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Inelastic Displacement Ratios for Smooth Hysteretic System

Considering Characteristic Period of Earthquakes
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/] ABSTRACT /

In order to predict inelastic displacement response without nonlinear dynamic analysis, the equal displacement rule can be used for the
structures with longer natural periods than the characteristic period, Ty, of earthquake record. In the period range longer than T, peak
displacement responses of elastic systems are equal or larger than those of inelastic systems. In the period range shorter than T, opposite
trend occurs. In the equal displacement rule, it is assumed that peak displacement of inelastic system with longer natural period than T
equals to that of elastic system with same natural period. The equal displacement rule is very useful for seismic design purpose of
structures with longer natural period than Tj,. In the period range shorter than T, the peak displacement of inelastic system can be simply
evaluated from the peak displacement of elastic system by using the inelastic displacement ratio, which is defined as the ratio of the peak
inelastic displacement to the peak elastic displacement. Smooth hysteretic behavior is more similar to actual response of real structural
system than a piece-wise linear hysteretic behavior such as bilinear or stiffness degrading behaviors. In this paper, the inelastic
displacement ratios of the smooth hysteretic behavior system are evaluated for far-fault and near-fault earthquakes. The simple formula

of inelastic displacement ratio considering the effect of Ty is proposed.
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Table 1. Far-fault ground motion records used in this study
SAC Earthquake Distance PGA PGV Tg
NO. Name Record Magnitude (km) (cm/sec?) (cm/sec) (sec)
1 LAO7 Landers, 1992, Barstow 7.3 36 412.98 66.08 3.762
2 LA08 Landers, 1992, Barstow 7.3 36 417.49 65.68 3.055
3 LA09 Landers, 1992, Yermo 7.3 25 509.70 91.31 1.393
4 LA10 Landers, 1992, Yermo 7.3 25 353.35 60.35 1.425
5 LA45 Kern, 1952 7.7 107 141.49 24.7 1.393
6 LA46 Kern, 1952 7.7 107 156.02 243 3.351
7 LA47 Landers, 1992 7.3 64 331.22 40.84 0.919
8 LA48 Landers, 1992 7.3 64 301.74 25 0.504
9 SE05 West. Washington, Olympia, 1949 6.5 56 376.18 29.83 0.606
10 SE06 West. Washington, Olympia, 1949 6.5 56 345.11 34.7 1.185
11 SEO07 West. Washington, Seattle Army B., 1949 6.5 80 289.19 36 0.898
12 SE08 West. Washington, Seattle Army B., 1949 6.5 80 381.26 40.93 0.877
13 SE11 Puget Sound, Wa., Olympia, 1949 71 80 737.82 52.35 1.528
14 SE12 Puget Sound, Wa., Olympia, 1949 71 80 584.52 40.04 1.493
15 SE13 Puget Sound, Wa., Federal OFC B., 1949 71 61 362.31 45.31 0.592
16 SE14 Puget Sound, Wa., Federal OFC B., 1949 71 61 297.30 35.34 0.650
17 SE15 Eastern Wa., Tacoma County, 1949 71 60 284.72 24.99 0.681
18 SE16 Eastern Wa., Tacoma County, 1949 71 60 563.47 53.32 0.713
19 SE17 Llolleo, Chile 1985 8 42 684.27 46.98 0.8
20 SE18 Llolleo, Chile 1985 8 42 657.89 37.58 0.429
21 SE19 Vinadel Mar, Chile, 1985 8 42 531.05 61.18 0.729
22 SE20 Vinadel Mar, Chile, 1985 8 42 376.88 32.92 0.696
23 SE25 1949 Olympia 6.5 56 878.23 69.65 0.606
24 SE26 1949 Olympia 6.5 56 805.68 81 1.185
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Table 1. Continued
NO. | e Record Ev\j:g:iﬁf Dls(fr:)c ) (cr:/Gstcz) (cr:?s\;c) (sfc)
25 SE27 1965 Seattle 71 80 1722.40 122.23 1.528
26 SE28 1965 Seattle 71 80 1364.70 93.48 1.493
27 SE29 1985 Valpariso 8 42 1605.50 110.23 0.8
28 SE30 1985 Valpariso 8 42 1543.50 88.17 0.429
29 SE31 1985 Valpariso 8 42 1246.2 143.57 0.729
30 SE32 1985 Valpariso 8 42 884.43 77.26 0.696
31 SE33 Deep Interplate (simulation) 7.9 65 781.31 93.54 1.637
32 SE34 Deep Interplate (simulation) 7.9 65 634.36 66.82 0.729
33 SE35 1978 Miyagi-oki 74 66 595.07 91.27 0.681
34 SE36 1978 Miyagi-oki 7.4 66 768.62 123.63 1.08
35 BOO1 Simulation, hanging wall 6.5 30 121.97 7.55 0.382
36 BO02 Simulation, hanging wall 6.5 30 72.93 8.45 1.425
37 BO03 Simulation, foot wall 6.5 30 141.37 11.22 0.348
38 BO04 Simulation, foot wall 6.5 30 109.65 2.08 0.746
39 BO13 Saguenay, 1988 5.9 96 196.5 6.44 0.34
40 BO14 Saguenay, 1988 5.9 96 284.44 9.79 0.356
41 BO15 Saguenay, 1988 5.9 98 513.58 22 0.241
42 BO16 Saguenay, 1988 5.9 98 243.68 5.72 0.230
43 BO17 Saguenay, 1988 5.9 118 179.47 12.82 0.65
44 BO18 Saguenay, 1988 5.9 118 222.98 11.18 0.182
45 BO19 Saguenay, 1988 5.9 132 172.96 10.11 0.782
46 BO20 Saguenay, 1988 5.9 132 267.23 18.12 0.429
47 BO21 Simulation, foot wall 6.5 30 309.99 19.57 1.3
48 BO22 Simulation, foot wall 6.5 30 357.04 24.66 0.481
49 BO23 Simulation, foot wall 6.5 30 328.67 20.89 1.6
50 BO24 Simulation, foot wall 6.5 30 235.26 16.49 1.131
51 BO25 Simulation, foot wall 6.5 30 284.46 25.42 0.579
52 BO26 Simulation, foot wall 6.5 30 302.80 24.18 0.696
53 BO33 Saguenay, 1988 5.9 96 562.33 18.44 0.34
54 BO34 Saguenay, 1988 5.9 96 768.21 28.03 0.356
55 BO35 Saguenay, 1988 5.9 98 1475.10 63.19 0.241
56 BO36 Saguenay, 1988 5.9 98 699.90 16.44 0.235
57 BO37 Saguenay, 1988 5.9 118 514.13 36.73 0.65
58 BO38 Saguenay, 1988 5.9 118 638.76 32.04 0.182
59 BO39 Saguenay, 1988 5.9 132 495.52 28.98 0.782
60 BO40 Saguenay, 1988 5.9 132 765.61 51.93 0.429
Average 536.51 4438 0.906
Table 2. Near-fault ground motion records used in this study
NO. I\?:r:e Record Er\j;tgr?i?j:: DIS('t:E)(:e (cmP;;sAecz) (c:l(/;sl/ec) (s7e-i:)
1 LAO1 Imperial Valley, 1940, El Centro 6.9 10 452.03 62.4 2.161
2 LA02 Imperial Valley, 1940, El Centro 6.9 10 662.88 59.9 0.857
3 LAO3 Imperial Valley, 1979, Array #05 6.5 4.1 386.04 83 2.786
4 LAO4 Imperial Valley, 1979, Array #05 6.5 41 478.65 48.19 3.762
5 LAO5 Imperial Valley, 1979, Array #06 6.5 1.2 295.69 89.2 2.722
6 LA06 Imperial Valley, 1979, Array #06 6.5 1.2 230.08 47.44 3.2
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Table 2. Continued
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NO. SAC Record Earthq-uake Distance PGA , PGV Tg
Name Magnitude (km) (cm/sec”) (cm/sec) (sec)
7 LA13 Northridge, 1994, Newhall 6.7 6.7 664.93 95.55 0.579
8 LA14 Northridge, 1994, Newhall 6.7 6.7 644.49 80.95 0.696
9 LA15 Northridge, 1994, Rinaldi RS 6.7 75 523.30 98.72 1.031
10 LA16 Northridge, 1994, Rinaldi RS 6.7 7.5 568.58 100.27 1.33
1 LA17 Northridge, 1994, Sylmar 6.7 6.4 558.43 80.19 2.37
12 LA18 Northridge, 1994, Sylmar 6.7 6.4 801.44 118.93 1.563
13 LA19 North Palm Springs, 1986 6 6.7 999.43 68.27 0.429
14 LA20 North Palm Springs, 1986 6 6.7 967.61 103.83 1.27
15 LA21 1995 Kobe 6.9 34 1258.00 142.7 0.857
16 LA22 1995 Kobe 6.9 34 902.75 123.16 0.919
17 LA23 1989 Loma Prieta 7 35 409.95 73.76 0.764
18 LA24 1989 Loma Prieta 7 35 463.76 136.91 2.851
19 LA27 1994 Northridge 6.7 6.4 908.70 130.49 2.37
20 LA28 1994 Northridge 6.7 6.4 1304.10 193.53 1.563
21 LA29 1974 Tabas 74 1.2 793.45 71.05 0.764
22 LA30 1974 Tabas 74 1.2 972.58 138.83 4.631
23 LA37 Palos Verdes (simulated) 71 1.5 697.84 177.44 2.851
24 LA38 Palos Verdes (simulated) 71 1.5 761.31 194.04 2.786
25 LA39 Palos Verdes (simulated) 71 1.5 490.58 85.5 0.54
26 LA40 Palos Verdes (simulated) 71 1.5 613.28 169.3 2.016
27 LA41 Coyote Lake,1979 5.7 8.8 578.34 69.65 0.919
28 LA42 Coyote Lake, 1979 5.7 8.8 326.81 26.79 1.425
29 LA43 Imperial Valley, 1979 6.5 1.2 140.67 42.46 2.722
30 LA44 Imperial Valley, 1979 6.5 1.2 109.45 22.59 3.2
31 LA51 Parkfield, 1966, Cholame 5W 6.1 37 765.65 42.59 0.348
32 LA52 Parkfield, 1966, Cholame 5W 6.1 37 619.36 36.87 0.492
33 LA53 Parkfield, 1966, Cholame 8W 6.1 8 680.01 31.39 1.031
34 LA54 Parkfield, 1966, Cholame 8W 6.1 775.05 32.46 0.409
35 LA55 North Palm Springs, 1986 6 9.6 507.58 36.72 0.877
36 LA56 North Palm Springs, 1986 6 9.6 371.66 25.46 1.08
37 LA57 San Fernando, 1971 6.5 1 248.14 21.78 1.3
38 LA58 San Fernando, 1971 6.5 1 226.54 27.08 1.361
39 NF01 Tabas, 1978 74 1.2 882.85 110.04 0.764
40 NF02 Tabas, 1978 74 1.2 958.67 105.83 4.525
41 NF03 Loma Prieta, 1989, Los Gatos 7 35 172.84 172.84 2.851
42 NF04 Loma Prieta, 1989, Los Gatos 7 35 449.36 91.06 2.851
43 NF05 Loma Prieta, 1989, Lex. Dam 7 6.3 672.86 178.62 1.08
44 NF06 Loma Prieta, 1989, Lex. Dam 7 6.3 362.95 68.63 0.681
45 NFO07 C. Mendocino, 1992, Petrolia 71 8.5 625.6 125.77 0.419
46 NF08 C. Mendocino, 1992, Petrolia 71 8.5 642.24 92.96 0.373
47 NF11 Landers, 1992 7.3 1.1 699.62 136.04 4.032
48 NF12 Landers, 1992 7.3 1.1 783.89 70.26 0.162
49 NF15 Nothridge, 1994, Olive View 6.7 6.4 718.16 122.19 2.37
50 NF16 Nothridge, 1994, Olive View 6.7 6.4 583.79 53.9 0.504
51 NF17 Kobe, 1995 6.9 34 1067.2 160.17 0.898
52 NF18 Kobe, 1995 6.9 34 563.99 72.35 1.27
53 NF19 Kobe, 1995, Takatori 6.9 43 7711 173.79 1.213
54 NF20 Kobe, 1995, Takatori 6.9 43 416.11 63.69 1.213
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Table 2. Continued
NO. ::r:e Record Ehj‘;tgr?i?:clif Dlifr:)ce (cmP/Gsicz) (02?5\/%) (s7e-gc)
55 SEO01 Long Beach, Vernon CMD Bldg. 6.5 1.2 170.55 51.45 2.722
56 SE02 Long Beach, Vernon CMD Bldg. 6.5 1.2 132.70 27.36 3.2
57 SE09 North Palm Springs, 1986 6 6.7 576.45 39.38 0.429
58 SE10 North Palm Springs, 1986 6 6.7 558.10 59.89 1.27
59 SE21 1992 Mendocino 71 8.5 741.13 145.24 0.819
60 SE22 1992 Mendocino 71 8.5 476.22 62.39 0.713
61 SE23 1992 Erzincan 6.7 2 593.6 123.97 2.786
62 SE24 1992 Erzincan 6.7 2 529.06 116.85 2.016
63 BO05 New Hampshire, 1982 4.3 8.4 564.78 13.22 0.429
64 BO06 New Hampshire, 1982 4.3 8.4 309.51 12.76 0.409
65 BO07 Nahanai, 1982 6.9 9.6 86.29 3.75 0.898
66 BO08 Nahanai, 1982 6.9 9.6 81.18 5.65 3.275
67 BO09 Nahanai, 1982 6.9 6.1 59.48 7.35 0.729
68 BO10 Nahanai, 1982 6.9 6.1 72.23 7.72 0.528
69 BO27 Nahanai, 1985 Station 1 6.9 9.6 246.99 10.74 0.898
70 BO28 Nahanai, 1985 Station 1 6.9 9.6 232.37 16.16 3.275
71 BO29 Nahanai, 1985 Station 1 6.9 6.1 170.20 21.03 0.729
72 BO30 Nahanai, 1985 Station 1 6.9 6.1 206.67 22.08 0.528
Average 546.36 79.65 1.579
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Fig. 6. Second-step of nonlinear regression analysis of A, considering characteristic period (case of near-fault earthquakes, p=1, 1=1.5, 2, 3,

4,5,6,7,8,9,10, and c=4)

Table 3. Coefficients to compute A, with constant ductility for smooth hysteretic model (case of T,/ Ty)

Earthquakes Smoothness (p) a b c
1 -0.329/In(£)+0.117 0.854/In(2)+0.268 4
2 -0.291/In(£9+0.105 0.517/In(2)+0.394 4
5 -0.197/In(£)+0.067 0.24/In(4)+0.514 4
Near-Fault
10 -0.145/In(1)+0.045 0.135/In(14)+0.564 4
20 -0.114/In(1)+0.031 0.087/In(1)+0.586 4
100 -0.065/In(1)+0.026 0.008/In(1)+0.684 4
1 -0.35/In(14)+0.138 1.212/In(14)+0.303 5
2 -0.321/In(£)+0.131 0.751/In(2)+0.454 5
5 -0.228/In(£)+0.101 0.388/In(2)+0.583 5
Far-Fault
10 -0.165/In(£)+0.076 0.238/In(£)+0.643 5
20 -0.119/In(£9+0.055 0.149/In(£)+0.683 5
100 -0.067/In(1)+0.0003 0.05/In(1)+0.788 5
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