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>750 Rock or rock I
375-750 Very dense sar}d or gravel or very i
stiff clay
175-375 Dense or medlum dense sand, gravel I
or stiff clay
<175 Loose to medium cohesionless soil v

or soft to firm cohesive soil

Table 1. Soil grouping according to standard 2800 — 4" edition
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Type ];:nvelc_)pe PG/AZ In[;ﬁzfty Duration
unction (em/s®) (em/s?) (s)
Exponential 0.357 1.98 22.334
1 Compound 0.357 2.02 13.821
Saragoni-Hart ~ 0.342 2.969 23.879
Exponential 0.367 2.29 22.778
I Compound 0.387 2.48 18.383
Saragoni-Hart  0.366 3.669 25.943
Exponential 0.438 3.585 29.738
111 Compound 0.451 3.689 20.733
Saragoni-Hart 0.425 5.02 27.638
Table 2. Specifications of the artificially generated
accelerograms
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The comparison between the displacement demand from Fig. 4.
dynamic analysis under artificial records those obtained from
the code 360 and Standard 2800 - soil type I, Compound

envelope function
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Fig. 6. The comparison between the displacement demand from
dynamic analysis under artificial records those obtained from
the code 360 and Standard 2800 - soil type I, Saragoni-Hart
envelope function
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The comparison between the displacement demand from Fig. 5.
dynamic analysis under artificial records those obtained from
the code 360 and Standard 2800 - soil type I, Exponential
envelope function
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the code 360 and Standard 2800 - soil type II, Compound
envelope function
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Abstract

Seismic design codes provide different equations for estimating displacement demands in various buildings
and structures. Such equations were usually obtained by performing regression analysis over the obtained data
from numerical models under different nonlinear analyzes. On the other hand, the application of artificial
earthquakes is allowed to be considered for design and demand assessment in structures when there is a lack
of suitable ground motions for a specific region and site. Since the accuracy of such relations affects the
reliability of demand estimating in structures, it is required to assess the efficiency of such predictive relations.
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Moreover, it is essential to assess the efficiency of those relations for artificially generated earthquakes. Hence,
in this study, the estimated demands from the design and assessment codes relations are evaluated for
artificially generated ground motions. In this regard, regulations in the fourth edition of the Iranian seismic
design code (also known as Standard 2800) and the last revision of the Iranian seismic evaluation code of
practice (also known as Code-360) are considered. Estimated demands from these codes are compared to the
results from the nonlinear time-history analysis of a group of single degree of freedom (SDOF) systems.
Although an SDOF system can not represent the complete behavior of a complex building, for the low to
medium-rise buildings with a fundamental vibration first mode, such an idealization is acceptable. In this
regard, a group of SDOF systems with the elastic-perfectly-plastic (EPP) nonlinear behavior was considered.
SDOF systems have vibration periods between 0.1s to 2.0s (as low to medium-rise buildings) with strength
reduction factors (Ry) of 2 to 8 to cover most of the common lateral resisting systems. These systems were
analyzed under the action of 24 artificially generated ground motion records. Earthquake records were
generated based on three different envelop shapes including compound shape, exponential shape, and Saragoni
and Hart shape. These envelop shapes are representing the general form of an earthquake accelerogram and
try to impose the real characteristics of an earthquake on the generated record. After employing the time-
history analysis on each SDOF system, the mean of the maximum displacement demands of SDOF systems
was obtained and compared to those from the estimating equations in Standard 2800 and Code-360. It is
observed that estimated demands from Standard 2800 are closer to those from time-history analysis when
compared with the obtained results from Code-360. Among the considered strength reduction factors, it was
observed that SDOF systems with larger R, lead to a higher difference between the time-history results and
those from codes. This is more predominant over the period range of 0.1s to 0.8s. So, relations in both codes
are required to be modified for better demand estimating. In this regard, a method is proposed for modifying
the available equations in the prementioned codes to accurately predict the displacement demands in systems
under the action of artificially generated ground motions. A comparison between the results from the modified
equations and those from the nonlinear time-history analysis shows the efficiency of the proposed method.

Keywords: Artificial ground motion, Envelop function, Time-history analysis, Demand estimation, Single
degree of freedom system

AR}



