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Modal Combination Method for Prediction of Story Earthquake Load Profiles
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ABSTRACT >> Nonlinear pushover analysis is used to evaluate the earthquake response of building structures. To accurately
predict the inelastic response of a structure, the prescribed story load profile should be able to describe the earthquake force profile
which actually occurs during the time-history response of the structure. In the present study, a new modal combination method
was developed to predict the earthquake load profiles of building structures. In the proposed method, multiple story load profiles
are predicted by combining the modal spectrum responses multiplied by the modal combination factors. Parametric studies were
performed for moment-resisting frames and walls. Based on the results, the modal combination factors were determined according
to the hierarchy of each mode affecting the dynamic responses of structures. The proposed modal combination method was applied
to prototype buildings with and without vertical irregularity. The results showed that the proposed method predicts the actual story
load profiles which occur during the time-history responses of the structures.

Key words modal superposition, earthquake loads, dynamic response, seismic analysis, earthquake engineering
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Event” M Station PGAY AP Event” M7 Station pGA® Y

Big Bear, 1992 6.5 Snow Creek 0.164 2.47 ||Northridge, 1994 6.7 Big Tujunga Station 0.265 0.96
Winchester, CA 0.076 6.96 LA, CA (USC) 0.163 1.36

Rancho Cucamonga, CA 0.051 3.18 Tarzana, CA 1.780 0.13

Pearblossom, CA 0.035 5.62 LA, CA (CSMIP) 0474 0.63

LA, CA - LA - City Terrace 0.064 3.02 Newhall, CA 0.590 0.31

LA, CA Temple & Hope 0.033  6.88 LA, CA, Hollywood Storage  0.389 0.52

Cape Mendocino, 1992 7.0  Shelter Cove, CA 0227 2.34 LA, CA Baldwin Hills 0239 0.87
El Centro, 1940 6.9 El Centro Array Sta 9 0.319  0.52 || Parkfield, 1966 6.1 Parkfield, CA Cholame 2WA  0.489 0.15
Landers, 1992 7.3 Joshua Tree, CA 0.284 0.80 Parkfield, CA Cholame 5W 0434 0.16
Desert Hot Springs, CA 0.171 1.02 Parkfield, CA Cholame 8W 0275 0.28

Palm Springs, CA 0.089  2.22 || Parkfield, 2004 6.0 Coalinga, CA 0.348 0.69

Indio, CA 0.109 1.77 || Petrolia, 1991 6.0 Cape Mendocino, CA 0.261 1.12

Hemet Fire Station 0.097 2.37 ||San Fernando, 1971 6.6 Castaic, CA 0.316 0.61

Riverside Airport 0.043 6.57 Warm Springs, CA 0.122 2.19

Featherly Park 0.052  3.00 | Taupo, NZ 1999 6.0 Lower Hutt-Naenae Substation 0.027 2.04

Livermore, 1980 5.8 APEEL Array Station 3E 0.057 3.88 || Whittier Narrows, 1987 6.1 El Monte, CA 0.237 0.65
Morgan Hill, 1984 6.1 Gilroy Array Station 1 0.095 3.37 Arcadia, CA 0292 0.50
Santa Cruz, CA 0.076 2.04 Altadena, CA 0305 0.82

N. Palm Springs 1986 6.2 Silent Valley 0.145 297 Long Beach, CA 0226 092
Northridge, 1994 6.7 LA, CA (CSMIP) 0316 0.54 Carson, CA 0.111 045

1) All acceleration data are available in the web-site, ‘http.//db.cosmos-eq.org’

3) Unit: g 4) Scale factor for calibrating ground acceleration

2) Moment magnitude of earthquakes
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