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A STUDY ON ESTIMATION METHODS FOR RESPONSES OF NONLINEAR HYSTERETIC STRUCTURES
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Three different methods for estimating the response of single-degree-of-freedom system with bilinear hyteretic restoring
force are discussed. The first method, Method A, is based on Manual for Menshin Design of Highway Bridges, where the maximum
restoring force is regarded as the product of the seismic coefficient and the weight of the system. The second method, Method
B, uses method of equivalent linearization and acceleration response spectra. The estimated response value is obtained by
making the relative displacement or the restoring force converge. The third method, Method C, also uses the equivalent
linearization method and considers the total input energy of the earthquake and the total absorbed energy of the system due to
the earthquake. The relative displacement is made to converge until the two energies are in balance with each other. The
estimated response values of each method are compared with the results of the time history response analysis and correlation
coefficients are determined. Results show that Method B gives good estimation values for grounds of type I and 1 while
Method C shows good results for the three types of ground.
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CASE | Bttt | BARE BEMEE (gal) WEZEM (cm)

No. No. tf BZIBEg| AR Bk Cix |BRERIT| AL | BiE | Cik
1 1-a 25 1037.3 833.0 [ 1377.9 [ 1070.4 37.2 29.7 | 436 | 384
2 1-a 50 872.3 833.0 | 1124.4 | 1168.4 30.5 29.0 | 39.7 | 4.3
3 1-a 75 824.6 833.0 | 944.1 | 1151.7 28.1 28.4| 32.4| 40.0
4 1-a 100 770.4 | 833.0 | 823.7 | 1062.1 25.4 2771 27.4 ] 3641
5 1-a 125 676.0 833.0 | 744.0 | 915.1 21.3 27.0 | 23.8] 30.
6 1-a 150 600.4 | 749.7 | 690.0 | 754.6 17.9 2331 21.1| 235
7 1-b 25 957.3 833.0 | 1345.4 | 12043 51.2 445 ] 725 64.8
8 1-b 50 860.1 833.0 | 10759 | 775.0 448 4331 5661 402
9 1-b 75 764.3 833.0 | 893.9 | 626.5 38.5 4221 456 | 309
10 1-b. 100 676.5 833.0 | 778.2 | 5725 325 411 ] 3811 269
11 1-b 125 587.9 749.7 | 704.2 | 536.7 26.6 35.4 ] 329} 23.8
12 1-b 150 519.7 666.4 | 655.0 | 506.5 21.7 29.8 | 29.11 21.0
13 1-c 25 886.0 | 809.2 | 1248.5 | 889.5 63.1 57.5 | 89.5 ! 63.3
14 1-¢ 50 789.5 819.5 | 998.5| 7659 54.5 56.7 | 69.7 | 52.7
15 1-¢ 75 688.8 8298 | 846.2 | 6166 456 558 | 57.0 | 403
16 1-¢ 100 619.4 | 833.0 | 758.1 | 525.3 389 545 | 49.0 | 321
17 1-c 125 538.1 749.7 | 6869 | 459.7 31.4 469 | 423 | 257
18 1-¢ 150 472.1 583.1 639.8 | 420.1 25.1 33.2 1 373 | 213
19 2-a 25 950.7 833.0 { 13779 | 885.1 60.5 52.8 | 88.2 | 56.2
20 2-a 50 858.4 | 833.0 | 1124.4 | 762.6 53.3 51.6 | 705 | 47.1
21 2-a 75 765.3 833.0 | 944.1 | 703.7 46.1 50.4 ] 57.6 } 420
22 2-a 100 684.2 833.0 | 823.7 | 6177 39.6 493 | 48.6 | 353
23 2-a 125 646.2 833.0 | 744.0 ! 5358 359 48.1 | 423 | 288
24 2-a 150 573.5 749.7 | 690.0 | 489.5 30.0 415 | 376 | 246
25 2-b 25 991.5 735.7 }1055.7 | 1221.7 94.5 69.6 | 100.7 1 116.9
26 2-b 50 688.7 7455 | 833.6 | 876.6 63.0 68.5| 771 | 81.3
27 2-b 75 590.1 | 7553 | 707.5| 625.1 51.4 67.5| 629 | 54.9
28 2-b 100 527.2 765.1 639.8 | 498.1 433 66.5 | 54.3 | 40.5
29 2-b 125 500.1 7025 | 603.2 | 4334 38.7 58.4 | 48.7 | 32.2
30 2-b 150 465.8 567.6 | 583.6 | 394.6 33.4 43.3 | 449 | 26.5
31 2-c 25 766.3 669.8 | 864.8 | 548.4 96.6 84.1 | 109.4 | 68.3
32 2-c 50 527.4 | 680.1 666.0 | 522.0 62.8 82.6 | 80.8 | 62.
33 2-c 75 4204 | 690.4 | 569.4 | 484.8 46.2 8121 655 | 545
34 2-c 100 407.1 634.8 | 523.7 | 4341 41.7 71.2 | 56.8 ] 45.2
35 2-c 125 387.6 | 579.4 | 502.2 | 379.0 36.4 61.2 | 51.2 | 353
36 2-c 150 383.1 524.3 | 493.1 | 3423 33.0 5131 473 | 27.7
37 3-a 25 1031.8 7249 | 1057.7 | 1193.2 102.7 71.6 [105.3 [119.1
38 3-a 50 699.4 733.7 | 847.1 | 9543 67.1 70.6 | 82.1 | 93.0
39 3-a 75 602.4 | 7425 | 7205 ] 721.9 55.4 69.6 | 67.4 | 67.6
40 3-a 100 556.2 751.4 | 649.1 | 5569 48.9 68.7 | 583 | 49.0
41 3-a 125 526.7 760.2 | 608.8 | 471.3 44.1 67.7 | 524 | 384
42 3-a 150 500.6 626.1 586.2 | 426.4 39.6 52.3 | 48.2 | 32.0
43 3-b 25 904.2 6353 | 791.6 | 1338.3 134.3 93.5 | 117.2 | 200.4
44 3-b 50 422.5 645.1 608.7 | 852.1 58.0 91.8 | 86.3 |123.4
45 3-b 75 3264 | 6549 | 522.4 | 496.7 40.3 90.2 | 70.1 | 66.2
46 3-b 100 369.1 602.3 | 482.6 | 407.2 43.7 791 | 609 | 49.5
47 3-b 125 374.3 549.8 | 464.4 | 367.1 11.4 68.0 { 55.1 | 40.3
48 3-b 150 372.5 497.6 | 457.4 | 340.1 38.0 57.0 | 50.9 | 33.1
49 3-c 25 605.1 5786 | 64191 407.0 1183 [112.9 |125.7 | 78.1
50 3¢ 50 4218 5889 | 4870 | 4216 76.8 {1106 | 90.0 | 76.7
51 3-c 75 253.7 599.2 | 425.8| 407.6 38.4 (1084 | 73.2 | 69.5
52 3-c 100 266.9 496.1 401.7 | 356.0 36.7 83.2 | 640 54.7
53 3-c 125 289.9 4500 | 393.6 | 309.6 37.0 69.5| 58.0| 41.0
54 3-¢ 150 304.5 460.8 | 393.5 | 290.2 35.6 67.3 | 53.7
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