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This study presents a new method, applicable to evaluation and design of structures has been
developed and illustrated by comparison with the Capacity Spectrum Method (CSM), adopted by the
Applied Technology Council (ATC-40., 1996). This method uses inelastic spectra and gives peak
responses consistent with those obtained when using the nonlinear time history analysis (NL-THA).
Hereafter, the seismic demands assessment method is called in this paper Ductility Spectrum Method
(DSM). It is used to estimate the seismic deformation of Single-Degree-of-Freedom (SDOF) bilinear
systems based on inelastic response spectrum.
This proposed procedure is a relatively simple method for determining the seismic demands of
structures. It combines the Nonlinear Static Analysis (Pushover analysis) of SDOF bilinear model
shown in figure (1), with a demand spectrum. This seismic demand formulated in the ductility demand
– period format are applied, it is determined by using the Ductility Demand Response Spectrum
(DDRS Spectrum) that was developed by the author in his last work (Chikh et al., 2012).
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Figure 1. SDOF System and (b) Capacity curve

This feature represents the major difference with respect to the DSM Method. Moreover,
seismic demand can be obtained without iteration. The differences between the proposed method and
the CSM Method are discussed, and some examples are processed to check these differences.
The procedure to construct the ductility response spectrum for inelastic systems is based on
normalized yield strength of structures. This parameter can be obtained using Pushover curve after
idealization in Acceleration-Displacement format (Figure 2).
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(1)
Where
stands for the Peak Ground Acceleration
Yield strength coefficient.
Use of the processing of capacity curve in Acceleration – Displacement format, the coefficient
is determined by the following formula:

(2)
Spectral acceleration
Yield strength
Masse of the system

Figure 2. (a) Capacity curve and (b) capacity diagram

The value of the ductility factor is read from the DDRS spectrum and multiplied by to obtain
.The DDRS is constructed also for El Centro 1940 ground motion (N/S)
the peak deformation,
component (PGA=0.32g, PGV=36.14 cm/sec, and PGD=21.34cm) and is shown in figure 3.

Figure 3. DDRS for inelastic system computed for El Centro 1940 (N/S) component ( = 0.25, 0.5, 0.75, 1, 1.5,
2, 2.5from top line to bottom line)

An application based mainly on the comparison of CSM method to the proposed method
developed in this paper that gives the same results to those of the Nonlinear Time History Analysis
(NL-THA). Ductility and inelastic displacement demand determined by the DSM and the CSM
method of ATC -40 associated with the El Centro 1940 earthquake are compared in Figure 4 (a and b).
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Figure .4 Comparisons of two approaches CSM and DSM (a) Ductility and (b) Displacement
The efficiency of the DSM is evident; the designer needs only to have the DSM for the design
earthquake (s) to determine peak response of any structure, namely, base displacement and base shear.
The DSM method is applicable to a variety of uses such as a rapid evaluation technique for a
large inventory of buildings, a design verification procedure for new construction, an evaluation
procedure for an existing structure to identify damage states.
The ductility demand is given by the direct estimation where the ductility calculated from the
DDRS diagram matches the value associated with the period of the system. This method gives the
deformation value consistent with the selected DDRS inelastic response spectrum, while retaining the
attraction of graphical implementation of the ATC-40 methods.
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