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ABSTRACT

This report presents an empirical study of frequency dependent duration of strong
earthquake ground motion on the territory of former Yugoslavia, using a uniformly pro-
cessed database of 330 three-component accelerograms from 183 earthquakes, recorded
at 60 sites in former Yugoslavia between 1975 and 1984. The duration is studied in 12
narrow frequency bands (channels). In each channel, the acceleration and corresponding
velocity and displacement time histories are considered as one homogeneous data set.
The duration of the strong motion part in a function f(t) of ground motion (accelera-
tion, velocity or displacement) is defined in each frequency band as the sum of the time
intervals during which the integral f; f(7)dr has the fastest growth and gains 90% of its
final value. In each frequency band, the duration is modeled as a sum of two terms, the
“basic duration”—the duration of strong motion observed at rock sites, and the “site
conditions” term—prolongation due to specific geological and local soil conditions at the
recording site. Two groups of empirical models are studied, one with the earthquake
magnitude and the other one with the site intensity as a scaling parameter. An algorithm
is presented for choosing a model depending on which earthquake and site parameters are
available for a particular application. The results also includes probability distribution
functions for the residuals of the models, which allows one to estimate the probability
of a given duration at a site being exceeded, given the earthquake size and location (or
site intensity) and the local site conditions.

The Yugoslav database is deficient in records from large magnitude earthquakes,
and in records at sites on basement rock (geological classification) and on deep soil
(local soil classification). Also, for many records the contributing earthquakes have
not been identified, which reduced further the number of records that could be used.
Consequently, independent development of regression models using only this database
was not possible. Instead, models developed earlier by the authors for the Western U.S.
using a more complete database were fit to the Yugoslav data.

The major trends in the regression models for the Western United States and for
former Yugoslavia are the same, but there are some differences. In the Yugoslav models,
the duration grows with magnitude at a higher rate for large magnitude earthquakes
and at high frequencies. Also, the increase of duration with distance from the source is
smaller. These differences and the pattern of the dependence of duration on intensity
support the assumption of larger wave velocities and larger quality factor @ in the upper
crust on the territory of former Yugoslavia than in the Western United States.

Although preliminary, the results of this study are adequate for estimating the
duration of strong earthquake ground motion on the territory of former Yugoslavia.
More accurate equations will be developed when a more complete database becomes
available.



TABLE OF CONTENTS

Page No
AB S T R A C T . i e e e e e e i, 1
I INT RODU CT T ION . .ottt it et et e et ettt ettt iie e eneeens 3
I.1 Objectives of this study.......c.coiiiiiiiiii i e 3
[.2 Organization of this report ... e 4
1.3 The definition of duration ............cooiiiiiii i 4
I. THE DATA............ OO SURUPTORURTY L9
II.1 General description........ccoviiiiiiiiiiiii ittt aens, 9
II.2 Selection of data to be used in the regression models of duration......... 11
I1.3 Source, path and site parameters and their influence on the duration.... 13
II.3.1 Earthquake magnitude.............c.coiiiiiiiiiiiiiii ... 13
I1.3.2 Epicentral distance and the hypocentral depth .................... 26
I1.3.3 Intensity of shaking at thesite.................. ... it 52
I1.3.4 Geological and the local soil conditions at the site................. 66
III. REGRESSION MODELS ...ttt e ettt eaneaas 91
ITI.1 General description of the models................coiiiiiiiiiiiin... 91
ITI.2 Models with the earthquake magnitude as the main scaling parameter... 95
IT1.2.1 Duration as a function of magnitude and epicentral distance ..... 95

IT1.2.2 Duration as a function of magnitude, epicentral distance and site
CONAItIONS « oottt ettt e e e e e e 108
II1.2.3 Duration and hypocentral depth ................................ 116
ITI.3 Models with the intensity at the site as the main scaling parameter..... 118
IT1.3.1 Duration as a function of intensity and hypocentral distance ..... 118

ITI.3.2 Duration as a function of intensity, hypocentral distance and site
CONAItIONS « ottt i e i 139
II.4 Choosing amodel.........ccoiiiiiiiiiii ittt ieiiinnnens 139

IV. COMPARISON WITH THE DURATION OF STRONG MOTION

IN THE WESTERN U.S. i ettt ettt e ieanans 142
IV.1 Dependence on earthquake magnitude.................ccoivvviiiinn.... 142
IV.2 Dependence on distance to the source ...........ccovviiiiiiiiininnn... 156
IV.3 Dependence on intensity of shaking..................ccciiiiiiia... 160
IV.4 Dependence on site conditions...........covviiiiiiiiiiiiiiiiinnnnn.. 172
V. CONCLUSION S . . e e et e ettt et it eannens 173
VI REFERENCES . i i et ittt ettt aieaans 174



