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ABSTRACT

Alluvial fans are among the areas prone to geomorphological hazards. One of these
hazards is liquefaction, which the main purpose of this research was to investigate
this phenomenon in the surface of the Leilan alluvial fan. The FUZZY-VIKOR
combined model was used to prepare the liquefaction risk potential map. The used
parameters in this research were: slope, depth of underground water, type of soil
and seismicity. The information layers of each of these parameters were prepared
in the ArcGIS software environment. Next, the fuzzy model was used to
standardize the layers. At the end, the weighting of the parameters was done by
Vikor method. . The results of weighting the parameters by Vikor method showed
that two parameters of soil and depth of underground water have obtained the
highest importance coefficient with the weight of 0.442 and 0.236 respectively.
The final map was prepared by overlapping the layers and multiplying the final
weight of the criteria in each layer in 5 classes from very low to very high potential.
The final map was prepared by overlapping the layers and multiplying the final
weight of the criteria in each layer in 5 classes from very low to very high potential.
The results of examining the area of each risk class showed that 0.28% of the area
is in the very high class and 70% is in the high class in terms of the risk of
liquefaction. Mainly, the areas with high risk potential are located in the
downstream parts of the region.
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Introduction

The Leilan alluvial fan, located in the northwest of Iran, has been exploited by humans due to its
topographical, geological, and climatic conditions, and many cities (Leilan and Miandoab) and villages have
been established on its surface. the alluvial fan hasbecome vulnerable to geomorphic hazards due to its
Excessive use of capacity by its inhabitants over several years. this study mainly investigates the hazard of
liguefaction on the surface of the Leilan alluvial fan. The FUZZY-VIKOR combined model and GIS
technique were used to prepare the liquefaction hazard potential map. The following parameters were used in
this study: slope, depth of underground water, type of soil, and seismicity.

Methodology

The Leilan alluvial fan is located within the boundaries of the West and East Azerbaijan provinces, and the
cities of Leilan and a part of the city of Miandoab are located on it. This alluvial fan is located in the
geographical coordinates of 36° 55' 10" to 37° 00' 40" north latitude and 46° 06" 17" to 46° 17' 17" east
longitude. The area of this alluvial fan is about 108.3 Km?.

In this study, the following materials and tools have been used to prepare a map of the hazard of liquefaction:
- Topographic maps with a scale of 1:50000 and 1:250000

- Geological maps with a scale of 1:100,000

- Maps of soil texture

- Landsat satellite images of OLI-TIRS sensor with pass and row 168-34.

- Google Earth images

- Groundwater quality and level data that was prepared by the regional water organization of East Azerbaijan
and West Azerbaijan.

- Seismographic data from the Earthquake Research Institute website

- Field data collection using a GPS device

- Digital Elevation Model (DEM) with a spatial resolution of 12.5 meters
Results and Discussion

After preparing each of the information layers used in this part of the research in ArcGIS software, parameters
were weighted using the Fuzzy VIKOR model. First, the importance coefficient of each of the effective
parameters in the occurrence of liquefaction in the study area was determined using the Analytical Network
Process (ANP) model (Table 1).

Table (1): The coefficient of the importance of the effective parameters in the occurrence of liquefaction using the ANP method

parameter soil Groundwater depth slope Seismicity
importance coefficient 0.540 0.160 0.157 0.141
Inconsistency index 0.046

The decision weight matrix was prepared and normalized by determining the importance coefficient of the
parameters. Next, by calculating the optimal amount of data, the influence coefficient of each parameter on
the occurrence of liquefaction was determined using the VIKOR model (Table 2). According to The results
of weighting the parameters by the VIKOR method, two parameters of soil and depth of underground water
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have obtained the highest importance coefficient with the weight of 0.442 and 0.236 respectively, which
indicates the importance of these parameters in the risk of liquefaction in the region.

Table (2): The final weight of effective parameters in the occurrence of liquefaction using Vikor method

parameter soil Groundwater depth slope Seismicity
importance coefficient 0.442 0.236 0.173 0.148
Conclusions

In the present study, a map of the hazard potential of this liquefaction was prepared in the Leilan Alluvial fan.
For this purpose, 4 effective criteria in the occurrence of this hazard, including slope, soil, depth of
underground water and seismicity, were used to prepare a zoning map. In the following, Vikor's multi-criteria
decision-making method and fuzzy model were used to determine the weight and importance of criteria in the
occurrence of liquefaction. The zoning map of the hazard of liquefaction using the FUZZY-VIKOR model
for the Leilan Alluvial fan showed that the downstream areas of the Alluvial fan are susceptible to this hazard.
The results of examining the area of each risk class showed that 0.28% of the area is in the very high class
and 70% is in the high class in terms of the hazard of liquefaction.
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Table(1): The Possibility of Liquefaction in Different Geomorphic Units ( Iwasaki et al,1982)
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Fig (2): Slope Map of The Study Area

Soir) ol Gos

Sy o5 jebay wslyns g wril gl L*-’;’-’ boglsl g aud )3 518 oluwl mhow 5 50 oS aiiee oISy, £689 dxivne Sl
gl 30 09790 (555095 sloolr gloools I (e o Ges 4t ad Cuz ;o iz ;0 OV AAY I u pol 5 ) 2igds
L (P U)ol onds (bows (6w Al 4 Sz )7 obiyg,yo g, 5l eolatul L beol> sladads slaosls g ool colaswl dalais
Ol s g 035 ) G 4y 3,5 5l 5 (e 2l Ol Saz blie o 4 3,0 5l dilate (ceges s &SGl 4 4z
2l oo Vb laceond ol 5o (2]l £989 Jloiol cplnle bl oo YL adlaie Cundimly Gblie (foej

1. Seed & Idriss

a4



Ol es g (g Lisosgld 39599 Joo 3l ool b (21,5515 0 yboloo (us 4ty 9 (L3

033 2l s Al (Y) S
Fig (3): Groundwater Depth Map
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Fig (4): Soil Map of the Study Area
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Fig (5): Seismic Map of the Study Area
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Table (2): The Coefficient of Importance of the Effective Parameters lin the Occurrence of Liquefaction Using the ANP
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Table (3): The Final Weight of Effective Parameters In the Occurrence of Liquefaction Using Vikor Method
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Fig6: Potential Risk Map of Liquefaction on the Surface of Leilan Alluvial Fan
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