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ARTICLE INFO ABSTRACT

Avrticle history: Rockfall is one of the most important geomorphological hazards in mountainous areas, which
Received: 22 November always causes great financial and human losses, especially for communication lines (roads and
2022; railways). Zanjan - Teham and Tarem are also one of the most dangerous mountain roads in
Accepted: 24 February Ardabil province, where the risk of falling rocks seriously threatens the road. Therefore, the
2022 purpose of this research is to identify the danger zones along this road. For this purpose, in
Available online 30 April addition to a field visit to the desired area and using the 2021 Landsat OLI sensor satellite images,
2022 the layers and maps that are effective in rock fall, including: geology, slope, elevation levels, slope

direction, land use and vegetation, fault, distance from Road, distance from watercourse,
precipitation levels, isothermal, freezing data were used. The drop points collected with dual-
frequency GPS (mapping tool) were checked in the ArcGis pro software environment with the

Keywords: aforementioned criteria. Then, using the statistical method of frequency ratio coefficient,
Zoning, information value method and Shannon's entropy, which uses environmental data, zoning of the
Rocfall, risk of falling was carried out through combining and algebraic summing of the maps in five risk
classes from very low to very high. According to the results obtained in the information value
method, 64.23% of the area was assigned to high to very high risk areas. In the case of frequency
ratio method, this number was 41.7% and Shannon's entropy method was 44.01%. In order to

Shannon entropy,
Abundance ratio,

Zanjan. evaluate the zoning accuracy of the mentioned methods, two total quality indicators and accuracy
index (experimental probability) were used. The evaluation of the models showed that, in the
information value model, the mentioned indices were obtained as 0.34 and 0.95, respectively,
which have higher quality and accuracy compared to the frequency ratio and Shannon entropy
models.

1. Introduction of rapid mass movement common in mountainous

areas around the world. Rockfall is caused by
various natural and human causes, such as
earthquakes, ice-melt cycle, melting snow or
permafrost,  temperature  changes,  heavy
precipitation, release from the pressure under de-
icing, volcanic activities, and root penetration and
separation. The human factors caused by rock
falls include the weakening of the rock range,

Landslide is a term that includes all types of slope
movements and causes mass movement of
materials on slopes. This term covers all processes
that lead to mass movement of materials on
slopes. According to the type of movement, it is
classified into sliding, flow, falling, creeping and
lateral spreading movements. Rock fall is a type
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mining activities, pipe leaks, inefficient drainage,
and vibrations caused by drilling, blasting, or
traffic. Deci meters to thousands of cubic meters
move downstream at a very fast speed.

2. Methodology

The research method is based on a combination of
library and field methods in terms of practical
purpose and the process of doing the work. In this
research, statistical models of information value
and frequency ratio and Shannon's entropy
method were used to determine areas prone to
collapse and zoning. The first two models use the
statistical method and the entropy model, a
combination of the statistical model and expert
judgment. In order to organize the research
framework, the study area was first visited in the
field and the location of the points prone to falling
was recorded with GPS. Then, according to the
aforementioned models, the required GIS layers
were prepared in the form of reference and digital
terrain. To prepare the zoning layers, geological
layers, slope and slope directions, elevation levels,
land use and vegetation, faults, maps of ice lines,
annual temperature and precipitation, distance
from the road, distance from the waterway were
used. First, 20-meter measurement lines with a
pixel size of 20x20 meters were prepared using a
1:25000 topographic map in the ARCGIS
environment, then measurement curves and DEM
of the area were created. Maps of slope and slope
direction,  elevation levels, precipitation,
isothermal, annual frost and waterway network
were created through DEM and meteorological
data. The geological and fault map was created by
digitizing the

3. Results & Discussion

After creating effective maps on the risk of rock
fall, the quantitative data of risk zones was
extracted using relations 1, 3 in the ARCGIS
information  table and  Excel  software
environment. Finally, in ArcGIS software, using
the Raster calculator environment and the
relationship below, the zoning of rock fall on the
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Zanjan-Tehm-Taram road was done.The rocks
around the Zanjan-Taham-Taram road are
separate and resistant sedimentary formations
such as sandstone, siltstone, mudstone, with
interlayers of tuff. The slopes are 60 to 80 percent
in the abundance ratio model and the slopes are
between 20 and 40. Percentages in the information
value method have the greatest impact on rock fall
risk. Altitude levels of 1500 to 2000 in both LN
and FR methods have the greatest effect on rock
fall on the Zanjan-Tehm-Churzak road, which
shows the complete coordination of climatic
factors (rainfall, temperature and freezing days)
and slope and lithology. In both models, the ratio
of frequency and value of information, semi-dense
and dense pastures have the greatest impact, and
worn-out barren lands and irrigated agriculture
have the least role in the rock fall of the Zanjan-
Tham-Taram road. Dense and semi-dense pastures
play a role in increasing rock fall by infiltrating
water from rainfall, physical and chemical
weathering, and creating slippery surfaces.
Almost from the distance of 1000 meters and
above, the risk of falling increases in both zoning
models. The main reason for this is the distance of
fault lines from steep areas with high altitude
levels. Climatic factors in the occurrence of rock
fall phenomenon on the Zanjan-Tham-Taram
road. Because in these months, the phenomenon
of cryoclast, thermoclastic and infiltration of rain
water and snow melting of the mountains reach
their peak.

5. Conclusion

In this research, various influencing factors in the
occurrence of rock falls on the Zanjan-Teham-
Taram road were investigated. Since mass
movements such as rock falls on the roads act in a
systematic way, as a result, all factors play their
own role in the occurrence of such phenomena.
But in the meantime, some factors play a more
colorful role. In the study area, among the
influencing factors of rock type, slope, elevation
levels, land use, number of freezing days, distance
from the road, and precipitation are more involved
in the occurrence of rock fall.
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