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Study on the influence of ground motion duration on the damage spectra of
single-degree-of-freedom systems
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Abstract: The duration of ground motion can significantly influence the cumulative damage and failure levels of
structures, but its impact on structural response is inadequately considered in current seismic design. To explore the
effect of ground motion duration on structural damage, this study employs a spectral matching method combined
with wavelet transform to select 115 ground motion records of varying durations from the Japan strong-motion
database (K-NET). Earthquake damage spectra under two different restoring force models were calculated, and a
comprehensive analysis was conducted on the effects of ground motion duration, yield strength reduction factor,
structural natural period and other factors on the structural damage spectrum. Additionally, 585 natural earthquake
records of varying durations and different site conditions were selected from the Pacific Earthquake Engineering
Research Center (PEER) database. Taking into account the combined influences of ground motion duration, yield
strength reduction factor, structural restoring force model, and site conditions, a damage spectrum prediction model
was developed using a differential evolution algorithm. Compared with existing prediction models, the proposed
model reduces relative errors by more than 40% , which offers improved accuracy for predicting damage spectra that

consider the effect of duration. The results of this study provide valuable insights for structural seismic design and
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damage assessment when considering the impact of ground motion duration.
Key words: ground motion duration; damage index spectrum; yield strength reduction factor; single-degree-of-

freedom system
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Table 1  Comparison of spectral characteristics of ground motion time histories before and after spectra matching

JFhG bR Bhid sk P DT 5 b 2 3T &
SIS SiHS4
Tm Tmh T(: T() H cov Tm Tmh T:; T() H cov
il 0.658 0.404 0.601 0.411 2.559 BET(EN 0.652 0.421 0.645 0.367 2.392
bRifE 2 0.176 0.132 0.161 0.129 0.581 i 0.113 0.109 0.102 0.019 0.482
AT 0.268 0.328 0.268 0.314 0.227 AR 0.173 0.258 0.158 0.054 0.201
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ground motion records and the influence of wavelet transform on the duration
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Fig. 6 Damage spectra and damage ratio spectra
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Table 2 Regression parameters and goodness-of-fit values
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Fig. 10 Regression effects of two hysteretic models
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Table 3 Natural ground motion records selected for comparing the prediction formulas

A4 Hi= Al My Vsso D55 R
RSN1799_HECTOR_OBR090.AT2 Hector Mine LA-Obregon Park 7.1 349.43 44.235 1999
RSN1823_HECTOR_SAC090.AT2 Hector Mine Salton City 7.1 324.50 52.420 1999
RSN2520_CHICHI.03_HWAO13N.AT2 Chi-Chi HWAOQ13 6.2 330.55 39.035 1999
RSN2548_CHICHI.03_HWAO48N.AT2 Chi-Chi HWA048 6.2 345.89 28.412 1999
RSN2548_CHICHI.03_HWAQ048W.AT2 Chi-Chi HWA048 6.2 345.89 35.844 1999
RSN2550_CHICHI.03_HWAOS5S0N.AT2 Chi-Chi HWA050 6.2 313.90 19.492 1999
RSN2550_CHICHI.03_HWAQ50W.AT2 Chi-Chi HWAO050 6.2 313.90 18.592 1999
RSN2638_CHICHI.03_TCUQ98E.AT2 Chi-Chi TCU098 6.2 346.56 23.270 1999
RSN2700_CHICHI.04_CHYO025E.AT2 Chi-Chi CHYO025 6.2 277.50 20.755 1999
RSN2744_CHICHI.04_CHYO88E.AT2 Chi-Chi CHYO088 6.2 318.52 20.530 1999
RSN2749_CHICHI.04_CHY096W.AT2 Chi-Chi CHY096 6.2 293.61 41.604 1999
RSN2764_CHICHI.04_HWAOIIN.AT2 Chi-Chi HWAOI11 6.2 355.76 30.215 1999
RSN3320_CHICHI.06_CHY111W.AT2 Chi-Chi CHY111 6.3 276.34 77.940 1999
RSN3818_HECTOR_RLD360.AT2 Hector Mine Riverside-Limonite & Downey 7.1 329.84 25.830 1999
RSN4925_CHUETSU_AKTHO3EW.AT2 Chuetsu-oki AKTHO3 6.8 320.23 77.220 2007
RSN5066_CHUETSU_GNMOO7EW.AT2 Chuetsu-oki GNMO007 6.8 287.37 45.810 2007
RSN5069_CHUETSU_GNMO10EW.AT2 Chuetsu-oki GNMO10 6.8 297.19 94.240 2007
RSN51_SFERN_PVEI155.AT2 San Fernando 2516 Via Tejon PV 6.6 280.56 54.215 1971
RSN5297_CHUETSU_SITO0OSEW.AT2 Chuetsu-oki SITO05 6.8 274.77 55.050 2007
RSN5449_CHUETSU_YMTHOSNS.AT2 Chuetsu-oki YMTHOS8 6.8 320.31 87.290 2007
RSN5463_IWATE_AKTOOSEW.AT2 Iwate AKT008 6.9 298.50 76.410 2008
RSN5481_IWATE_AKTHO3NS.AT2 Iwate AKTHO3 6.9 320.23 41.660 2008
RSN5488_IWATE_AKTH10NS.AT2 Iwate AKTHI10 6.9 333.55 51.380 2008
RSN5493_IWATE_AKTH17NS.AT2 Iwate AKTH17 6.9 288.82 45.890 2008
RSN5499_IWATE_AOMOO4NS.AT2 Iwate AOMO004 6.9 337.17 39.340 2008
RSN5500_IWATE_AOMOOSEW.AT2 Iwate AOMO05 6.9 287.59 87.170 2008

RSN5573_IWATE_FKSHO3NS.AT2 Iwate FKSHO3 6.9 349.74 71.050 2008
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RSN5751_IWATE_YMTOO8EW.AT2 Iwate YMTO008 6.9 339.92 54.390 2008
RSN5767_IWATE_YMTHOSEW.AT2 Iwate YMTHO8 6.9 320.31 32.300 2008
RSN5771_IWATE_YMTH14EW.AT2 Iwate YMTH14 6.9 310.88 55.940 2008
RSN5774_IWATE_54008EW.AT2 Iwate Nakashinden Town 6.9 276.30 25.230 2008
RSN5836_SIERRA.MEX_EMO0270.AT2 El Mayor-Cucapah El Centro-Meloland Geot. Array 7.2 264.57 24.645 2010
RSN5954_SIERRA.MEX_23631-H1.AT2 El Mayor-Cucapah San Bernardino-110/215 Int 7.2 271.00 33.565 2010
RSN6013_SIERRA.MEX_2027B360.AT2 El Mayor-Cucapah El Centro-Meadows Union School 7.2 276.25 37.810 2010
RSN6014_SIERRA.MEX_0526C090.AT2 El Mayor-Cucapah Mecca Fire Station 7.2 298.71 52.560 2010
RSN6572_NIIGATA_GNMOI12NS.AT2 Niigata GNMO12 6.6 358.53 38.100 2004
RSN6588_NIIGATA_IBROO9EW.AT2 Niigata IBRO09 6.6 298.20 84.120 2004
RSN6596_NIIGATA_IBROISNS.AT2 Niigata IBRO18 6.6 285.00 56.700 2004
RSN6643_NIIGATA_KNGOO6EW.AT2 Niigata KNG006 6.6 330.71 83.710 2004
RSN6795_NIIGATA_TKYO04NS.AT2 Niigata TKY004 6.6 302.26 49.420 2004
RSN6798_NIIGATA_TKYOO7NS.AT2 Niigata TKY007 6.6 261.65 72.840 2004
RSN6818_NIIGATA_TYMOO7NS.AT2 Niigata TYMOO7 6.6 328.81 41.350 2004
RSN6896_DARFIELD_DORCN20W.AT2 Darfield DORC 7.0 280.26 27.925 2010
RSN6910_DARFIELD_HMCSN53W.AT2 Darfield HMCS 7.0 289.69 40.580 2010
RSN6933_DARFIELD_MAYCN76W.AT2 Darfield MAYC 7.0 342.70 25.540 2010
RSN800_LOMAP_SJW160.AT2 Loma Prieta Salinas-John & Work 6.9 279.56 21.495 1989
RSN8057_CCHURCH_AMBCNS6E.AT2 Christchurch AMBC 6.2 336.98 43.600 2011
RSN8057_CCHURCH_AMBCSO4E.AT2 Christchurch AMBC 6.2 336.98 42.935 2011
RSN8127_CCHURCH_SBRCS31E.AT2 Christchurch SBRC 6.2 263.20 13.060 2011
RSN869_LLANDERS_WST270.AT2 Landers LA-N Westmoreland 7.3 315.06 24.045 1992
RSN880_LANDERS_MCF090.AT2 Landers Mission Creek Fault 7.2 355.42 40.775 1992
RSN970_NORTHR_FAI095.AT2 Northridge-01 El Monte-Fairview Av 6.7 290.63 20.130 1994
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