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ABSTRACT

Past studies have shown that aftershocks can increase structural damage,
especially for structures damaged in the mainshock and experienced
nonlinear behavior. This damage is generally the result of increased
lateral displacement of the structure and thus, it is necessary to estimate
the lateral displacement of the structure under seismic evaluation
accurately. Although the target displacement in the nonlinear static
analysis method is calculated by means of relationships presented in
performance-based design codes, the effect of the aftershock is not taken
into account. In this study, the impact of aftershock on inelastic
displacement ratio is considered as the most effective factor in
determining the target displacement. The results showed that this ratio
increases significantly due to aftershocks. The dispersion of the results led
to the investigation of the hazard levels of the input earthquakes and
subsequently using the scaling method of the accelerograms. For this
purpose, a target aftershock spectrum was generated by a statistical study
on the maximum acceleration ratio of the mainshock and its
corresponding  aftershocks, thereby the aftershocks scale to an
independent target acceleration spectrum. Comparison of the responses
from scaling revealed that dispersion in results are an inherent issue and
cannot be resolved. Finally, by modifying in the current relationship of the
code, a new formula has been proposed for the inelastic displacement
ratio such that the mean error values were reduced as much as possible.
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No. Event Station Date PGA (g) Magnitude
MS AS MS AS MS AS
1 Livermore APEEL 3E Hayward CSUH 1/24/1980 1/27/1980 0.0649 0.0572 5.80 542
2 Livermore Del Valle Dam (Toe) 1/24/1980 1/27/1980 0.2560 0.0449 580 542
3 Livermore San Ramon — Eastman Kodak 1/24/1980 1/27/1980 0.1497 0.2798 5.80 542
4 Livermore San Ramon Fire Station 1/24/1980 1/27/1980 0.0551 0.0454 5.80 542
5 Irpinia, Italy Bisaccia 11/23/1980 11/23/1980 0.0955 0.0624 690  6.20
6 Irpinia, Italy Brienza 11/23/1980 11/23/1980 0.2196 0.0389 690  6.20
7 Irpinia, Italy Calitri 11/23/1980 11/23/1980 0.1264 0.1535 690  6.20
8 Irpinia, Italy Mercato San Severino 11/23/1980 11/23/1980 0.1404 0.0467 690  6.20
9 Irpinia, Italy Rionero In Vulture 11/23/1980 11/23/1980 0.0961 0.0996 690  6.20
10 Irpinia, Italy Tricarico 11/23/1980 11/23/1980 0.0469 0.0212 690  6.20
11 Whittier Narrows Alhambra - Fremont School 10/1/1987 10/4/1987 0.2897 0.1806 5.99 5.27
12 Whittier Narrows Altadena - Eaton Canyon 10/1/1987 10/4/1987 0.1631 0.1989 599 527
13 Whittier Narrows Beverly Hills - 12520 Mulhol 10/1/1987 10/4/1987 0.0871 0.0321 599 527
14 Whittier Narrows Big Tujunga Angeles Nat 10/1/1987 10/4/1987 0.2068 0.1739 599 527
15 Whittier Narrows La Crescenta - New York 10/1/1987 10/4/1987 0.1494 0.1334 599 527
16 Whittier Narrows Mill Creek Angeles Nat 10/1/1987 10/4/1987 0.0959 0.0338 599 527
17 Whittier Narrows Mt Wilson - CIT Seis Sta 10/1/1987 10/4/1987 0.1227 0.1451 599 527
18 Whittier Narrows Pasadena - Old House Rd 10/1/1987 10/4/1987 0.2368 0.3671 599 527
19 Whittier Narrows Studio City - Ventura & Coldwater 10/1/1987 10/4/1987 0.2151 0.0517 599 527
Cyn Av
20 Whittier Narrows Sun Valley - Sunland 10/1/1987 10/4/1987 0.0765 0.0370 599 527
21 Whittier Narrows Sunland - Mt Gleason Ave 10/1/1987 10/4/1987 0.0896 0.0611 599 527
22 Whittier Narrows San Marino - SW Academy 10/1/1987 10/4/1987 0.1936 0.2062 599 527
23 Whittier Narrows Villa Park - Serrano Ave 10/1/1987 10/4/1987 0.0451 0.0168 5.99 5.27
24 Northridge Anacapa Island 1/17/1994 3/20/1994 0.0673 0.0132 6.69 528
25 Northridge Beverly Hills - 12520 Mulhol 1/17/1994 3/20/1994 0.6209 0.1532 6.69 528
26 Northridge Big Tujunga, Angeles Nat F 1/17/1994 3/20/1994 0.1683 0.1082 6.69 528
27 Northridge Burbank - Howard Rd. 1/17/1994 3/20/1994 0.1116 0.0625 6.69 528
28 Northridge Castaic - Old Ridge Route 1/17/1994 1/17/1994 0.5683 0.1384 6.69 593
29 Northridge LA - Chalon Rd 1/17/1994 3/20/1994 0.2153 0.0819 6.69 528
30 Northridge LA - Temple & Hope 1/17/1994 3/20/1994 0.1261 0.0380 6.69 528
31 Northridge LA - UCLA Grounds 1/17/1994 1/17/1994 0.2779 0.1385 6.69  6.05
32 Northridge La Crescenta - New York 1/17/1994 3/20/1994 0.2210 0.0838 6.69 528
33 Northridge Lake Hughes #12A 1/17/1994 3/20/1994 0.1744 0.0150 6.69 528
34 Northridge Littlerock - Brainard Can 1/17/1994 3/20/1994 0.0720 0.0140 6.69 528
35 Northridge Pacoima Kagel Canyon 1/17/1994 3/20/1994 0.3013 0.1520 6.69 528
36 Northridge Palmdale - Hwy 14&Palmdale 1/17/1994 3/20/1994 0.0614 0.0141 6.69 528
37 Northridge Rancho Cucamonga-Deer Can 1/17/1994 3/20/1994 0.0715 0.0134 6.69  5.28
38 Northridge Rancho Palos Verdes 1/17/1994 1/17/1994 0.0725 0.1541 6.69  6.69
39 Northridge San Marino - SW Academy 1/17/1994 3/20/1994 0.1162 0.0275 6.69  5.28
40 Northridge Sandberg - Bald Mtn 1/17/1994 1/17/1994 0.0909 0.0085 6.69 520
41 Northridge Simi Valley - Katherine Rd 1/17/1994 3/20/1994 0.8043 0.0779 6.69 528
42 Northridge Sunland - Mt Gleason Ave 1/17/1994 3/20/1994 0.1330 0.0734 6.69 528
43 Friuli, Italy Tolmezzo 5/6/1976 5/7/1976 0.3571 0.1174 6.50 5.20
44 Mammoth Lakes Convict Creek 5/25/1980 5/25/1980 0.4190 0.3710 6.06 5.70
45 Mammoth Lakes Long Valley Dam 5/25/1980 5/27/1980 0.430 0.9450 6.06 594
46 Lazio Abruzzo, Cassino-Sant' Elia 5/7/1984 5/11/1984 0.1459 0.0373 5.80  5.50
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47 Chi-Chi, Taiwan CHYO010 9/20/1999 9/20/1999 0.1743 0.0811 7.62 6.20
48 Chi-Chi, Taiwan CHYO019 9/20/1999 9/22/1999 0.0657 0.0547 7.62 6.20
49 Chi-Chi, Taiwan CHYO022 9/20/1999 9/22/1999 0.0449 0.0637 7.62 6.20
50 Chi-Chi, Taiwan CHYO028 9/20/1999 9/20/1999 0.6364 0.2057 7.62 6.20
51 Chi-Chi, Taiwan CHYO029 9/20/1999 9/25/1999 0.2891 0.2424 7.62 6.30
52 Chi-Chi, Taiwan CHY041 9/20/1999 9/25/1999 0.3030 0.1556 7.62 6.30
53 Chi-Chi, Taiwan CHY042 9/20/1999 9/20/1999 0.0995 0.0953 7.62 6.20
54 Chi-Chi, Taiwan CHYO050 9/20/1999 9/22/1999 0.1069 0.0596 7.62 6.20
55 Chi-Chi, Taiwan CHYO061 9/20/1999 9/22/1999 0.0287 0.0334 7.62 6.20
56 Chi-Chi, Taiwan CHY062 9/20/1999 9/22/1999 0.0596 0.0344 7.62 6.20
57 Chi-Chi, Taiwan CHY074 9/20/1999 9/25/1999 0.2338 0.1347 7.62 6.30
58 Chi-Chi, Taiwan CHY079 9/20/1999 9/25/1999 0.0506 0.0472 7.62 6.30
59 Chi-Chi, Taiwan CHYO080 9/20/1999 9/20/1999 0.8601 0.2186 7.62 6.20
60 Chi-Chi, Taiwan CHYO081 9/20/1999 9/25/1999 0.0445 0.0326 7.62 6.30
61 Chi-Chi, Taiwan CHYO086 9/20/1999 9/20/1999 0.2055 0.1142 7.62 6.20
62 Chi-Chi, Taiwan CHYO087 9/20/1999 9/25/1999 0.1278 0.0823 7.62 6.30
63 Chi-Chi, Taiwan CHY0102 9/20/1999 9/22/1999 0.0496 0.0574 7.62 6.20
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