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ABSTRACT

In performance-based design methods, it is clear that the evaluation of the nonlinear response is required. Analysis methods available to the design engineer today are
Tonlinear time history analyses, or monotonic static nonlinear analyses, or equivalent static analyses with simulated inelastic influences. The nonlinear time analysis is the
most accurate method in computing the nonlinear response of structures, but it is time-consuming and necessitate more efforts. Some codes proposed the capacity
spectrum method based on the nonlinear static analysis to determine earthquake-induced demand. The nonlinear direct spectrum method is proposed and studied to
avaluate nonlinear response of structures, without iterative computations, given by the structural linear vibration period and vield strength from pushover analysis. The
Jurpose of this paper is to compare the accuracy and the reliability of approximate nonlinear methods with respect to shear buildings and various earthquakes. The
sonclusions of this study are summarized as follows: 1) Linear capacity spectrum method may fail to find a convergent answer or make a divergence. Even if a convergent
answer is found, it has a large error in some cases and the error varies greatly depending on earthquakes. 2) Although nonlinear capacity spectrum method need much
ess calculation than capacity spectrum method and find an answer in any case, it may be difficult to obtain an accurate answer and generally large error occurs. 3) The
“onlinear direct spectrum method is thought to have good applicability because it produce relatively correct answer than other methods directly from pushover curves and
onlinear response spectrums without additional and iterative calculations.
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HiMEY SAHS st MEH AZ9 XFSEHHI}
E 3 XTI
. Epic. | Char. | Dur.
EQ |dentifier Earthquake Date Mag. Station Com- | PGA Dist. |Period| Time
No. ponent| (g)
(km) | (sec) | (sec)
Short Duration(SD)
EQ1 |WNB7MWLNO90| Whittier Narrows 1 Oct 87 | M,=6.1| Mount Wilson Caltech Seismic Station | 90 |0.175| 18 | 0.20 |39.98
EQ2 | BBI2CIVC360 Big Bear 28 Jun 92 M=66 Civic Center Grounds 360 0544 12 | 040 (60.00
EQ3 | SP88GUKA360 Spitak 7 Dec 88 M&=69 Gukasyan, America 360 |0207| 57 | 055 (19.99
EQ4 | LP8ICORR090 Loma Prieta 17 Oct 89 M7 Corralitos Eureka Canyon Rd. 90 (0478 8 0.85 |39.98
EQ5 | NRO4CENT360 Northridge 17 Jan %4 M~6.7 Century City 360 |0221| 19 | 1.00 (5998
EQ6 | IV79ARY7140 Imperial Valley 15 Oct 79 | M,=6.6 Array #7-14 140 0333 27 | 1.20 (3687
Long Duration(L.D)
EQ7 | CH85LLEOO10 Central Chile 3 Mar 85 Mg=78| Lloleo-Basement of 1-Story Building 10 (0711 60 | 0.30 [116.38
EQ8 | CH85VALPQ70 Central Chile 3 Mar 85 M=7.8| Valparaiso University of Santa Maria 70 |0176| 26 | 055 [79.37
EQQ | IVAOELCN180 Imperial Valley 18 May 40 | M,=6.3 El Centro Irrigation District 180 | 0.348| 12 | 065 [31.18
EQ10| TB78TABS344 Tabas 16 Sep 78 M,=71 Tabas 344 10937 | <3 | 080 [49.98
EQ11| LN92JOSH360 Landers 28 Jun 92 M, =15 Joshua Tree 360 |0274| 15 | 1.30 [79.98
EQI2| MX85SCTI270 | Michoacan 19 Sep 85 | ag,=.1 |SCT1-Secretary of Communication and\ oz | 474 | a7 | 2,00 180,08
Transportation
Forward Directivity(FD)
EQ13| LN92LUCN250 Landers 28 Jun 92 M;=75 Lucerne 250 |0.733| 42 | 020 |49.28
EQ14| IV79BRWY315 Imperial Valley 15 Oct 79 | M,=6.6 Brawley Municipal Airport 315 (0221 43 | 0.35 |97.88
EQ15| LP8OSARA360 Loma Prieta 17 Oct 89 Mg=71 Saratoga Aloha Avenue 360 |0504 28 | 040 [40.00
EQ16 | NROANWHL360 Northridge 17 Jan 94 M~6.7 Newhall LA County Fire Station 360 10589 19 | 080 (59.98
EQ17{ NR94SYLHO0 Northridge 17 Jan 94 My=6.7| Sylmar County Hospital Parking Lot 90 (0604 15 | 090 |59.98
EQ18{ KOBKOMSNS |Hyogo-Ken Nambu 17 Jan 95| M,=7.2 Takatori-kisu 360 |0617 11 | 1.40 {4000
E 4 NRHAO olst of® £x=&9f zaz #H2lSH (unit, mm)
- SD LD FD
1 g EQ1 t EQ2 { EQ3 | EQ4 | EQ5 | EQ6 | EQ7 | EQR | EQ9 {EQI0}EQ11 | EQ12 | EQI3| EQI4 | EQ15| EQ1I6 | EQI7 ) EQ18
2 64 | 460 {170 | 348 | 140 | 193 | 569 | 124 | 173 | 455 | 201 | 102 | 30.7 | 201 | 241 | 620 | 320 | 665
03| 4 48 | 328 1145|493 1193 | 305|531} 165|262 | 556 | 305 | 160 | 333 | 183 | 244 | 838 | 44.7 | 90.7
8 38 | 358|208 699 | 236|424 | 589 198|366 | 777|376 | 246 | 445 | 295 | 320 | 1148 | 706 | 1219
2 6.1 | 625 | 335 | 1438 912 [ 1496|1275 478 | 749 | 2164 | 912 | 1019 133.1 | 50.4 [ 1039 |304.8 | 264.7 | 4150
08| 4 64 | 508 | 358 | 1257 650 116511 99.6 | 41.9 | 80.3 | 2344 | 942 | 1608 | 1450 77.2 [ 1288 | 2520 | 216.2 | 2304
8 56 | 424 | 386 | 1618 572 { 1527112751 467 | 932 1267.0) 897 | 2573|2159 96.3 | 151.1 | 2006 | 256.3 ] 255.0
2 6.1 | 566 | 450 [201.7 ] 122.713190.0 2438 | 80.8 | 206.0 [ 4526 | 130.8 | 777.7 | 469.9 { 156.2 | 309.1 | 471.2 | 626.1 | 476.3
20| 4 48 {630 | 478 | 1816 | 904 | 2360|1844 | 62.7 | 161.5]541.8 11488 | 6297 | 614.2 | 167.1 | 3104 | 503.7 | 367.3 | 3495
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2) NCSM(E 9, 23 10, 213 13)9] vy
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O ARFH w2 A5 E4 23, APE L4
o |At A o, FFAN LA = 231%0]
agv Agd ez 2 9xpyp JeEh, B3] EQS
(35.0%), EQ12 (408%)N A & a7t Yepdnt.
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SEEA
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o Hus

Hel 22 (unit mm)
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@ 239 gF-Eo] ()Y HoE YEehon, oA
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AHE A& 9
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ER¥ed O a9 B4
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T u EQI | EQ2 | EQ3 | EQ4 | EQ5 | EQ6 | EQ7 | EQ8 | EQ9 | EQI0 | EQ11 [EQ12 | EQI3| EQ14| EQ15 | EQ16 | EQ17 | EQ18
2 * 338 * 544 | 14.7 * * o * * 89 * * 145 * NG| x
03 4 25 | 267 | 142 | 861 | 173 | 635 | 333 | 122 | 36.1 | 749 | 241 | 132 | 130 | 21.1 | 447 11300 | 658 | 1209
8 28 | 282 | 170 110851 274 | 785 | 396 | 211 | 419 | 912 | 279 | 20.1 | 490 | 287 | 564 | 1687} 83.1 | 169.2
2 « | 465 | 279 [ 10491 = * * 26.7 * * 439 |2670]1072| 559 | =~ (2362 = *
08 4 51 | 480 | 295 | 937 | 747 | 108511029 | 325 | 56.4 [ 130.0 | 688 |363.0| 1758 704 | 107.7 | 2304 | 1638 | 204.5
8 56 | 478 | 427 | 111.3| 782 | 1425|1293 | 57.7 | 86.4 | 2266 | 762 | 4669 |250.7 | 86.6 | 156.7 | 251.0 | 221.2 | 2502
2 64 | 554 | 485 | 1064|1024 = * 569 | 1664 | = |102.1[4938|5420| 111521443586 + |3223
20 4 53 | 699 | 485 [ 1382 91.2 | 2682|1585 | 559 | 1778|5316 | 100.3 | 4389 | 77/6.7 | 1247 | 211.31381.0 39832875
8 53 | 81.0 | 472 [ 1742 828 | 3335 181.1| 62.2 | 1854 |1708.2| 105.4 | 3835 |1005.8| 173.0 | 217.4 | 404.6 | 372.9 | 292.9
« @ P S FE T U BR
- gHsE 22
E 6 NCSMofl 28t ofd| =82 =45 ¢H28H (unitt mm)
T SD LD FD
! i EQ1 | EQ2 | EQ3 | EQ4 | EQ5 | EQ6 | EQ7 | EQ8 | EQ9 {EQIO|EQ11 |EQ12| EQ13 | EQ14 |EQIS|EQ16 | EQ17 | EQ18
2 36 | 411|152 | 239 | 127 | 229 | 475 | 147 | 170 | 472 | 175 | 74 | 267 | 180 | 178 | 498 | 287 | 45.2
03 4 36 | 312|107 | 198 | 135 | 175|391 | 109 | 178 { 40.1 | 191 | 91 | 21.1 | 147 | 193 | 493 | 351 | 460
8 38 | 287 | 09 | 244 | 145|180 | 373 | 94 | 188 | 450 | 221 | 11.4 | 202 | 147 | 224 | 488 | 376 | 490
2 53 | 4565 | 328 | 1364 | 643 | 1593|1234 | 523 | 762 |2304 | 846 | 55.1 | 1565| 56.1 | 94.2 | 2449 | 2035|3932
08 4 38 | 389|323 953 | 48510901044 | 37.1 | 704 (1867 | 724 | 64.0 | 1643 | 625 | 104.1 {2604 | 2159 | 291.3
8 51 | 4191290 [ 1097 627 | 1057 | 775 | 328 | 668 | 1835} 673 | 734 | 1615 732 | 1156} 2565 2009|2106
2 9.1 | 653 | 533 | 119.1]127.0|295.1 | 263.7 | 937 | 135.1 | 455.7 | 1387 | 511.0 | 406.9 | 140.7 | 240.0 | 4239 | 4585 | 431.5
2.0 4 46 | 599 | 622 | 125713183302 | 141.7 | 68.1 | 148.1 [ 410.4 | 1255 | 4653 | 478.8 | 159.8 | 206.0 | 475.0 | 434.3 | 366.3
8 43 | 643 | 556 | 1593|1052 | 261.6 | 142.0| 56.6 | 149.6 | 507.7 | 127.3 | 421.6 | 571.0 } 159.0 | 223.0 | 5004 | 362.0 | 259.6
¥ 7 NDSMol| 25t ofdl =22 a5 HASH (unit mm)
T SD LD FD
] i EQl | EQ2 | EQ3 | EQ4 | EQ5 | EQB | EQ7 | EQB | EQO | EQI0|EQI1 |EQ12 | EQ13 | EQ14 | EQ15 | EQ16 | EQ17 | EQ18
2 48 [ 422 | 170 | 229 | 185 | 231 | 457 | 140 | 183 | 544 | 236 | 130 | 330 | 124 | 236 | 61.7 | 351 | &44
03 4 48 | 330|137 | 371 {221 | 239 | 457 | 132 | 246 | 574 | 302 | 165 | 244 | 178 | 244 | 650 | 429 | 777
8 43 13561191 | 597 { 251 {394 | 485 | 21.1 | 320 | 803 | 363 | 287 | 434 | 267 | 366 | 1049 | 640 | 1153
2 51 1503 | 424 [ 1306] 993 {1610 1229 414 | 83.1 12123] 907 | 67.1 | 1532 64.8 | 1064 | 2822|2502 | 4206
08 4 43 | 450 | 424 | 1189 782 | 1476 |101.3] 384 | 823 [241.8| 998 | 950 | 1763 | 820 | 135.1 | 2489|2131 | 2484
8 51 | 467 | 467 11407 | 79.2 | 141511331 | 409 | 85.9 | 2652 | 84.8 | 184.7 | 2375|1008 | 1572|2352 | 227.8 | 195.1
2 84 | 686 | 46.0 | 1288|1240 (3625|3145 | 826 | 176.8 | 449.6 | 139.2 | 576.3 | 470.2 | 138.9 | 336.6 | 483.6 | 541.3 | 394.0
i 20 4 46 | 699 | 493 [163.1[11993564 (1463 | 64.8 | 1450 |700.4 | 127.3 | 606.8 | 640.3 | 1605 | 3274 [ 5415 | 4214 | 3109
8 43 | 782 | 622 | 2167 | 955 | 3315|1666 | 64.5 | 161.8|10239| 1232 | 303.3 |1060.2] 1735 ] 302.8 | 607.1 | 362.2 | 267.7
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