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Abstract—Natural disasters, including earthquake, kill many
people around the world every year. Society rescue actions, which
start after the earthquake and are caled LAST in abbreviation,
include locating, access, stabilization and transportation. In the
present article, we have studied the process of loca accessibility to
the injured and transporting them to health care centers. With regard
the heavy traffic load due to earthquake, the destruction of
connecting roads and bridges and the heavy debris in aleys and
street, which put the lives of the injured and the people buried under
the debris in danger, accelerating the rescue actions and facilitating
the accessibilities are of great importance, obviously. Tehran, the
capital of Iran, is among the crowded cities in the world and is the
center of extensive economic, political, cultural and social activities.
Tehran has a population of about 9.5 millions and because of the
immigration of people from the surrounding cities. Furthermore,
considering the fact that Tehran islocated on two important and large
faults, a 6 Richter magnitude earthquake in this city could lead to the
greatest catastrophe during the entire human history. The present
study is akind of review and amajor part of the required information
for it, has been obtained from libraries al of the rescue vehicles
around the world, including rescue helicopters, ambulances, fire
fighting vehicles and rescue boats, and their applied technology, and
also the robots specifically designed for the rescue system and the
advantages and disadvantages of them, have been investigated. The
studies show that there is a significant relationship between the
rescue team’s arrival time at the incident zone and the number of
saved people; so that, if the duration of buria under debris 30
minutes, the probability of survival is %99.3, after aday is %81, after
2days is %19 and after 5days is %7.4. The exiting transport systems
al have some defects. If these defects are removed, more people
could be saved each hour and the preparedness against natural
disasters is increased. In this study, transport system has been
designed for the rescue team and the injured; which could carry the
rescue team to the incident zone and the injured to the health care
centers. In addition, this system is able to fly in the air and move on
the earth as well; so that the destruction of roads and the heavy traffic
load could not prevent the rescue team from arriving early at the
incident zone. The system aso has the equipment required firebird
for debris removing, optimum transport of the injured and first aid.
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|. INTRODUCTION

BOUT 110fatal earthquake have occurred in 75 countries

around the world between the years1900-1990 more than
%80 of the death toll due to these earthquakes has been in 6
countries and Iran, with a death toll of 120000,isi among these
countries[1].

Studies show that, each week 2earthquakes with less than 4
Richter magnitude, each year 3 earthquakes with 6 Richter
magnitude and each 10 years one earthquake with more than 7
Richter magnitude occur in Iran. However, the important fact
is the undesirable condition of Tehran and its high
vulnerability to the earthquake. For example, a 6 Richter
magnitude earthquake in Tehran would lead to the most
unprecedented catastrophe in the entire history [2]. On the
other hand, Tehran city has a great influence on the palitical
and economic stability of country and with an area of more
than 1200 square kilometers, is highly exposed to strong
earthquakes in the region.The transport network of this
metropolitan city , which has more than 2000 kilometers of
pathways, is involved with several issues at normal conditions
It isobviousthat in a state of happening an earthquake.

The situation becomes very abnormal and if suitable routes
for rescue actions are not previously predicted, the activities of
rescue team will face many obstacles and might be stopped
[4]. The am of present article is to find the most important
items of the transport and rescue system for the injured and
earthquake —stricken people in that area of Tehran with limited
accessibility. Providing rapid rescue action for the injured after
an earthquake and transporting them to the health care centers
are among the most important rescue problems at critical
condition. If supplying the earthquake -stricken people buried
under the debris with rescue action takes less than 72 hours,
their survival will be more probable. The question is, are we
able to design a rescue system which could transport the
injured to the hospital as early as possible, in spite of the high
density of building in Tehran, the traffic load resulting from
earthquake, destruction of roads and collapsing the debris?
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Il. RESEARCH HISTORY

According to the studies carried out by Dr. Ali gabadi
et.al, the growing and progressive trend of cigiian and
urban population is a factor for high damage in tinee of
occurring natural disaster. The expansion of conication
networks and urban infrastructures on the one hamdl
violation of the most basic safety rules in urbamstruction
and the unprogrammed growth and development i&fscdn
the other hand, provide a basis for high damage
earthquakes. Studies show that city of Tehran fanesy
fundamental problems with respect to the aboveudison.
Considering the indices obtained at the level afezp it could

be easily observed that"12one is the most vulnerable region

of Tehran and will obviously be involved with innenous

issues in a state of happening an incident. theszdi,16,14
and 20 take the next orders, respectively. On therchand ,
22nd zone is the most resistant region of the aitythe basis
of vulnerability index, and the zones 2,8,4,5 atdage placed
in the next order respectively. These results ha¥eourse,
been calculated at normal condition and withouingknto

account the distance between each zone and tlig ceister.

According to the statistical data presented by 2midour, the
senior expert at the program of reducing the ingpathatural
disasters in the ministry of health, treatment amddical

education , more than 120000 people have beerdkilke a
result of natural disaster in Iran in the past 8@rg, and %75
(91000)o0f which has been due to earthquake.

I1l. METHODS

In the present research which is a kind of crosticasal
descriptive study, earthquake has been considesedha&
independent variable and the rapidity of rescuéads the
dependent variable, and the required informationehiaeen
collected at libraries.

IV. THE GEOGRAPHICAL SITUATION OFT EHRAN

City of Tehran is located on the southern slop&ibbrz
Mountains and the northern margin of the centraledeof
Iran, on a relatively flat plain with a north-sowlope and a
height of 1700 meters in the north, 1200 meterthéncenter
and 1100 meters in the south from the level of opaters.

V.THE WEATHER CONDITIONS OFT EHRAN

Tehran has a warm and dry climate and only theheont
regions of this city, which are situated on the mtainous slop
of Alborz, are a little temperate and humid. Theximam
temperature recorded in Tehran is nearly 44c, terage
annual temperature is 17c and the amount of amaudhll is
about 20-40mm [1].

VI. THE MAIN FOULTS OFTEHRAN

The major faults of Tehran include, Masha, Fashanu
north of Tehran, Niavaran, Telo, Mahmoudieh, Shémd
Kossar, north Rey, Kahrizak, Gamsar, Pishva andhiar
faults. There are of course, many minor faultsaatiund the
city; for example Narmak, Shadabad and Baghfeiz.
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With regard to the very high number of faults irhfan and
the history of their activities in the past, we argtand the
point that a huge earthquake will happen in tHig ici the near
future. Some big earthquakes, like al.7 Richternitage in
Damavand in AD1830, a 2.7Richter magnitude in A¥,14
7.7 Richter magnitude in Taleghan in AD 958,a 1chiRir
magnitude in Rey AD 855and many other earthquakiés w
more than 7 Richter magnitude have been recordethdan
history of Tehran. The return period for the eamtikps in
Tehran is about 150-200years and because the tlastgs
earthquake in Tehran occurred 170 years ago, #le of
happening an earthquake in this city is very high[3

VIl. THE SPECIAL STATUS OH EHRAN

City of Tehran has a brood area of about 1200 squar
kilometers and more than two third of which has rbee
constructed. Tehran has population of 9.5 millif2js

With an average population of 110 people per orataie;
however. the density reaches near 350 people pectare in
some urban region %460f the buildings are old @me
regions up to %75)and the rest have not necessarggpod
structural status.3and 6 meter-width alley incluaehigh
percent of the southern zones of Tehran.

Tehran possesses a transport network composed 5& 23
kilometers of pathways; interurban highways andevirays
include nearly %9 of this network is spread allenw Tehran ;
an area of about 780 square kilometers of the haty been
constructed. Almost 1000 vehicle pass the inpupauports
of Tehran, daily. There are 180 hospitals, 4 redsaent
center, 55 fire station and about 109 police statim Tehran
and it is necessary to provide transport networgess for
these centers [4].

VIII. THE KINDS OF DAMAGE TOTEHRAN AFTER EARTHQUAKE

The list of possible damage to Tehran after earthquake is
presented below:
» Collapse of residential, commercial and office
buildings
» Disconnection of water and gas pipelines
» Disconnection of electrical grid
» Destruction and blockage of roads and bridges
Most of the buildings in Tehran are old and do hate
enough resistance to earthquake. Even most of the n
building will not be stable against earthquake aasesult of
profit seeking and illegal constructions. Many loé touildings
that have been made according to the principlesioif
engineering and stability against earthquake wilit rbe
resistant as well, because of some phenomenonsfdicfion
due to the high water level in Tehran and the tgpsoil in
some areas [5].

IX. THE URBAN TEXTURE OFTEHRAN

The urban texture of Tehran is divided into five groups:
1) The old texture, which is run-down, very
vulnerable and made of material such as adobe
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brick, wood and mud. _
2) The middle texture, which is unstable and made of 30 minutes %99.3
brick, iron and cement.

3) The new texture, which has not been constructed 1 day %81
based on the requirement related to earthquake and
the standard instructions2800. 2days %53.7
4) The new texture with average stability, specifigall
most of the towers built in the past two decades. 3days %36.7
5) The new texture with high strength.
4days %19
First group: Mainly includes Gajar-area constructions, the
village integrated into Tehran and the slums inrtieegin and Sdays hi4
the center of city; which will have the maximum daga, if an
earthquake happens. XI. THE AVAILABLE RESCUE EMERGENCY FACILITIES
Second group: Includes the middle texture with an average )
age of about 30 years. A. Helicopter

Third group: consists of the new buildings have been One of the fundamental parameters of providing uesc
constructed by builders without following the reguments actions for the injured is time. Since the heawffit load
related to earthquake safety. These buildings hasecorated following an earthquake prevents the rescue teaom fr
and illusive appearance and a high degree of vaihiléy; so arriving at the incident zone in time, using norrdstrial ways
that they would collapse by a minimum shake. Thisug of Pecomes very important. However, applying rescliedigters
buildings lack safety principles, from the aspedttgpe, has some restrictions, such as limited number oivays,
composition and the strength of the materials, cearal IMited capacity for carrying and transporting ingured and
connections and the resistance of concrete antsstaetures, the impossibility of flying over the small-width leys and
and include almost %40 of the constructions of @&ehr streets.

Fourth group: consists of the tower which have desirable B.Ambulances

Structural strength, but most of them do not h&eerequired Using Ambulances to reach the incident zone isagwv

safety; so that the excessive loading on the bedédmulted in  accompanied the problem of high traffic load duettie

the deviation from the vertical axis which increaiee blockages on roads because of the collapsed deabdsthe

probability of collapsing and thus threatens theedi of the cars have left in the middle of streets by theiners.

residents seriously. Further more, ambulances have limited capacitg&orying
Fifth group: includes part of the new buildings (and some ahe injured to the health care centers.

the old buildings)in which the necessary safetyngiples

against earthquake have been well followed and rave

seriously in danger [4].

C.Rescue Boats

Due to the absence of waterways in Tehran, boatil cmot
be applied for rescue actions.

X. THE STEPS OF SEARCH AND RESCUE AFTER EARTHQUAKE D.Rescue robots

1) Locate: It means to determine the incident zone exactly The robots have created so far to perform resceeatipns
and to find the fastest and shortest access waleto in earthquakes, are all specialized in discovetimg living
incident zone far the rescue personnel [8]. bodies buried under the debris and no robots haagento

2) Access. After specifying the location of incident, the deal with the problem of high traffic load and tartsport the
access procedure is performed through simple oe widhiured to hospitals.
spread actions, together with making the placeaés s

as possible. XII. CONCLUSION
3) Sabilize: The next step after getting access to the zone A transport system for the injured with the followi
is to stabilize the injured physically. specifications is compatible with the conditionsTehran:
4) Transport: The last step after releasing the injured, is to 1) Ability to reach the incident zone despite the high
transport them from the incident zone to a seclaeep traffic load in Tehran, which is one of the maiauss
in order to do the treatment process [6]. of this city and becomes even heavier in critical
conditions and also in the earthquake and the
TABLE | destruction of bridges and roads, the disconneation
THE PROBABLITY OF SURVIVAL VERSUS THE DURATION OF SAYING UNDER electrical grid and tuning off the traffic lights
THE DEBRIS[8] afterwards.
The duration of staying The probability 2) Capability of moving on the deb_ris, especi_ally_het
Under debri Of surviva narrow alleys of Tehran, the width of which is 3-6

meters in some areas.
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3) Being able to carry the necessary medical and eescstudy which was carried out in 1999 and certaitilg, number
equipment, such as stretcher, respiration capsute sof buildings has risen since then, due to an irseia the
the devices for immobilizing the body of the injdre population and the rate of contraction” [11].

person.

4) Having enough speed to arrive at the incident zme
early as possible; because if the duration of stayi 1]
under the debris is less than 30 minutes the chahce
survival will rise to %99.3.The probability of sival [2]
decrease with increasing the delay time.

5) Ability to carry the injured person in a suitablesgiion. [3]

The recommend system could be in the form of a Sggw 4

This is equipped with a folding stretcher and maldic

equipment at the back and is capable of movingnallswidth

pathways and on the debris. In addition, thesecgeviould be {2}

fixed (modularly and with a number of 10-15) on asé,

which is carried by a rescue helicopter. When tekcbpter [7]

lands, they move the rescue team towards the int:id%]

location, after being separated from the base; thewe the [9]

injured back to the helicopter and finally are agaied on the [10]

base and are transported to the health care cebjetbe

helicopter. [11]

XIIl. DISCUSSION

With regard to the situation of Tehran, which isdted 2
important and big fauls (Masha in the north of Behand Rey
in the south of Tehran) [3],the constructions Wittv strength
against earthquake, small-width allays specially south
Tehran [4] and the heavy traffic in Tehran (the resuic,
political and cultural capital of Iran) [4],there & need for a
rescue system which could carry the injured in aimmim
time to the health care centers in critical cooditi so that the
heavy traffic, the collapsed debris and the naratleys could
not be stop its functions.

According to the epidemiological studies on theideats
reported to the fire stations in Tehran, it has nbee
demonstrated that the number of accidents hasasedein
1379 compared to the previous decade. The avenagedf
arrival at the incident zone has been 9 minute sewbnds
and the rescue obstacles have been first relat¢idettieavy
traffic and second to the absence of enough anthldei
equipment and the narrow streets [10].

Based on the reports published by the Japanesadtitmal
Cooperation Agency (JAICA) in 1999,if an earthquake
happens in Tehran due to the activation of Reyt,#80000
buildings (%55 of the buildings) will collapsed. dmajority
of the damaged buildings will be in the™%one. The ratio of
the damage buildings to the undamaged building$ el
about %80 in the 1. 12th, 16", and 28 regions. The reasons
for this high ratio are the existence of many vrdinde
buildings and a strong earthquake movement (wite th
intensity of 9)in these area. Dr.Bahram Akkashkh,director
of the faculty of science in Islamic Azad Univeysithas
interpreted the results obtained fron"JAICA resdaia an
interview with the reporter of Mehr.He said thatétstatistical
data presented in the report are based upon thidt &fsa
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