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Landslide-prone areas are among the most hazardous
locations during an earthquake. Past events have shown that
earthquake-induced landslides can result in displacements
ranging from zero to several hundred meters. Reports from
the Iranian Seismological Center indicate that annually, more
than 175 earthquakes with magnitudes greater than 4 occur
in the country, some of which cause significant material and
human losses. Moreover, due to its diverse topographical
and geometric characteristics, Iran is consistently exposed to
the phenomenon of landslides. Earthquake damage reports
indicate that sometimes these seismic landslides have caused
serious damage in the country. Various methods including
numerical and simple methods have been proposed to predict
the seismic displacement of slopes. Because numerical
methods require numerous input parameters, which lead
to significant costs and time consumption, engineers have
turned to simpler relationships that, despite their simplicity,
possess appropriate accuracy. Among the simple methods
are analytical methods (such as rigid block, dependent, and
independent) and semi-empirical methods for predicting
the permanent seismic displacement of slopes. Many semi-
empirical methods proposed are based on Newmark’s rigid
block method, with a few also based on dependent and
independent methods. The essential condition for achieving
a semi-empirical model with acceptable accuracy is the use
of a comprehensive database of seismic records. This is
because the analytical methods, from which semi-empirical
models are derived, are sensitive to the input records and its
parameters. Based on past experiences, using local records
result in different displacements compared to global records.
Therefore, in order to achieve semi-empirical models, local
records must be used to predict the seismic performance
of slopes with acceptable accuracy. Unfortunately, despite
the occurrence of many landslides during earthquakes in
Iran and the presence of many structures in their vicinity,
no appropriate relationship based on the country’s seismic
data has been proposed for predicting earthquake-induced
displacements to date.

In this research, two semi-analytical models for predicting
seismic displacement of slopes in Iran have been proposed.
In the first step, a seismic record database containing 3,958
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seismic records (two horizontal components) resulting
from 738 earthquakes that occurred in Iran from 1975
to 2013 was collected and corrected. In the second step,
seismic displacement analyses were conducted based on
two modified analyses: rigid-block rotation and dependent-
rotation, as newly developed methods. In the third step, using
multi-stage regression methods, the equation form of the
predictive models was extracted. The results indicate that the
standard deviation of the prediction error is approximately
0.6 and 0.86 for the two predictive models.

Comparing the proposed models with other local
and global models shows that the proposed models have
acceptable accuracy in predicting displacement compared to
other models. Subsequently, to demonstrate and understand
the application of the proposed semi-empirical models, the
seismic displacement for an area of Tehran was calculated.
Figure (1) shows the comparison of the prediction model
results based on the rigid-block rotation in this research with
other models.

Figure (2) shows the variations in the calculated
displacement versus the predicted displacement of the model
based on the dependent-rotation method for slip lengths of
10, 100, and 1000 meters compared to other methods. The
standard deviation of the prediction for each model across
different slip lengths is shown in Figure (2). This figure
indicates that the displacements resulting from the proposed
model of this research have less dispersion compared to other
models at various slip lengths. For instance, at a slip length
of 10 meters, the standard deviation of this research is 0.86,
whereas the standard deviations for the models by Rajabi et
al. (2011), Tsai and Chien (2016), and Lashgari et al. (2018)
are 1.59, 1.89, and 1.14, respectively. This trend is also
observed in other slip lengths. At a slip length of 1000 meters,
the standard deviations of the models by Rajabi et al. (2011),
Tsai and Chien (2016), and Lashgari et al. (2018) are 1.77,
1.87, and 1.4 times the standard deviation of this research,
respectively. Therefore, the comparison between the models
indicates that the model presented in this research provides a
lower standard deviation than other local and global models.

In Table (1), the displacements calculated by the two
models, rigid-block rotation and coupled stick-slip-rotaion,
for an area in District 22 of Tehran are shown. As can be
seen in Table (1), the displacements resulting from the two
methods differ from each other. This difference, in addition
to the type of method, also depends on the predicted seismic
parameters.

Table 1: Seismic Parameters at a Distance (JB) of 50 kilometers

Return period
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72 475 2475
RBR (cm) 1.79 8.42 24.01
CSSR (cm) 0.43 1.28 2.27
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