de-
pends only upon the applied intensity measures, and not
on any other properties of ground motion. This required
condition is termed the \su�ciency" of the used inten-
sity measure. The limited \su�ciency" of Sa(T) has
been emphasized in recent research and, as a result, dif-
ferent methods have been proposed to modify structural
response analysis. In this paper, the problem has been
re-de�ned and then recent studies have been surveyed.

The inelastic displacement response spectrum is another
alternative for Sa(T). The intensity measure vector, as
an innovative approach for bias reduction, has been also
reviewed.
This paper is mainly focused on the spectral shape con-
cern. It has been discussed how the spectral shape of
ground motion a�ects the structural nonlinear response.
Epsilon, as a well known seismological parameter, is in-
troduced as a convenient indicator of spectral shape. It
has been shown that epsilon has signi�cant e�ects on
the nonlinear response of structures. As a convenient
approach for reliable ground motion selection, the haz-
ard related target epsilon is calculated �rst, and then
the compatible ground motion is selected. A convenient
procedure has been introduced in this paper, in order to
�nd the target epsilon and eta values at di�erent hazard
levels.
In the second half of this paper, the current code con-
formed approach for ground motion selection has been
discussed. All seismic design codes and guidelines re-
quire scaling of a number of selected ground motions so
that they match or exceed a target spectrum, i.e. uni-
form hazard spectrum (UHS). The recent �ndings show
that application of the UHS for analysis of structures
leads to a conservative estimation of structural response.
Finally, a new generation of response spectrum, named
the conditional mean spectrum (CMS), has been intro-
duced. The CMS presents the expected response spec-
trum, conditioned on occurrence of a target spectral ac-
celeration value at the period of interest. It has been
shown that this is a more realistic target spectrum for
ground motion selection in comparison with UHS.

Key Words: hazard, risk, intensity measure, response,
bias, selection.
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