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Introduction

Earthquakes and landslides are always among the most important natural hazards that many people in
the world suffer from thir adverse effects each year. Therefore, in order to reduce the mortality and
economic losses and social consequences, it is necessary, based on the current knowledge and the
latest reliable technologies, to reduce the risk of Earthquake at different points. Investigation of
seismotectonic maps shows that this area has high seismic potential and there have been many
earthquakes in this area. Due to the density of the rural population and the massive construction that
has taken place in the area of active faults, the importance of this zoning is apparent in order to
prevent the loss of life. The first and important step in the analysis of seismic risk is the strategy of
reducing population deployment in high-risk areas. Although accurate prediction of this great natural
hazard cannot be made definitively, it is possible to determine the probable location of the occurrence
of an earthquake or possible locations of landslide occurrence, so the need for zoning is apparent.
The area is about 1100 square kilometers in the south of Birjand. Bagharan Mountain range is one of
the branches of Sistan branch to the Lut zone. Sistan structural state of eastern Iran with the general
north-south trend represents a seamless earthquake of the Lut and Afghan parts.

Methodology and Methods

Fuzzy logic was first introduced by Dr. Lotfizadeh, a professor at the University of California in
1965 in an article entitled "Fuzzy sets”. Fuzzy logic is a multiplicity of logic, meaning its parameters
and variables, as well as the number of 0 or 1, can take all the values between these two numbers.

The membership of each reference entity to a particular substrate member is not definite, that is, it
cannot be said with certainty that the member in question belongs to this collection or not. This
uncertainty is done by assigning a number between 0 and 1 to this member. If this number is equal to
0, then it is possible to say with certainty that the member in question is not belong to that set, and if
this number is 1, then it can be claimed that the member in question belongs to that set. In this way,
you can represent the subsets of a fuzzy set by assigning numbers 0 and 1 to each member of the set.



Results and Discussion

In this study, four parameters of seismic alignment map, fracture coincidence, distances from fault
and unit resistance were used to study the earthquake hazard. Seismic alignment, fracture probability,
distance from the fault, distance from the waterway, unit resistance, topography, slope, the direction
of slope and precipitation were used to study the landslide hazard.

- Sequential alignment parameter

Accordingly, the maximum acceleration from the active faults on the surrounding villages is
estimated to be 0.63 g (gravity acceleration). As a result, more than 46% of the area is at high risk
and very hazardous seismic courses, and 42% of it is at high risk and high-risk classes in terms of
landslide hazard.

- Fracture Coincidence Parameter

Statistically, about 70% of the Landslides are located in high-density classes.

-Distance from fault

Due to the slope of the faults, the boundary for the faults of the 700-meter zone was considered.
Based on the results, more than 95 percent of the land surveys are located at less than 700 meters of
fault.

-Resistance Units

This division is based on the unit's resistance to weathering and the rigidity of the rock unit. Based on
the results, most of the landslides are located in low and medium risk classes.

- Slope map and slope direction

Based on the results, more than 80 percent of the landslides are formed in the topographic
topography of 10-40 degrees. The percentage of landslide distribution based on the slope parameter
indicates an almost uniform distribution in all directions.

- Rainfall

Based on the results, the area under study has a rainfall range of over 200 mm per year.

- Distance from the waterway

Based on the results, most of the land surveys are located between zero and 700 meters from the
waterways.

- Topography

The results indicate that most of the landslides are at high altitudes of over 1900 meters, which can
be due to precipitation at high altitudes.

Prioritizing Factors Affecting Landslides and Earthquakes

Among the factors affecting the earthquake, the geometric parameter had the highest weight. Among
the factors influencing the occurrence of the landslide, seismic alignment parameter, and distance
from the fault, the highest weight was allocated.

Conclusion

Based on the results obtained from the fuzzy degree maps of each of the parameters, it was
determined that there is a direct correlation between faults and landslides, so that about 95% of the
landslides of the region are located at a distance of 0 to 700 meters of fault, indicating a direct
relationship with the regional tension. Among the factors affecting the earthquake, the geometric
parameter had the highest weight. Among the factors influencing the occurrence of the landslide,
seismic alignment parameter, and distance from the fault, the highest weight was allocated.
According to the seismic alignment map, the maximum acceleration from active faults to surrounding



villages is estimated to be 0.63 g, of which 46% of the area is in high risk and very high-risk seismic
conditions, and 42% of it in high risk and high-risk classes in terms of landslide hazard contract. Based
on the fuzzy field maps, it became clear that the fuzzy algebraic and fuzzy inputs have the best
matching with the actual zoning plan so that in the fuzzy algebraic neighborhood, 80% of the land
libraries are located in 30% of the area and in two classes of high risk. Based on the earthquake fuzzy
outflow maps, it was found that the fuzzy algebraic population has the best fit with the distribution of
earthquakes in the area, with 42% of the area in the classroom being a high and very high risk of
earthquakes. After combining the maps of landslide and earthquake, it was found that the fuzzy
algebraic sum is the best match, which is 0.25, 0.09, 0.20, 0.21 and 0.20% respectively, in very low,
Moderate, high and extreme final result from the combination of earthquakes and landslides.
Keywords: Paired Comparison, Fuzzy Logic, Fuzzy Membership, Fuzzy Operators, Network Analysis,
Bagharan Mountain.
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