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1. Introduction

For economic reasons, current design philosophy allows buildings to experience inelastic deformations
under the influence of strong earthquake ground motions. As a result, the design lateral strengths prescribed
in earthquake-resistant design provisions are generally lower and, in some cases, much lower than the lateral
strength required to maintain a structure in the elastic range in the event of severe earthquakes. Reductions in
forces, produced by the hysteretic energy dissipation capacity of a structure, are expressed by strength
reduction factors. The yield strength-reduction factor, Ry, is defined as the ratio of the elastic strength demand
to the inelastic strength demand as follows (Chopra, 2012; Miranda, 1994):

_fy(ru:l) _ﬂ

ChH=w) @

y
in which f,(u = 1) is the lateral yielding strength required to maintain the system in the elastic range; and
fy(u = p;) is the lateral yielding strength needed to maintain the displacement ductility demand, y, less or
equal to a predefined ductility ratio y;.

Also, the inelastic displacement ratio, C,, is defined as the ratio of the peak lateral inelastic displacement
demand, u,,, to the peak lateral elastic displacement demand, u,, of a SDOF oscillator as follows (Chopra, 2012):

Aine Um
C = = — 2
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This research investigation aims to study the yield strength reduction factor and inelastic displacement ratio
using earthquakes recorded in Iran on soft soil and rock sites.

2. Methodology

To determine the yield strength reduction factor and the inelastic displacement ratio, 14 seismic ground
motions including seven ground motions recorded on soft-soil sites and seven ground motions corresponded
to rock sites, were selected. The records were corrected and linear and nonlinear time history analyses were
carried out for single-degree-of-freedom (SDOF) systems. A comprehensive study was conducted to elaborate
the effects of several parameters including the period of the SDOF system, damping ratio, ductility level and
site soil conditions on the strength reduction factor and inelastic displacement ratio. A total of 55608 linear
time history analyses, 129024 nonlinear time history analyses without iteration and 15600 analyses with an
iterative process were conducted and the results were obtained individually for soft-soil and rock sites.
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3. Results and discussion

The results indicate that the yield strength reduction factor and inelastic displacement ratio depend
significantly on the period of the system and the level of ductility and slightly on the soil type at the site. The
results also elucidate that with an increase in the ductility level, the strength reduction factor increases in the
medium- and long-period regions, and the inelastic displacement ratio increases in the short-period region.
The expressions proposed by Miranda (Miranda, 1991) and also by Nassar and Krawinkler (Nassar, 1991), give
slightly larger values of strength reduction factor for short-period systems in rock sites in Iran, whereas the
equations proposed by Ruiz-Garcia and Miranda, slightly lead to lower estimates of inelastic displacement ratio
in the short-period region. The mean values of yield strength reduction factor derived by means of time history
analyses indicate that the following limit states should be satisfied for the yield strength reduction factor:

1) For very short periods (stiff systems)

Ry(T = 0,p) =1 3)
2) For very long periods (flexible systems)

Ry(T — o, ;) = C))
The following relations were proposed considering the above-mentioned limit states:

Ry=1+@u—-D[A-e )+ @Tp e )] ©)

in which a, b and c are constants obtained with the regression analysis in MATLAB software. For this
purpose, Levenberg-Marquardt algorithm was employed in which the sum of the squares of the errors between
the data points and the function is minimized. With the aid of the relation defined for the inelastic displacement
ratio, C,, in terms of the yield strength reduction factor, the former parameter is presented as follows:

N H
Cu= Ry  1+(u-1D[(1-e~T)+(bTu"1e=cT)| (©)
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Fig. 1. The yield strength reduction factor and inelastic displacement ratio obtained by the relations proposed in this
paper and other researchers

Fig. 1 shows the yield strength reduction factor and inelastic displacement ratio obtained by Egs. (5) and (6).
The spectrum obtained by Eq. (5) is compared to the relations proposed by Miranda and Bertero (1991) and
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Nassar and Krawinkler (1991) for rock sites. Also, the inelastic displacement ratio derived by Eq. (6) is
compared to that proposed by Ruiz-Garcia and Miranda (2003). A similar figure was obtained for these
parameters considering ground motions recorded on soft soil.

4., Conclusions

The yield strength reduction factor and inelastic displacement ratio were studied in this paper by using
earthquake ground motions recorded in Iran on soft-soil and rock sites. Finally, expressions were proposed for
the strength reduction factor and inelastic displacement ratio in terms of the period of a system and level of
ductility by means of statistical analysis. The proposed equations are in good agreement with those obtained
by the other researchers and altogether they provide more accurate results than those proposed by the other
researchers.
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