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<=[a= |t=tD "OW ?=NDv= QDt 12 `r[ x@ |}xO=U|a@ Qt uqB '|Oqwi |xk@]u=}t
=yu=tDN=UpN=O QO|@=kI}y w OvDiQo Q=Qk xR=U\}Lt QO|rkF w|@v=H Q@ Q=@ sw=kt
10 '8 '6 |a=iDQ= A}D 4 QO xar=]t OQwt |=yu=tDN=U �5 pmW� CW=Ov OwHw
`=iDQ= C@Uv =Pr "OW ZQi QDt 3 2 xk@] Qy `=iDQ= "OvOW ?=NDv= xk@] 12 w
"CU= xOw@ 3 2 w 2 67 '2 13 '1 6 ?}DQD x@ �H=B� =yu=tDN=U ZQa x@
|ki= QwLt =@ =yu; |=}=wR w xDiQo Q=Qk sy R= |QDt 4 |xrY=i QO |Q]k <=[a=
w O=a@= uDiQo Q_vQO "Ov=xOW xDiQo Q_v QO xHQO 78 w 73 '58 Cr=L xU QO
|=yu=tDN=U QO xOW xQ=W= |}xR=U sDU}U R= xO=iDU= hOy =@ xOW QmP |=yxR=Ov=
|=yOQmrta?}mQD?Hwt 'xOW ?=NDv= |Ov@ Qm}B u}vJty "CU= pw=ODt xk@]u=}t
|=y|t_vt=v hPL w O=} R |WJ}B |=y|t_vt=v R= |Q}owrH '|WQ@ w |WtN
W `]=kt R= w ?Qwt |=yuwDU |L=Q] |=Q@ |}x@aH `]=kt R= "OwW|t |ki=
QO O} Qo =}=O sDU}U QO =yp=YD= xm =Hv; R= "CU= xOW xO=iDU= =yQ}D |L=Q] |=Q@
QO 'OvQ=O |yHwD p@=k C}@rY w OvwW|t xDN=U |}xv=NQ=m CQwYx@ OQ=wt ?re=
|L=Q] |=Q@ xOW xO=iDU= Oqwi "Ov=xOW ZQi |WtN |=yp=YD= 'Q[=L VywSB

IDA |=Q@ q=@ x@ u}}=B R= ,=awtHt 'xrRrR |xOW x}=Bsy |=yOQwmQTBU "O};|t
|xR=U VR} QwQi Ea=@ =yxRQru}tR �50 xm OvwW|t T=}kt |}x]kv =D pt=m

"OvwW Q_vOQwt
"pOt Qy |=Q@ �xOW s}_vD� xOWKqY= VR} QwQi |x}W=L C@Uv |x@U=Lt "4
R= xO=iDU= =@CMRVR} QwQi |x}W=LC@Uv '|i}] pmW Q=F; |x@U=Lt |=Q@
VR} QwQi |x}W=L C@Uv l} =D OwW|t KqY= �SSF � |i}] pmW ?} Q[
%�17 |x]@=Q� O}; CUOx@ iXN=W pOt Qy |=Q@ '�ACMR� xOW KqY=
ACMRi = SSFi � CMRi (17)

%O};|t CUOx@ 18 |x]@=Q R= SSF 'u; QO xm
SSF = exp [�1(�"0(T )� �"(T );records)] (18)

%Ov};|t CUOx@ 21 |r= 19 |=yx]@=Q R= �"(T ) w �" ' �1 |=yQDt=R=B 'u; QO xm
�1 = (0 14)(�T � 1)0 42 � 0 317 (19)

�"0 =

8>>>><>>>>:
1 0 for SDC B;C
1 5 for SDC D
1 2 for SDC E

(20)

�"(T ) =

8>>>><>>>>:
0 6; T < 0 5sec
(0 6)(1 5� T ); 0 5 � T � 1 5sec

0 0; T > 1 5sec

(21)

5�1A |=ypwOH T=U=Q@ xmCU= |}xRQr |L=Q] |xk@] '12 SDC u}vJty
xHwD =@ =yxR=U "OvwW|t XNWt FEMA P�695 ptar=QwDUO 5�1B w
D 'C 'B |=yxOQ R= |m} QO u=tDN=U C}ty= w xk]vt uOw@ R}NxRQr u=R}t x@

"OvQ}o|t Q=Qk E =}
C}i}m |xHQO T=U=Q@ ��TOT � sDU}U VR} QwQi|rmC}a]k sOa |x@U=Lt "5
|xHQO '��TD� V}=tR; |=yxO=O C}i}m |xHQO '��DR� |L=Q] C=O}ytD
x@ \w@ Qt VR} QwQi C}a]k sOa w ��MDL� xvwtv XN=W |=ypOt C}i}m

%�22 |x]@=Q j@=]t� ��RTR� =yOQwmQ
�TOT =

q
�2
RTR + �2

DR + �2
TD + �2

MDL (22)

C}i}m |xHQO x@ xHwD =@ =y�MDL w w �TD '�DR ?}=Q[ R= l} Qy
"OW=@ xDW=O =Q 0 5 =} 0 35 '0 2 '0 1 Q}O=kt R= |m} Ov=wD|t \@DQt
|=Q@ '0 1 u; Q=Okt �xO=ar=jwi� A C}i}m |xHQO |=Q@ xm ?}DQD u}O@
p@=k� C C}i}m |xHQO |=Q@ '0 2 u; Q=Okt �?wN� B C}i}m |xHQO
0 5 u; Q=Okt �h}a[� D C}i}m |xHQO |=Q@ w 0 35 u; Q=Okt �pw@k
CUOx@ 23 |x]@=Q R= �RTR OQwmQ x@ OQwmQ C}a]k sOa "OwW|t Qw_vt

%O};|t
�RTR = 0 1 + 0 1�T � 0 40 (23)

CQwYx@ xm xOW s}_vD VR} QwQi |x}W=L C@Uv VQ}PB p@=k Q}O=kt u}}aD "6
�TOT R= |a@=D Q}O=kt u}= "OvwW|t h} QaD ACMR�20 w ACMR�10
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"|Oqwi O} Qo =}=O |=yxR=U |=Q@ |]NQ}e |m}D=DU= p}rLD G}=Dv "1 pwOH
FEMA�P695 ptar=QwDUO ATC�19 VwQ x}=B VQ@ ?w=vD u=tR |=[a= |x}w=R

C=k@] O=OaD pOt s=v
�u(m) �y;eff (m) Vmax(kN) �max(m) �y(m) Vy(kN) |L=Q] |rY= xv}W}@ |Q]k
0 236 0 085 1539 35 0 105 0 080 1453 10 485 90 0 435 0 627 58 xHQO 58 � xk@] 6

0 427 0 096 1815 21 0 097 0 082 1550 81 485 94 0 466 0 627 73 6 xHQO 73 � xk@] 6

0 692 0 124 1788 74 0 125 0 095 1370 13 488 33 0 539 0 627 78 xHQO 78 � xk@] 6

0 395 0 140 1608 06 0 203 0 128 1467 90 651 89 0 595 0 778 58 xHQO 58 � xk@] 8

0 464 0 142 1650 48 0 195 0 127 1467 80 615 39 0 634 0 778 73 8 xHQO 73 � xk@] 8

0 904 0 247 1963 03 0 241 0 160 1274 60 549 22 0 714 0 778 78 xHQO 78 � xk@] 8

0 585 0 215 1490 66 0 282 0 193 1336 60 594 29 0 826 0 919 58 xHQO 58 � xk@] 10

0 748 0 204 1601 80 0 262 0 178 1403 60 599 14 0 815 0 919 73 10 xHQO 73 � xk@] 10

0 819 0 281 1737 83 0 307 0 232 1431 80 543 18 0 903 0 919 78 xHQO 78 � xk@] 10

0 855 0 280 1295 93 0 380 0 246 1141 50 560 45 1 080 1 054 58 xHQO 58 � xk@] 12

0 974 0 283 1551 82 0 340 0 255 1399 60 567 68 1 036 1 054 73 12 xHQO 73 � xk@] 12

0 960 0 312 1596 76 0 375 0 278 1425 50 559 86 1 116 1 054 78 xHQO 78 � xk@] 12

"O} Qo =}=O |=yxR=U QO |}xRQr OQmrta ?}=Q[ Q}O=kt "2 pwOH
ATC�19 VwQ FEMA P�695 ptar=QwDUO R� pOt s=v

R �T 
 VwQ xU u}ov=}t wQDQ@ � =Ov=Q}t VwQ Q=U=v � Qrmv}w=Qm VwQ p=y lQ=tw}v VwQ
3 83 2 79 3 17 1 280 1 258 1 306 1 275 xHQO 58 � xk@] 6
3 76 4 46 3 74 1 177 1 163 1 190 1 177 xHQO 73 � xk@] 6
3 64 5 58 3 66 1 299 1 279 1 309 1 310 xHQO 78 � xk@] 6
3 54 2 81 2 47 1 570 1 544 1 584 1 583 xHQO 58 � xk@] 8
3 68 3 27 2 68 1 534 1 520 1 543 1 540 xHQO 73 � xk@] 8
3 51 3 66 3 57 1 511 1 517 1 512 1 505 xHQO 78 � xk@] 8
3 33 2 71 2 51 1 480 1 509 1 470 1 461 xHQO 58 � xk@] 10
3 48 3 68 2 67 1 485 1 512 1 476 1 466 xHQO 73 � xk@] 10
3 51 2 91 3 20 1 343 1 375 1 330 1 324 xHQO 78 � xk@] 10
3 24 3 06 2 31 1 592 1 672 1 562 1 544 xHQO 58 � xk@] 12
3 35 3 45 2 73 1 359 1 408 1 338 1 331 xHQO 73 � xk@] 12
3 50 3 08 2 85 1 376 1 429 1 354 1 346 xHQO 78 � xk@] 12
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DQ}F

=D[12]"IDA p}rLD |=Q@ xOW xO=iDU= QwO |xRwL |=yOQwmQ |xawtHt "3 pwOH
PGV (cm=s) PGA (g) R= xrY=i C@F x=oDU}= p=U |oQR@ xrRrR s=v h}OQ2 |xirwt 1 |xirwt 2 |xirwt 1 |xirwt (km) pUo

66 717 59 295 0 488 0 443 17 2 Beverly Hills - Mulhol 1994 6 7 Northridge 1
41 128 44 384 0 472 0 404 12 4 Canyon Country-WLC 1994 6 7 Northridge 2
65 883 55 934 0 806 0 739 12 Bolu 1999 7 1 Duzce, Turkey 3
44 777 26 015 0 328 0 268 11 7 Hector 1999 7 1 Hector Mine 4
32 999 26 325 0 35 0 236 22 Delta 1979 6 5 Imperial Valley 5
44 61 36 018 0 379 0 367 12 5 El Centro Array#11 1979 6 5 Imperial Valley 6
38 263 46 825 0 464 0 483 7 1 Nishi-Akashi 1995 6 9 Kobe, Japan 7
21 813 31 327 0 233 0 225 19 2 Shin-Osaka 1995 6 9 Kobe, Japan 8
55 662 58 867 0 364 0 312 15 4 Duzce 1999 7 5 Kocaeli, Turkey 9
40 067 13 954 0 134 0 210 13 5 Arcelik 1999 7 5 Kocaeli, Turkey 10
29 09 51 125 0 152 0 245 23 6 Yermo Fire Station 1992 7 3 Landers 11
43 419 27 615 0 417 0 284 19 7 Coolwater 1992 7 3 Landers 12
29 614 38 026 0 439 0 511 15 2 Capitola 1989 6 9 Loma Prieta 13
45 427 36 306 0 368 0 559 12 8 Gilroy Array#3 1989 6 9 Loma Prieta 14
50 591 42 458 0 497 0 515 12 6 Abbar 1990 7 4 Manjil, Iran 15
41 794 48 071 0 259 0 357 18 2 El Centro Imp. Co 1987 6 5 Superstition Hills 16
29 016 41 169 0 286 0 475 11 2 Poe Road�temp� 1987 6 5 Superstition Hills 17
41 875 43 805 0 549 0 385 14 3 Rio Dell Overpass 1992 7 0 Cape Mendocino 18
109 211 65 00 0 398 0 340 10 CHY101 1999 7 6 Chi-Chi, Taiwan 19
46 377 50 084 0 507 0 473 26 TCU045 1999 7 6 Chi-Chi, Taiwan 20
16 938 21 718 0 195 0 225 22 8 LA-Hollywood Stor 1971 6 6 San Fernando 21
30 521 22 850 0 315 0 357 15 8 Tolmezzo 1976 6 5 Friuli, Italy 22

"|R=Ux}=Bsy R= Oa@ w p@k |xrRrR |=yOQwmQ PGVmax w PGAmax |xU}=kt "4 pwOH
PGVmax(cm=sec) PGAmax(g) QDt=Q=B Q=Oktx}=Bty |=yOQwmQ x}rw= |=yOQwmQ xOW x}=Bty |=yOQwmQ x}rw= |=yOQwmQ

68 370 109 211 0 615 0 806 xv}W}@
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Vy=m xv=}t VR} QwQi COW QO =y|Q]k |x} w=R Q}}eD Q}F-=D '`=iDQ= V}=Ri= =@ xm
"CU= xOQm Ci= ,=a} QU xv=}t VR} QwQi ?=DW '`=iDQ= V}=Ri= =@ u}vJty "CU= xDi=}
|oOvvmW |vLvt 'IDA G}=Dv R= xOW G=QNDU= VR} QwQi |=yxO=O R= xO=iDU= =@
CQwYx@ =Q xR=U VR} QwQi p=tDL= xm|vLvtu}= "Ot;CUOx@ pOt Qy |=Q@ VR} QwQi

[25]%OwW|t G=QNDU= 27 |x]@=Q R= 'Ovm|t u=}@ u}tR CmQL COW R= |a@=D
P (CjST = x) = �

�
Lnx� �

�

�
(27)

'x =@ Q@=Q@ �ST � |i}] ?=DW <=R= x@ VR} QwQi p=tDL= P (CjST = x)u; QO xm

48



4/
1|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt "pw@k p@=k VR} QwQi x}W=L C@Uv w |rm C}a]k sOa 'xOW KqY= VR} QwQi x}W=L C@Uv Q}O=kt "6 pwOH

ACMR�20 ACMR�10 �ToT ACMR SSF CMR C=k@] O=OaD pOt s=v
1 781 2 416 0 688 3 145 1 190 2 642 xHQO 58 � xk@] 6
1 800 2 450 0 700 5 627 1 259 4 470 6 xHQO 73 � xk@] 6
1 800 2 450 0 700 4 883 1 295 3 769 xHQO 78 � xk@] 6
1 783 2 421 0 690 3 081 1 211 2 543 xHQO 58 � xk@] 8
1 800 2 450 0 700 3 636 1 235 2 945 8 xHQO 73 � xk@] 8
1 800 2 450 0 700 4 432 1 252 3 539 xHQO 78 � xk@] 8
1 774 2 405 0 684 3 637 1 224 2 971 xHQO 58 � xk@] 10
1 800 2 450 0 700 3 575 1 276 2 802 10 xHQO 73 � xk@] 10
1 792 2 436 0 695 3 408 1 236 2 758 xHQO 78 � xk@] 10
1 800 2 450 0 700 3 286 1 263 2 602 xHQO 58 � xk@] 12
1 800 2 450 0 700 3 341 1 286 2 599 12 xHQO 73 � xk@] 12
1 80 2 450 0 700 3 286 1 264 2 599 xHQO 78 � xk@] 12

OQmrta |@=} RQ= R= pY=L G}=Dv '7 pwOH QO "OW Qw_vt h}a[ 'V}=tR; |=yxO=O
Q}O=kt xm OQm xOy=Wt u=wD|t "Ov=xOW xYqN x@DQtu=}t |Oqwi O} Qo =}=O |=ypOt
VQ}PB p@=k Q}O=kt R= QDnQR@ xar=]tOQwt |=ypOt lD x@ lD |=Q@ ACMR

'|OQmrta xwQo Qy |=Q@ =yACMR u}ov=}t u}vJty "OvDUy �ACMR�20�
<=[a= |=}=wR =@ O} Qo =}=O |=ypOt |xty u}=Q@=v@ "CU= QDW}@ ACMR�10 R=
=Q FEMA P-695 ptar=QwDUO |OQmrta |@=} RQ= |=yQ=}at 'hrDNt |Q]k
O} Qo =}=O |=ypOt |L=Q] |=Q@ xOWxO=iDU= Q=DiQ?} Q[ Q=@Da= =Pr w Ovvm|t <=[Q=

"OwW|t O}}-=D

|Q}oxH}Dv "8
w |}xRQr OQmrta ?}=Q[ QO |Q]k <=[a= |x} w=R Q}}eD Q}F-=D 'Q[=L Q=DWwv QO
xOW |UQQ@ x@DQtu=}t |Oqwi O} Qo =}=O |=yxR=U VR} QwQi |oOvvmW |=y|vLvt
|=}=wR =@ xk@] 12 w 10 '8 '6 |Oqwi O} Qo =}=O |=ypOt Qw_vt u}O@ "CU=
p}rLD '=ypOt |wQ TBU "OvOW ?=NDv= xHQO 78 w 73 '58 |Q]k <=[a=
ATC-19 |=yptar=QwDUO QO |O=yvW}B |=yVwQ =@ w s=Hv= |]NQ}e |m}D=DU=
"OvOW x@U=Lt xOW QmP |=ysDU}U |}xRQr OQmrta ?}=Q[ 'FEMA P-695 w
44 R= xO=iDU= =@ �IDA� |W}=Ri= |]NQ}e |m}t=v}O p}rLD s=Hv= =@ 'xt=O= QO
O} Qo =}=O |=yu=tDN=U |=Q@ VR} QwQi |oOvvmW |=y|vLvt 'QwO |xRwL OQwmQ
|=ysDU}U |}xRQr OQmrta ?}=Q[ Q=@Da= w OvOW G=QNDU= x@DQtu=}t |Oqwi
ptar=QwDUO ltm x@ w hrDNt |=yC}a]k sOa uDiQo Q_vQO =@ xOW xQ=W= |}xR=U
CQwY u}= x@ xOt;CUOx@ G}=Dv |xYqN "CU= xOW |UQQ@ FEMA P-695

%CU=
u}ov=}t 'hrDNt |Q]k |=}=wR =@ x@DQtu=}t |Oqwi O} Qo =}=O |=yxR=U |=Q@ "1

T=U=Q@ |}xRQr OQmrta ?}=Q[ Q=@Da= |UQQ@ "7
FEMA P�695 ptar=QwDUO

QO |Oqwi O} Qo =}=O |=ysDU}U |vt}= u}}aD w |}xRQr OQmrta |@=} RQ= Qw_vt x@
TBU "OW x@U=Lt �CMR� VR} QwQi |x}W=L C@Uv QDt=Q=B 'VR} QwQi Q@=Q@
|x}W=L C@Uv w OW ?Q[ �SSF � |i}] pmW ?} Q[ x@ CMR QDt=Q=B
QO |i}] pmW Q=F; ?}DQD u}O@ "Ot; CUOx@ �ACMR� xOW s}_vD VR} QwQi
6 pwOH QO ACMR w CMR Q}O=kt "OW ^=Lr =yxR=U VR} QwQi C}iQ_
?UL Q@ ACMR w CMR C=Q}}eD xJQo = OwW|t xOy=Wt "Ov=xOW xYqN
Q}F-=D 'u=tDN=U `=iDQ= V}=Ri= =@ =t= &OvQ=Ov |YNWt OvwQ '=y|Q]k |x} w=R Q}}eD
'OQmrta |UQQ@ |=Q@ "Ov=xDi=} Vy=m Q=}U@ CMR QO |Q]k <=[a= |x} w=R Q=Okt
s}UkD |OQmrta xwQo wO x@ |rY= ?w=vD |xQwO ?UL Q@ O} Qo =}=O |=yxR=U
?w=vD |xQwO =@ |}=yxR=U w Ts R= QDlJwm ?w=vD |xQwO =@ |}=yxR=U %OvOW
ptar=QwDUO j@=]t "CU= 0 6 Q@=Q@ Ts = SD1=SDs =yu; QO xm Ts R= QDnQR@
xm Ow@ Ovy=wN VQ}PB p@=k |v=tR |}xRQr OQmrta ?}=Q[ 'FEMA P-695
w OW=@ ACMR�10 R= QDW}@ |OQmrta xwQo Qy |=Q@ =yACMR u}ov=}t
"OW=@v QDtm ACMR�20 R= =ypOt lD x@ lD |=Q@ ACMR Q=Okt u}vJty
|xrRrR <=R= x@ VR} QwQi |Dq=tDL= OL |xOvyOu=Wv '�20 w �10 T} wvQ} R
C}a]k sOa T=U=Q@ ACMR�20 w ACMR�10 Q}O=kt "CU= MCE

x�=Q= 6 pwOH QO w xOt; CUOx@ 4 pmW R= ��ToT � sDU}U VR} QwQi |rm
x@ \w@ Qt C}i}m |=yxHQO 'VR} QwQi |rm C}a]k sOa |x@U=Lt QO "Ov=xOW
'|Oqwi O} Qo =}=O |=ysDU}U |=Q@ xvwtv XN=W |=ypOt w |L=Q] C=O}ytD
|=Q@ |i=m V}=tR; |=yxO=O xmv}= x@ xHwD =@ =t= 'OvOW xDiQo Q_v QO ?wN
x@ \w@ Qt C}i}m =Pr 'CU}v Q=}DN= QO O} Qo =}=O |=yxR=U |}xRQr C}iQ_ |@=} RQ=

49



"""Q
O|

Q]k
<=[

a=|
x}w=R

Q}}e
DQ}F

=D

"x@DQtu=}t |Oqwi O} Qo =}=O |=yxR=U |}xRQr OQmrta |@=} RQ= "7 pwOH
VQ}PB pQDvm |W}=Ri= |]NQ}e |m}t=v}O w Qw;VwB |=y p}rLD G}=Dv pOt s=vVQ}PB sOa VQ}PB ACMR pw@k p@=k Q=Okt ACMR �T 


(T < Ts) 1 |xQ=tW |OQmrta xwQo
pw@k 1 781 3 145 2 786 3 168 xHQO 58 � xk@] 6
pw@k 1 800 5 627 4 465 3 735 xHQO 73 � xk@] 6
pw@k 1 800 4 883 5 579 3 663 xHQO 78 � xk@] 6
pw@k 1 783 3 081 2 814 2 467 xHQO 58 � xk@] 8
pw@k 2 434 4 184 3 258 |OQmrta xwQo |=Q@ Q}O=kt u}ov=}t

(T < Ts) 2 |xQ=tW |OQmrta xwQo
pw@k 1 800 3 636 3 273 2 682 xHQO 73 � xk@] 8
pw@k 1 800 4 432 3 658 3 574 xHQO 78 � xk@] 8
pw@k 1 774 3 637 2 714 2 508 xHQO 58 � xk@] 10
pw@k 1 800 3 575 3 676 2 674 xHQO 73 � xk@] 10
pw@k 1 792 3 408 2 911 3 199 xHQO 78 � xk@] 10
pw@k 1 800 3 286 3 056 2 312 xHQO 58 � xk@] 12
pw@k 1 800 3 341 3 445 2 734 xHQO 73 � xk@] 12
pw@k 1 800 3 286 3 079 2 852 xHQO 78 � xk@] 12
pw@k 2 443 3 575 2 817 |OQmrta xwQo |=Q@ Q}O=kt u}ov=}t

|t=tD <=R= x@ u}vJty "O@=}|t Vy=m �CMR� VR} QwQi |x}W=L C@Uv
xwqa "Ovm|t Ci= ,=a} QU xv=}t VR} QwQi ?=DW '`=iDQ= V}=Ri= =@ |Q]k |=}=wR
VR} QwQi |=yxO=O QO C}a]k sOa '|Q]k |=yu=tr= |x} w=R V}=Ri= =@ 'u}= Q@

"Ovm|t =O}B Vy=m MCE |xrRrR <=R= x@ VR} QwQi p=tDL= w

'hrDNt |Q]k <=[a= |=}=wR =@ x@DQt u=}t |Oqwi O} Qo =}=O |=ypOt |xty "4
ptar=QwDUO QO R=Ht |OL Q}O=kt R= QDnQR@ |WR} QwQi |x}W=L C@Uv
|=ypOt |=Q@ |}xRQr OQmrta ?}=Q[ Q=@Da= =Pr "OvQ=O FEMA P-695
Q}=U w |Q=PoQ=@ \}=QW 'Q[=L |xar=]t QO "OwW|t O}}-=D |UQQ@ OQwt XN=W
=@ &CU= xOW Qw_vt |O=a CQwYx@ w pw=ODt \}=QW QO '|L=Q] |=yQDt=Q=B
X=N|Q=PoQ=@\}=QWp=ta= |wQ Ov=wD|t |Qo}O |xOQDUo C=ar=]t 'u}= OwHw
xOW xO=iDU= VwQ xm OwW|t O=yvW}B u}vJty "OQ}o s=Hv= �xS} w |=ypOt =}�
ATC-19 |=yptar=QwDUO QO xOWKQ]t |=yVwQ ?}mQD� Q[=L VywSB QO

"OwW xOwtR; R}v |}xR=U |=ysDU}U Q}=U OQwt QO �FEMA P-695 w

?}DQD x@ ?w=vD |xQwO x@ xDU@=w |Q}PBpmW w Ctw=kt xi=[= 'Q=DiQ ?}=Q[
"OvDUy 3 45 w 2 96 '3 53

`=iDQ= x@ 'x} w=R Q}}eD p}rOx@ Q=DiQ ?} Q[ QO xOW O=H}= lOv= C=Q}}eD OvwQ "2
'�H=BV}=Ri=� u=tDN=U `=iDQ=V}=Ri= =@ "OQ=O |oDU@ xR=U �H=B C@Uv�
=y|Q]k |x} w=R V}=Ri= =Pr "Ovm|t pta |WtN Q}D l} Ovv=t |}xR=U sDU}U
Q=DiQ ?} Q[ V}=Ri= Ea=@ w Ovm|t ltm sDU}U |}xRQr OQmrta Ow@y@ x@
|=yu=tDN=U OQwt QO OQm Q_vQ=y_= u=wD|t |rm Qw]x@ 'u}= OwHw =@ "OwW|t
|=yu=tr= |x} w=R Q}}eD 'q=@ |@v=H |DNU p}rOx@ x@DQtu=}t |Oqwi O} Qo =}=O
Q=}U@ |=yu=tDN=U |=Q@ |rw 'OQ=Ov =yu; Q=DiQ ?} Q[ QO |v=OvJ Q}F-=D |Q]k
V}=Ri= =@ u}vJty "CU= R=}vOQwt xv}tR u}= QO |Qo}O |xOQDUo C=ar=]t 'Ovr@

"O@=}|t Vy=m Q=DiQ ?} Q[ `=iDQ=
|x} w=R Q}}eD Q}F-=D 'x@DQtu=}t |Oqwi O} Qo =}=O |=yu=tDN=U QO `=iDQ= V}=Ri= =@ "3
w VR} QwQi |oOvvmW |=y|vLvt 'xv=}t VR} QwQi COW QO |Q]k <=[a=

=yCWwv=B
1. IBM
2. Swiss Re
3. Hearst Tower
4. Cyclone tower
5. capital gate tower
6. CCTV

7. incremental dynamics analysis
8. maximum considered earthquake
9. life safety
10. design earthquake
11. collapse margin ratio
12. seismic design category
13. special concentrically braced frames
14. Camber

50



4/
1|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt

�References� `@=vt
1. Hirschmann, E.W. \The hull-core structure-an ameri-

can design for o�ce buildings", The Structural Engineer,
43(11), pp. 369-376 (1965).

2. Hearst Tower, (n.d.), from:
http://www.fosterandpartners.com/projects/hearst-
tower/, (Retrieved May 20, 2017).

3. Jani, K. and Patel, P.V. \Analysis and design of diagrid
structural system for high rise steel buildings", Procedia
Engineering, 51, pp. 92-100 (2013).

4. Moon, K.S., Connor, J.J. and Fernandez, J.E. \Diagrid
structural systems for tall buildings: Characteristics and
methodology for preliminary design", The Structural De-
sign of Tall and Special Buildings, 16(2), pp. 205-230
(2007).

5. Moon, K. \Optimal grid geometry of diagrid structures
for tall buildings", Architectural Science Review, 51(3),
pp. 239-251 (2008).

6. Zhang, C., Zhao, F. and Liu, Y. \Diagrid tube structures
composed of straight diagonals with gradually varying
angles", The Structural Design of Tall and Special Build-
ings, 21(4), pp. 283-295 (2012).

7. Montuori, G.M., Mele, E., Brandonisio, G. and et al.
\Design criteria for diagrid tall buildings: sti�ness ver-
sus strength", The Structural Design of Tall and Special
Buildings, 23(17), pp. 1294-1314 (2014).

8. Kim, J. and Lee, Y.H. \Seismic performance evaluation
of diagrid system buildings", The Structural Design of
Tall and Special Buildings, 21(10), pp. 736-749 (2012).

9. Baker, W., Besjak, C., Sarkisian, M. and et al. \Proposed
methodology to determine seismic performance factors
for steel diagrid framed systems", CTBUH Technical Pa-
per, Council of Tall Buildings and Urban Habitat (2010).

10. PERFORM-3D/ Nonlinear Analysis and Performance
Assessment for 3D Structures, Computer & Structures
Inc., Berkeley, CA (2007).

11. ATC-19, \Structural response modi�cation factors", Ap-
plied Technology Council, Redwood City, California
(1995).

12. FEMA P695, \Quanti�cation of building seismic per-
formance factors", Federal Emergency Management
Agency, Washington, DC (2009).

13. OpenSees: Open System for Earthquake Engineering
Simulation, version 2.4.5, Paci�c Earthquake Engineer-
ing Research Center: University of California, Berkeley,
from: http:// opensees.berkeley.edu/ (2013).

14. Kim, J. and Choi, H. \Response modi�cation factors of
chevron-braced frames", Engineering Structures, 27(2),
pp. 285-300 (2005).

15. Newmark, N.M. and Hall, W.J. \Earthquake spectra and
design", EERI Monograph Series, Earthquake Engineer-
ing Research Institute, Oakland, CA (1982).

16. Nassar, A.A., Osteraas, J.D. and Krawinkler, H. \Seis-
mic design based on strength and ductility demand", In:
Proceedings of the 10th World Conference on Earthquake
Engineering, Madrid, Spain, 10, pp. 5861-5866 (1992).

17. Miranda, E. and Bertero, V.V. \Evaluation of strength
reduction factors for earthquake-resistant design",
Earthquake Spectra, 10(2), pp. 357-379 (1994).

18. NEHRP Consultants Joint Venture, \Evaluation of the
FEMA P-695 methodology for quanti�cation of building
seismic performance factors", National Institute of Stan-
dards and Technology, U.S. Department of Commerce,
Gaithersburg, MD 20899-8600 (2010).

19. ASCE/SEI 7-10, \Minimum design loads for buildings
and other structures", American Society of Civil Engi-
neers, Reston, VA (2010).

20. AISC 360-10, \Speci�cation for structural steel build-
ing", American Institute of Steel Construction, Chicago,
IL (2010).

21. ETABS/Integrated Building Design Software, Comput-
ers and Structures Inc., Berkeley, CA (2013).

22. Menegotto, M. and Pinto, P.E. \Method of analysis for
cyclically loaded R.C. plane frames including changes
in geometry and non-elastic behavior of elements under
combined normal force and bending", IABSE Sympo-
sium on the Resistance and Ultimate Deformability of
Structures Acted on by Well De�ned Repeated Loads,
Zurich, Switzerland (1973).

23. Uriz, P., Filippou, F.C. and Mahin, S.A. \Model for
cyclic inelastic buckling of steel braces", Journal of
Structural Engineering, 134(4), pp. 619-628 (2008).

24. Vamvatsikos, D. and Cornell, C.A. \Incremental dy-
namic analysis", Earthquake Engineering and Structural
Dynamics, 31(3), pp. 491-514 (2002).

25. Ibarra, L.F. and Krawinkler, H. \Global collapse of
frame structures under seismic excitations", Technical
Report No. 152, John A. Blume Earthquake Engineer-
ing Center, Stanford, CA, 324 (2005).

51




