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11. Fault-Normal Component
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1. Introduction

Time histories of strong ground motion records are of great importance in the field of structural earthquake
engineering. They are used as input data in various studies aiming at earthquake protection of structures. Real,
artificial, and synthetic seismograms are the three kinds of these input data. Real seismograms are those
recorded during earthquake events, artificial seismograms are known as those numerically generate in such a
way that their response spectrum corresponds to a target spectrum, and synthetic seismograms are those
obtained based on geological considerations (Rezaeian and Kiureghian, 2010). The real seismograms are
sometimes unavailable even in high seismicity regions, when strong earthquakes have not been recorded after
major historical earthquakes. Such a lack can be overcome through the application of modified real ground
motions from other regions, which is a controversial method and may result in unrealistic evaluations
(Shahjouei and Pezeshk, 2015). Historical earthquakes should then be synthesized. This is the objective of
research being presented.

2. Methodology

The generation of synthetic seismograms is first investigated through the review of the literature, and the
most practical method is determined as the method proposed by Halldorsson and Papageorgiou (2005). The
history of earthquakes occurred in Iran is then studied, and a uniform catalog is provided. Faults map of Iran is
obtained based on the recorded events. The ratio of historical earthquakes to instrumentally recorded events
is calculated by province and the most important region for this study is defined as the region with the highest
ratio. After the verification by previous studies and recorded ground motions the method of Halldorsson and
Papageorgiou (2005) is used to generate synthetic accelerograms for the historical earthquakes occurred in
the region considered for the case study. Two different soil types are considered at three different distances
from active faults and the synthetic accelerograms are generated by SeismoArtif (SeismoSoft Group, 2016a).
The importance of synthesizing historical earthquakes is also evaluated based on their effect on the accuracy
of design spectra. SeismoSpect (SeismoSoft Group, 2016b) is used to this purpose, and the mean and mean plus
one standard deviation spectra are created for the six events considered to synthesize accelerograms. The 4t
edition of the Iranian code of practice for the seismic resistant design of buildings - Standard No. 2800 (PCIRC,
2014) is considered as the reference for comparisons.
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3. Results and discussion

There are a number of methods for the generation of synthetic seismograms. Deterministic and stochastic
methods are the two main methods (Lam et al., 2000). Empirical Green’s functions are also used as more
sophisticated methods (Agrawal, 2004). Practical application, however, requires a simple and robust method.
The method proposed recently by Halldorsson and Papageorgiou (2005) seems to be a practical method. It is
also used in SeismoArtif (SeismoSoft Group, 2016a), which is known as the most famous software for
generating seismogrames.

The provincial uniform catalog of both historical and instrumental earthquakes occurred in Iran is provided
(see appendix 1), and the city of Tabriz is determined as the most important city for the study of synthesizing
historical earthquakes. This is because of that it is located in a high seismicity region of the East Azerbaijan
province with the highest number of historical events (74% of all the earthquakes) compared to the
instrumentally recorded earthquakes (26% of all the earthquakes).

A phenomenon-based map of Iranian faults (see appendix 2) was presented based on the reported
epicenters of the earthquakes occurred in Iran, and it is used to calculate the Joyner-Boore distances, which are
required for the generation of synthetic accelerograms based on the method used in this research.

Verification analyses are carried out based on the generation of synthetic accelerograms for the real ground
motions of the component L of the Ahar station of the first 2012 Ahar-Varzeghan earthquake and the
component 090 of the LA0OO station of the 1994 Northridge earthquake, which is also compared to the synthetic
accelerogram generated by Rezaeian and Kiureghian (2010). It is indicated that the method used in this
research for the generation of synthetic accelerograms is reliable and can be applied in practice. Synthetic
accelerograms are then generated for the historical earthquakes of Tabriz (see appendix 3).

Design spectra for the city of Tabriz are created based on the 36 accelerograms synthesized for the historical
earthquakes occurred in this city. They are compared to the design spectra provided in Standard No. 2800 for
this city, and it is shown that the accuracy of design spectra can be increased based on the generation of
synthetic accelerograms.

4. Conclusions

Synthesizing accelerograms for historical earthquakes was evaluated to be reliable and practical by the
method of Halldorsson and Papageorgiou (2005) through the application of SeismoArtif (2016a). These
synthesized time histories can directly be used to simulate the effects of earthquakes on structures. They can
also be used to create the design spectra with the accuracies increased compared to the creation of spectra
based on modified real ground motions selected from other regions.
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