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"CU= xOW u} Ro}=H xv}tm QwD=tQ; =@ |QDt|Dv=U 20|WQ@ Q=w}O =@|UOvyt ?=kv=}t
|UOvyt ?=kv=}t |=Q=O |=yxR=U QO =yuwDU w Q}D `]=kt xm CU= sRq QmPD u}=
QO xm |r=L QO 'CU= xOW |L=Q] xv}y@ CQwYx@ u=Q}= 2800 OQ=Ov=DU= T=U=Q@
Q=}U@ uwDU w Q}D `]=kt =Pr w xOW ?=kv=}t u} Ro}=H |WQ@ Q=w}O \ki Cr=L u}=
C=Q}F-=D '?=kv=}t w |WQ@ Q=w}O QDt=Q=B QO Cw=iD O=H}= =@ "CU= xv}y@ Cr=L R= QD|wk
u; hOy |awv x@ "CU= xOW |UQQ@ xOQ=w |=yxrRrR CLD =yxR=U Q=DiQ QO =yv;
|Dt=N[ =@ |WQ@ Q=w}O =@ ?=kv=}t uOWu} Ro}=H Q}F-=D 'Cr=L u}= QO xm CU= xOw@

"OwW |UQQ@ Qo}O |=y^=Lr R= x@=Wt ,qt=m |xR=U l} QO Q@=Q@

(Wdesign) xOW|L=Q] |WQ@ Q=w}O x=Qty x@ |WtN ?=k "3"3
|xt=vu}}; j@=]t R}v |WQ@ Q=w}O w [18]'u=Q}= 2800 OQ=Ov=DU= T=U=Q@ =yxR=U u}=
u}= |=Q=O |=y?=k |=Q@ p}rO u}ty x@ "�2 |xR=U� CU= xOW |L=Q] [20]'ACI

uwDU w Q}D `]=kt =yxR=U u}= QO "CU= xOW ?=NDv= Wdesign s=v |WQ@ Q=w}O ẁv
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Wdesign W20 5 |xvwtv 3 |xvwtv 2 |xvwtv 1 |xvwtv 4 |xvwtv  ?=k |}xR=U pmW

# xrRrR
 |WQ@ |=yQ=w}O w =y?=kv=}t V}=Q; |rm KQ]

0 0422 0 033 0 0948 0 137 0 182 0 195 0 362 Period (T)

0 83 0 83 0 89 1 093 1 091 1 04 2 57 Sa

(pga = 0 82 g) x@ wm

386 5 385 3 406 5 504 6 500 1 458 7 688 3 Vmax

0 37 0 22 1 9 5 0 8 8 9 2 61 6 Dmax

0; 0 0 0 0 0 0 0 14 CCDI

0 004 0 0 0 0 0 0 067 TDI

0 01 0 01 0 06 0 17 0 29 0 31 2 05 Dmax=H(�)

0 823 0 820 0 865 1 074 1 064 0 976 1 465 V=W

1 78 1 67 2 59 2 43 2 82 2 96 2 45 Sa

(pga = 1 58 g) G} QDQwv

795 7 752 3 1137 4 1151 3 1255 6 1176 0 741 0 Vmax

1 4 0 96 5 4 11 5 23 2 30 2 67 2 Dmax

0; 0 01 0 0 0 0 06 0 08 0 14 CCDI

0 008 0 009 0 0 0 174 0 258 0 066 TDI

0 05 0 03 0 18 0 38 0 78 1 01 2 24 Dt=H(�)

1 69 1 60 2 42 2 45 2 67 2 50 1 58 V=W

0 86 0 85 1 83 2 49 2 55 2 51 1 71 Sa

(pga = 0 83 g) T@]

393 7 385 6 787 0 1191 8 1153 1 916 4 617 6 Vmax

0 38 0 22 3 7 11 9 20 8 22 9 53 3 Dmax

0; 0 0 0 0 0 0 08 0 12 CCDI

0 004 0 0 0 0 198 0 219 0 058 TDI

0 01 0 01 0 12 0 40 0 70 0 76 1 78 Dt=H(�)

0 84 0 82 1 67 2 54 2 45 1 95 1 31 V=W

0 63 0 569 1 11 1 766 1 96 1 771 1 21 Sa

(pga = 0 54 g) p}Hvt

294 9 286 5 588 8 869 9 953 2 754 4 479 8 Vmax

0 28 0 16 2 8 8 67 16 7 15 7 38 1 Dmax

0; 0 0 0 0 0 0 0 1 CCDI

0 0 0 0 0 0 176 0 052 TDI

0 01 0 01 0 09 0 29 0 56 0 52 1 27 Dt=H(�)

0 628 0 610 1 25 1 85 2 03 1 61 1 02 V=W

0 255 0 248 0 299 0 386 0 454 0 468 0 416 Sa

(pga = 0 24 g) wQDvUp=

130 4 114 7 138 3 184 1 220 9 223 3 195 6 Vmax

0 12 0 07 0 657 1 83 3 87 4 47 13 54 Dmax

0; 0 0 0 0 0 0 0 CCDI

0 0 0 0 0 0 0 TDI

0 004 0 002 0 02 0 06 0 13 0 15 0 45 Dt=H(�)

0 278 0 244 0 294 0 392 0 470 0 475 0 416 V=W
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"xk@] 3 |=yxR=U |=Q@ |v=tR |xJN} Q=D p}rLD R= xOt; CUOx@ G}=Dv "4 pwOH
Wdesign W20 5 |xvwtv 3 |xvwtv 2 |xvwtv 1 |xvwtv 4 |xvwtv  ?=k |}xR=U pmW

#xrRrR

 |WQ@ |=yQ=w}O w =y?=kv=}t V}=Q; |rm KQ]

0 161 0 157 0 519 0 689 0 826 0 858 1 133 Period (T)

1 046 1 056 1 946 2 043 1 868 1 855 1 101 Sa

(pga = 0 82 g) x@ wm
1410 9 1083 7 838 3 620 9 566 7 Vmax
1 86 60 94 63 4 51 73 42 42 D1max
8 92 306 4 341 3 289 8 226 6 Dmax

0 0 418 0 626 0 534 0 444 CCDI
Collapsed 0 01 Collapsed 0 195 0 176 0 173 0 076 TDI

0 00 0 10 0 00 3 40 3 79 3 22 2 52 Dt=H(�)
0 000 0 931 0 000 0 715 0 553 0 410 0 374 V=W

2 459 2 416 2 126 1 160 0 812 0 716 0 535 Sa

(pga = 1 58 g) G} QDQwv
2324 7 955 9 824 3 765 1 572 5 Vmax

5 47 31 38 24 24 22 81 30 41 D1 max

29 45 162 57 146 43 147 12 168 48 Dmax
0 0 206 0 132 0 08 0 242 CCDI

Collapsed 0 05 Collapsed 0 142 0 083 0 102 0 06 TDI
0 00 0 33 0 00 1 81 1 63 1 63 1 87 Dt=H(�)
0 000 1 534 0 000 0 631 0 544 0 505 0 378 V=W

2 808 2 781 1 162 1 330 1 457 1 590 0 643 Sa

(pga = 0 83 g) T@]
1822 0 993 8 1029 2 1042 3 417 1 Vmax

3 27 43 23 38 22 43 14 56 35 D1 max

24 17 209 56 190 7 199 99 321 61 Dmax

0 0 334 0 344 0 282 0 468 CCDI
Collapsed 0 053 Collapsed 0 143 0 124 0 162 0 083 TDI

0 00 0 27 0 00 2 33 2 12 2 22 3 57 Dt=H(�)
0 000 1 203 0 000 0 656 0 679 0 688 0 275 V=W

2 079 2 043 0 592 0 808 0 623 0 561 0 188 Sa

(pga = 0 54 g) p}Hvt
1644 6 698 5 881 3 815 1 746 0 399 3 Vmax

2 63 8 37 20 69 22 37 19 89 18 58 D1 max

14 26 54 83 119 01 123 51 110 83 82 68 Dmax

0 0 0 092 0 076 0 072 0 CCDI
Collapsed 0 033 0 493 0 075 0 06 0 085 0 034 TDI

0 00 0 16 0 61 1 32 1 37 1 23 0 92 Dt=H(�)
0 000 1 086 0 461 0 582 0 538 0 492 0 264 V=W

0 440 0 430 0 623 0 399 0 423 0 359 0 258 Sa

(pga = 0 24 g) wQDvUp=

478 8 603 5 699 3 536 5 419 3 363 7 289 3 Vmax

0 98 0 76 9 3 11 3 14 9 14 8 23 2 D1 max

3 72 3 69 55 2 65 2 89 3 89 0 110 8 Dmax
0; 0 04 0 0 0 0 0 0 CCDI
0 024 0 0 556 0 033 0 041 0 04 0 04 TDI
0 04 0 04 0 61 0 73 0 99 0 99 1 23 Dt=H(�)
0 316 0 398 0 462 0 354 0 277 0 240 0 191 V=W
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Wdesign W20 5 |xvwtv 3 |xvwtv 2 |xvwtv 1 |xvwtv 4 |xvwtv  ?=k |}xR=U pmW
#xrRrR

 |WQ@ |=yQ=w}O w =y?=kv=}t V}=Q; |rm KQ]

0 305 0 332 1 021 1 196 1 303 1 325 1 500 Period (T)

1 95 2 423 1 441 0 915 0 921 0 943 0 800 Sa

(pga = 0 82 g) x@ wm
2950 6 1113 8 1060 6 1011 1 614 1 Vmax

48 24 23 53 25 67 24 34 32 8 D1 max

103 7 298 9 262 6 270 9 398 7 Dmax

0 24 0 124 0 284 0 274 0 43 CCDI
Collapsed 0 155 Collapsed 0 078 0 078 0 089 0 087 TDI

0 00 0 69 0 00 1 99 1 75 1 81 2 66 Dt=H(�)
0 000 1 152 0 000 0 435 0 414 0 395 0 240 V=W

3 331 3 12 0 601 0 444 0 315 0 298 0 215 Sa

(pga = 1 58 g) G} QDQwv
2520 8 1290 5 999 1 911 2 557 5 Vmax

25 81 14 85 16 84 19 37 23 08 D1 max

94 31 180 84 145 53 138 64 129 45 Dmax

0 1 0 0 072 0 18 0 27 CCDI
Collapsed 0 101 Collapsed 0 05 0 049 0 067 0 048 TDI

0 00 0 63 0 00 1 21 0 97 0 92 0 86 Dt=H(�)
0 000 0 984 0 000 0 504 0 390 0 356 0 218 V=W

1 555 1 589 0 652 0 874 0 772 0 732 0 549 Sa

(pga = 0 83 g) T@]
2518 1 884 3 916 3 850 6 610 5 Vmax

11 7 28 06 23 16 28 03 37 12 D1 max

67 3 349 1 358 3 364 7 391 0 Dmax

0 0 178 0 278 0 152 0 514 CCDI
Collapsed 0 055 Collapsed 0 092 0 082 0 078 0 078 TDI

0 00 0 45 0 00 2 33 2 39 2 43 2 61 Dt=H(�)
0 000 0 983 0 000 0 345 0 358 0 332 0 238 V=W

1 143 1 197 0 334 0 162 0 213 0 213 0 188 Sa

(pga = 0 54 g) p}Hvt
938 1537 9 955 4 724 0 662 3 646 5 420 9 Vmax

8 93 4 18 9 01 9 28 13 39 13 35 17 73 D1 max

46 22 48 86 126 2 92 77 116 03 117 83 144 73 Dmax

0; 0 3 0 0 0 0 0 0 CCDI
0 084 0 045 0 187 0 038 0 037 0 038 0 041 TDI
0 31 0 33 0 84 0 62 0 77 0 79 0 96 Dt=H(�)
0 366 0 601 0 373 0 283 0 259 0 252 0 164 V=W

0 421 0 417 0 304 0 332 0 272 0 255 0 218 Sa

(pga = 0 24 g) wQDvUp=

733 3 774 8 599 7 541 4 456 7 477 6 380 2 Vmax

1 53 1 15 7 96 10 39 12 9 14 24 19 86 D1 max

22 17 15 44 116 05 154 23 154 47 161 44 173 52 Dmax

0; 0 016 0 0 0 0 0 0 096 CCDI
0 049 0 009 0 039 0 043 0 041 0 041 0 027 TDI
0 15 0 10 0 77 1 03 1 03 1 08 1 16 Dt=H(�)
0 286 0 303 0 234 0 211 0 178 0 186 0 148 V=W
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Wdesign W20 5 |xvwtv 3 |xvwtv 2 |xvwtv 1 |xvwtv 4 |xvwtv  ?=k |}xR=U pmW
#xrRrR

 |WQ@ |=yQ=w}O w =y?=kv=}t V}=Q; |rm KQ]

0 515 0 515 1 487 1 637 1 724 1 741 1 894 Period (T)

1 993 1 993 0 815 0 620 0 555 0 546 0 456 Sa

(pga = 0 82 g) x@ wm
1274 8 901 3 887 3 685 7 Vmax

19 0 17 6 19 8 32 5 D1 max

316 8 317 6 321 1 381 7 Dmax

0 324 0 35 0 36 0 468 CCDI
Collapsed Collapsed Collapsed 0 077 0 075 0 081 0 074 TDI

0 00 0 00 0 00 1 51 1 51 1 53 1 82 Dt=H(�)
0 000 0 000 0 000 0 353 0 250 0 246 0 190 V=W

2 159 2 159 0 221 0 172 0 148 0 142 0 096 Sa

(pga = 1 58 g) G} QDQwv
1954 2 2464 3 1116 8 1332 0 950 0 829 2 488 8 Vmax

23 7 15 4 41 6 14 2 16 4 15 8 14 6 D1 max

158 1 153 2 134 4 121 6 136 7 129 2 101 7 Dmax

0 02; 0 79 0 06 0 266 0 0 0 24 0 154 0 162 CCDI
0 143 0 089 0 223 0 049 0 047 0 055 0 046 TDI
0 75 0 73 0 64 0 58 0 65 0 62 0 48 Dt=H(�)
0 542 0 683 0 310 0 369 0 263 0 230 0 136 V=W

1 198 1 198 0 556 0 496 0 480 0 481 0 523 Sa

(pga = 0 83 g) T@]
3795 9 1153 6 955 2 857 9 723 5 Vmax

21 9 21 1 21 5 24 3 45 1 D1 max

173 3 418 2 432 0 447 9 637 3 Dmax

0 16 0 142 0 232 0 14 0 652 CCDI
Collapsed 0 11 Collapsed 0 08 0 081 0 083 0 086 TDI

0 00 0 83 0 00 1 99 2 06 2 13 3 04 Dt=H(�)
0 000 1 053 0 000 0 320 0 265 0 238 0 201 V=W

0 602 0 602 0 190 0 171 0 157 0 156 0 161 Sa

(pga = 0 54 g) p}Hvt
1440 0 1563 9 947 8 641 5 577 8 583 9 510 7 Vmax

20 1 2 6 9 0 8 7 10 5 11 6 20 4 D1 max

84 3 63 0 155 8 162 1 162 1 163 1 231 4 Dmax

0 02; 0 56 0 0 0 0 0 0 118 CCDI
0 126 0 04 0 131 0 037 0 037 0 037 0 055 TDI
0 40 0 30 0 74 0 77 0 77 0 78 1 10 Dt=H(�)
0 399 0 434 0 263 0 178 0 160 0 162 0 142 V=W

0 625 0 625 0 222 0 179 0 162 0 160 0 182 Sa

(pga = 0 24 g) wQDvUp=

1170 0 1170 0 605 1 496 4 490 2 422 9 433 6 Vmax

2 7 2 7 7 3 8 9 11 5 10 6 16 9 D1 max

60 5 60 5 183 0 180 7 174 9 172 4 211 5 Dmax

0; 0 08 0 0 0 0 0 0 CCDI
0 022 0 022 0 031 0 029 0 032 0 035 0 047 TDI
0 29 0 29 0 87 0 86 0 83 0 82 1 01 Dt=H(�)
0 324 0 324 0 168 0 138 0 136 0 117 0 120 V=W
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O=OaD w |WtN ?=k sDU}U |=Q=O |Oqwi |=y?=k |}xRQr Q=DiQ VywSB u}= QO
'OvDUy OwN |xv=yO 3 R= |m} QO |UOvyt ?=kv=}t |=Q=O xm 7 w 5 '3 '1 C=k@]
|=Q=O x@=Wt |=y?=k =@ =y?=k u}= Q=DiQ TBU "CU= xDiQo Q=Qk xar=]t OQwt
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|}xrRrR ẁkw CQwY QO "OW Oy=wN xR=U x@ OQ=w |=ywQ}v V}=Ri= u; ?k=aDt w
<=[a= Qo}O Q=w}O ?} QND w |]NQ}e pL=Qt x@ xR=U OwQw w O=} R COW =@
=yxR=U QO w Ow@ Ovy=wNv xOQ=w |=ywQ}v ptLD x@ QO=k =yuwDU w =yQ}D Q}_v
|=yxR=U 'pY=L G}=Dv T=U=Q@ p@=kt QO "OyO|t MQ VR} QwQi �Wdesign�
"OvQ=O xOQ=w |=yxrRrR Q@=Q@ QO |@ wr]t Q=}U@ OQmrta |UOvyt ?=kv=}t |=Q=O
Qw] x@ |DNU w |@v=H Ctw=kt V}=Ri= Ea=@ |UOvyt |=y?=kv=}t OwHw

"OwW|t �Q}PBpmW |=yxR=U� pwkat

"wQDvUp= |xrRrR CLD xk@] 5 |xR=U QO C=k@] |}=H@=H |xv}W}@ "17 pmW

"x@wm |xrRrR CLD xk@] 7 |xR=U QO C=k@] |}=H@=H |xv}W}@=HQO "18 pmW

Vmax '8|i}] ?=DW Sa 'QwmPt |=ypwOH QO u}vJty "CU= ?=k C=k@] QO
|xv}W}@ Dmax 'pw= |xk@] |}=H@=H |xv}W}@ D1 max 'xk@] VQ@ |xv}W}@
'10pm |@=QN XN=W TDI '9uwDU |atHD |@=QN XN=W CCDI 's=@ |}=H@=H
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V}=Ri= QO |Q}F-=D '|UOvyt ?=kv=}t OwHw xm |DQwY QO "OvQ=O |Y=N C=O}ytD

"CW=O Oy=wNv xR=U uw}U=Ovwi QO C=O}ytD
w Vy=m 'u=QoQ=m \UwD =]N RwQ@ p=tDL=� xR=U pLt QO ?Yv w =QH= CrwyU �

=yCWwv=B
1. �ber reinforced polymer/plastic

2. isolated in�ll frame
3. Mainstone
4. push over
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5. smooth
6. slip-lock
7. Park et al (1987)
8. spectral acceleration
9. cumulative column damage index
10. total damage index
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