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Prediction of the Areas Vulnerable to Earthquake in Mashhad City
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Expanded Abstract

Introduction

The map of earthquake-vulnerable areas around.our country shows that more than two third of
all the land is on high risk zones on which most of populated cities are located. These areas are
more influenced by activities of faults and they have shallow quakes near the surface. This is to
the extent that 90 percent of all the cities in the country are vulnerable to a 5.5 Richter's
earthquake. Two existing powerful and active faults in two sides of Mashhad City, with short
distance to the city, show a high risk zone. The city is located in a distance of 20 km to a fault
100 km long in east and southeast of the city and also in a distance just 2 km to a fault of 90 km
long in south and southwest part of Mashhad. Up to 275 microseisms and earthquakes took
place in Mashhad in 2006; 3 of them were more than 4.5 Richter and one with 6.6 Richter, as
the most important in Mashhad. During the period 1891-2011, the City had population 60 times
and 40 times the area. Given that, the city is a hub of religious tourism. More than 20 million
pilgrims and tourists are allowed to enter the city each year. The population density in the area
can convert an earthquake into a harmful humanitarian disaster.

Methodology

Fuzzy logic in GIS software was used for zonation of Mashhad vulnerability during possible
earthquakes. In this software, small functions were used for fuzzification and fuzzy
multiplication operator was used to overlap the data.

Results and Discussion

Overall results show that the west parts of the city have the highest risk of earthquake, while
central and eastern parts are experiencing the lowest levels of relative earthquake risk. District 9
has the highest risk and following that the districts 12, 2, 11, and 10 have most risks, in order.
District Samen has the lowest level of earthquake risk and districts 5, 3, and 4 are relatively low
risk zones. Among three of the most populated districts of Mashhad, i.e. 2, 3, and 9, the districts
9 and 2 have high risk and district 3 is the only one with low risk of earthquake. But district
number 9 which is the third one in the order of population in this city has also a high rank in the
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view of earthquake risk. It is the most risky district in the city. Thus, it seems that special

attention should be paid to the earthquake dangers in this region. It is obvious that the old

buildings in Mashhad must be more considered, those with relatively high risks of earthquake

damages based on findings. Some other results of this study are as follows:

- 51 percent of the city's area with 1.45 million residents is located in high risk region.

- After 1980s more than two third of the city has spread into high and very high risk region.

- 63 percent of old buildings and 55 percent of the areas with more than 120 people density
are placed in high and very high risk regions.

- 81 percent of residential buildings and 86 percent of commercial/ administrative/
accommodations buildings are located in relatively high and very high risk regions.

- 76 percent of 4 floor and higher buildings are located in relatively high and very high risk
regions.

Finally, it is suggested that if more extension of this city is required, more attention should
be paid to the faults around the city and more growth towards the west, specially extending in
district number 9, should be avoided. Therefore, to avoid spreading of the city into high risk
regions, it is suggested to let it be extended towards the north east. It should be noted that all the
results and suggestions given in this study are merely based on the researches related to
earthquake risks on the basis of corresponding indices. It is obvious that a vast number of
studies and researches from a variety of viewpoints are necessary to set programs to make
development in a metropolis like Mashhad.

Conclusion

Imbalance and unprincipled growth of the city especially in the last decades, construction near
the faults and places with geologic instability, lack of practical abilities to manage a disaster,
existing vulnerable buildings and lots of more factors show that in case of a severe earthquake
in Mashhad lots of irreparable damages-and-casualties would occur. Thus, according to the
above agents and investigation about how vulnerable is this city to an earthquake, we can say
that disaster management is consistent with behavioral and structural schools. Because we see
unprincipled behaviors based on behavioral school like non-standard constructions, use of
improper materials, establishment of slums, improper foundation, construction in the canals and
watercourses, and etc., Based on structural thought, management problems and the absence of a
united management in case of a disaster can also play a role in intensification of a disaster.
Finally, to reduce Mashhad's vulnerability to possible earthquakes following suggestions are
presented:

Providing a database from close or effective faults, which can make trouble;

Managing secondary risks like fire, gas leakage, flood and ...;

Reinforcing existing buildings as far as possible;

Preventing any construction without obeying seismic codes;

Cooperation and interaction among all related organizations;
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