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ABSTRACT:

Iran is located in a seismic region; many earthquakes on different area have been 

recorded through thousands of years. Based on seismic macrozonation hazard 

map of Iran, Tehran is located in very high level of relative seismic hazard 

zone. 

Experiences of recent earthquakes in Bam, Manjil-Rudbar and other major 

earthquakes shows existing buildings and other constructions have not enough 

bearing capacity to resist earthquake loads. In addition, exponential growth in 

population and irregular expansion in urban area especially in Tehran make it 

highly vulnerable.

In this thesis one of vulnerable urban area in north of Tehran is typically selected 

and by using effective and applicable vulnerability parameters tried to find a 

proper approach for categorization of the area based on the risk of 

vulnerability.

Similar examples of seismic rehabilitation in Iran, Italy, Japan and United States 

of America are reviewed to find an appropriate solution in case of earthquake 

happening .

Finally some general and specified applicable recommendations are presented as a 

proposed rehabilitation approach.

Key words: Earthquake, Vulnerable area, physical planning, vulnerability indices, 

Rehabilitation, Tehran
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CHAPTER 1: INTRODUCTION 

1.1 Introduction

Iran is surrounded by tectonically active zones. Earthquakes are regularly felt on all 

sides of Iran. Historical information and all available records show that approximately 

130 large earthquakes have taken place in most parts of Iran. Tehran, the capital, was 

shaken in 1830 by a magnitude 7.2 quake.

According to the report of Iranian studied group;"A closer analysis of what transforms 

a natural event into a human and economic disaster reveals that the fundamental 

problems of development that the region faces are the very same problems that 

contribute to its vulnerability to the catastrophic effects of natural hazards. The 

principal causes of vulnerability in the region include rapid and uncontrolled 

urbanization, the persistence of widespread urban and rural poverty, the degradation 

of the region's environment resulting from the mismanagement of natural resources, 

inefficient public policies, and lagging and misguided investments in infrastructure. 

Development and disaster-related policies have largely focused on emergency 

response, leaving a serious underinvestment in natural hazard prevention and 

mitigation.

A proactive stance to reduce the toll of disasters in the region requires a more 

comprehensive approach that encompasses both pre-disaster risk reduction and post-

disaster recovery. It is framed by new policies and institutional arrangements that 

support effective action. Such an approach involves the following set of activities: 

• Risk analysis to identify the kinds of risks faced by people during earthquake.

• Prevention and mitigation to address the structural sources of vulnerability"; 

(Iranian Studies Group at MIT, 2004:1) 

Though it is not possible to completely avoid the natural disasters, but the sufferings 

can be minimized by developing a suitable disaster preparedness and management of 

disasters through application of Physical Planning for Urban Vulnerable Areas. This 

becomes particularly important for the Iranian society, as the prospect for a major 

earthquake in Tehran.



1.2 Background to the thesis

Based on Kazemipour

world’s fast-growing cities

700,000. By 1966, it had risen to 

migrants brought the population to 

than 10 million residents

metropolitan areas combined. 

Figure 1-1: The Thematic Mapper sensor on NASA’s Landsat 
false-color images of Tehran on August 

Figure 1-2: The Thematic Mapper sensor on NASA’s Landsat 
false-color images of Tehran on July 

 Background to the thesis

Kazemipour and Mirzaie, studies;"Tehran, Iran’s capital, ranks among the 

growing cities. In the early 1940s, Tehran’s population was about 

it had risen to 3 million, and by 1986—during the Iran

ght the population to 6 million. Today, the metropolitan area has more 

 million residents, more than the sum of the country’s next five major 

metropolitan areas combined. 

The Thematic Mapper sensor on NASA’s Landsat 5 satellite acquir
color images of Tehran on August 2, 1985(Ref. http://earthobservatory

The Thematic Mapper sensor on NASA’s Landsat 5 satellite acquired these 
color images of Tehran on July 19, 2009 (Ref. http://earthobservatory
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Tehran, Iran’s capital, ranks among the 

Tehran’s population was about 

during the Iran-Iraq war—

the metropolitan area has more 

more than the sum of the country’s next five major 

 satellite acquired these 
earthobservatory.nasa.gov)

 satellite acquired these 
earthobservatory.nasa.gov) 
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In figures 1-1 and 1-2, vegetation appears bright green, urban areas range in color 

from gray to black, and barren areas appear brown. Whereas non-urbanized areas 

fringe the earlier image, urbanization fills almost the entire frame of the later image. 

Major roadways crisscrossing the city in 1985 remain visible in 2009, but many 

additional roadways have been added, particularly in the north.

This explosive growth has environmental and public health consequences, including 

air and water pollution and the loss of arable land and make it vulnerable against 

natural disasters" (Kazemipour, Mirzaie, 2005:2 ).

In recent years sustainable development is known as new methods of vulnerable area 

organization. In addition to environmental and economical development, 

rehabilitation and renovation approaches are mainly taken into consideration.

Main indices in this regards are consolidation, preservation, consolidation, repair and 

reconstruction.

From this point of view, sustainable development programs have been changed to 

local attitudes instead of global attitudes. Thus, development begins from local areas 

in which all existing capabilities such as social, economic capabilities are considered 

valuable. Theses parameters can superimpose each other.

Disaster assessment is the first step in organizing vulnerable areas especially historical 

areas because natural disasters such as floods, storms and earthquakes sometimes 

cause significant financial and environmental damages.

1.3 Research issues

1.3.1 Thesis problems

One of the most deadly natural disaster is earthquake. According to Okazaki studies; 

"Table 1-1 shows the most deadly eleven (11) natural disasters in the past 30 years in 

the world (Famine caused by drought is excluded here as it is regarded as a human

disaster, i.e. inappropriate distribution of foods, rather than natural disaster.). More 

than a half of these deadly disasters are induced by earthquakes. It sees that the 

earthquake disasters have been more destructive recently, i.e. one deadly earthquake 

in 80s and 90s respectively, and 5 deadly earthquakes in 2000s. While the twentieth 

century saw huge progress in seismology and earthquake engineering, it does not 

seem that such progress has reduced the damage caused by earthquakes." (Okazaki

Kenji, 2010:1) 

�
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Table1-1: Eleven most deadly disaster in the past 30 years in the world

(Okazaki Kenji, 2010:1) 

Nation Disaster Year Death
Armenia Earthquake 1998 25000
Iran Earthquake 1990 35000
Bangladesh Cylc/Flood 1991 140000
Venezuela Flood 1999 30000
Iran Earthquake 2003 27000
Indonesia, others Eq./ Tsunami 2004 over 300000
Pakistan Earthquake 2005 over 80000
Myanmar Cylc/Flood 2008 over 130000
China Earthquake 2008 90000
Haiti Earthquake 2010 over 100000
Japan Earthquake 2011 over 15000

Due to exponential growth in urbanization and rapid spread of modern life style, most 

of scientists are believed that earthquake disasters are becoming more complicated 

and deadly. As it is mentioned in GAR report on 2011 based on Okazaki studies;"As 

the cities are growing and more crowded than ever and infrastructure is not sufficient, 

they are becoming more vulnerable. The urban poor who have no choice but to live in 

hazardous areas are particularly vulnerable. Substantial rapid urbanization took place 

worldwide in the last 50 years while the return period of a big earthquake would be 

usually more than 50 years. A medium size earthquake could even devastate a city if 

it takes place beneath or near the city, like the case of Haiti Earthquake in 2010.

During the 20th century, more than 1,100 strong earthquakes have occurred, causing

more than 1,500,000 casualties. Most of them are due to buildings collapsing, which 

is some 90% of direct deaths. Advances in structural design were applied to new 

structures and, to a lesser extent, to the rehabilitation of existing structures. Nevertheless, 

there are many more old structures than newly constructed ones. Main and likely the only 

way to lessen risks in urban areas is to reduce building vulnerability (Lantada, 2008, 2).

Most of the world’s population lives in vernacular houses that are built of adobe, 

brick, stone, and wood, and are non-engineered and thus vulnerable to earthquakes. 

These vulnerable non-engineered houses may be characterized as follows;
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• Houses made of locally available and cheaper materials.

• Relatively low quality of construction work

• No or little engineering intervention

• No building regulation or no conformity to the regulation and thereby no check from the 

formal sector" (Okazaki Kenji, 2010:1)

There would be lots of short time impact on time and human resourse due to 

earthquake in addition to "the socio-economic costs of such disasters have long-term 

repercussions on societies. Creation of safer building and urban planning to deal with 

the vulnerability risks due to natural disasters, therefore, assumes significant

importance. The January 2001 earthquake in Gujarat caused deaths to over 10,000

people, while the earthquake of slightly larger intensity in February 2001 in Seattle 

caused death for 1 person that too of heart attack. Earthquakes do not kill people. 

Unsafe buildings and urban plan do. The Gujarat and Seattle examples clearly bring 

out the reason for this differential impact - while in Gujarat no serious effort has been 

taken to create safer habitat, in spite of the fact that Anjar (in Kutch) had a major 

earthquake in 1953, replicated again in 2001, Seattle had an excellent track record for 

safe building construction to take care of the earthquake risks". (Suresh V., 2002:1) 

"While many countries have developed sophisticated national / state (province) / city 

level building codes with special disaster resistant design and construction codes, the 

implementation/enforcement at the local level has been more of an exception than the 

rule. While the codal provisions have been 'recommendatory', these did not have the 

'mandatory force' for its enforcement. In short, we suffer from the lack of an effective 

techno-legal regime and techno-financing regime. Further, nearly 70% belong to the 

economically weaker sections and low income group neighbourhood. This group 

deals with the building construction activity with people driven initiatives, in urban 

and rural areas, without the association of professional technical personnel, be it 

architects or engineers. Therefore, there is an imminent need to bring into force 

simple, user friendly, non-engineered construction practices for use by the community 

and the construction artisans. There is also demand for creating grass root level

technology transfer mechanisms for translating technical 'know-how' to hands on 

'show-how' practices". (Suresh V., 2002:2)
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The purpose of this study is to find vulnerability indices against earthquake and find a 

solution to reduce of progressive damages in earthquake. In this regards, one of 

northern part of Tehran is selected as case study.

1.3.2 Thesis objectives

• Life quality and safety improvement in vulnerable area against earthquake

• Physical organization of a vulnerable area

1.3.3 Thesis questions

The purpose of the study is to answer the following questions:

1. What are the effective indices in increasing probability of 

earthquake damage?

2. What are the indices that should be improved in a vulnerable area 

to develop an earthquake resisting area?

1.3.4 Thesis assumption

• Iran is an earthquake prone country.

• There are so many non engineered building in Tehran, the capital city of Iran

• High density urban area potentially will cause vulnerability.

• Vulnerable area with narrow accesses shall to be re-organized in order to mitigate 

earthquake damages

1.4 Research Methodology

'Correlational research method' based on a case study is selected as research method

according to thesis objectives. Correlational research examines the covariation of two 

or more variables. In this research vulnerability indices are selected as main 

parameters. Required data are collected through site survey. The case study is 

considered by Benbasat et al. (Benbasat et al. 1987:370) to be viable for three reasons:

• It is necessary to study the phenomenon in its natural setting;

• The researcher can ask "how" and "why" questions, so as to understand the nature 

and complexity of the processes taking place;

• Research is being conducted in an area where few, if any, previous studies have 

been undertaken.
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Thus in this case it would be a proper research method. In addition Literature review 

is performed to complete data bank.

1.5 Definition of terms

- Seismic Vulnerability: "The seismic vulnerability implies the expected degree 

of damage to a given element at risk resulting from a given level of seismic

hazard". (Tyagunov et al., 2004:5) 

"A function of the potential losses from earthquakes (death and injury to people, 

damage and other physical structures) and the level of preparedness (the extent 

to which a society has been able to translate mitigation measures into 

practice). It reflects the unattended weakness in the built environment of a 

community and the constraints in the society that affects ability (or inability) 

to absorb losses after an earthquake and to recover from the damage. 

Vulnerability condition precedes the earthquake event and contributes to its 

severity, impedes emergency response, and usually continues long after the 

earthquake has struck" (EVRC -2, 2000:2) 

- Earthquake: "A sudden movement of the Earth's lithosphere (its crust and 

upper mantle). Earthquakes are caused by the release of built-up stress within 

rocks along geologic faults or by the movement of magma in volcanic areas. 

They are usually followed by aftershocks" (American Heritage® Science 

Dictionary, 2005)

"A sudden release of energy in the earth's crust or upper mantle, usually caused by 

movement along a fault plane or by volcanic activity and resulting in the 

generation of seismic waves which can be destructive" (Collins English 

Dictionary, 2003)

- DESIGN BASIS GROUND MOTION "is that ground motion that has a 10

percent chance of being exceeded in 50 years as determined by a site-specific 

hazard analysis or may be determined from a hazard map. A suite of ground 

motion time histories with dynamic properties representative of the site 

characteristics shall be used to represent this ground motion. The dynamic 

effects of the Design Basis Ground Motion may be represented by the Design 

Response Spectrum" (UBC, 1997:2-9). Return period of such earthquake is 

475 year.
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- DESIGN RESPONSE SPECTRUM "is an elastic response spectrum for 5

percent equivalent viscous damping used to represent the dynamic effects of 

the Design Basis Ground Motion for the design of structures. This response 

spectrum may be either a site-specific spectrum based on geologic, tectonic, 

seismological and soil characteristics associated with a specific site or may be 

a spectrum constructed in accordance with the spectral shape in design code"

(UBC, 1997:2-9).

- Rehabilitation: �Restoration of an entity to its normal or near-normal 

functional capabilities after the occurrence of a disabling event� (Business 

dictionary.com).

"The purpose of rehabilitation is to reduce the vulnerability of a building’s 

inhabitants and the building itself – its structure, non-structural elements and 

possibly its contents to earthquake damage. To rehabilitate a building is to 

improve its seismic performance. Alternative terms for rehabilitation, such as 

‘retrofitting ’ , ‘ upgrading ’ , ‘ improvement ’ , and perhaps ‘ strengthening ’ , 

essentially convey the same meaning" (Charleson A., 2008:187)

- physical planning: "is the designing of the optimal physical structure and 

infrastructure of a vulnerable, such as access roads and facilities for towns and 

other human settlements - in anticipation of population increase and socio-

economic development, and taking into account the outcome of land use 

zoning and planning. It has both rural and urban development aspects, though 

the latter usually predominates" (Fao, 1991).�

�A form of urban land use planning which attempts to achieve an optimal spatial 

coordination of different human activities for the enhancement of the quality 

of life" (GEMET Thesaurus, 2012)

1.6 Outline of the thesis

According to performed studies by Nazeri et. Al., "The North Tehran Fault is located 

at the southernmost piedmont of Central Alborz. It stands out as a major active fault 

menacing directly the city of Tehran, a 12 million people metropolis, and would have 

been the source of several major historical earthquakes in the past. The fault zone 

extends up to 110 km and corresponds mainly to a reverse fault crossing the northern 

suburbs of the Tehran metropolis" (Nazari et al., 2008:1) 



Figure 1-3: Major active faults of Tehran, (

According to the empirical relationships among average displacement per event and 

Moment magnitude 

magnitudes Mw > 6.5

4100 yrs. The average slip rate along the North Tehran fault is 

"Furthermore, the vulnerability of the structures, infrastructures and old urban areas in 

Tehran is quite considerable. Weak buildings, old structures, vulnerable lifelines, 

insufficient emergency infrastructures and roads, lack of sufficient evacuation places 

at some districts, etc. are some of the key parameters of earthquake vulnerability of 

the city" (Amini, Jafari

Abak hill in northern part of Tehran is selected as case 

make this case as a seismic vulnerable area:

- Near to north fault of Tehran
- Non engineered structures
- Narrow accesses
- Lack of enough infrastructures
- Relatively high density of population

In this research it is tried to find a 

in Tehran.

: Major active faults of Tehran, (Hessami et al, 2003

According to the empirical relationships among average displacement per event and 

(Wells and Coppersmith, 1994:998), the 

6.5 and the mean return period is comprised between 

The average slip rate along the North Tehran fault is 0.3±

Furthermore, the vulnerability of the structures, infrastructures and old urban areas in 

iderable. Weak buildings, old structures, vulnerable lifelines, 

insufficient emergency infrastructures and roads, lack of sufficient evacuation places 

at some districts, etc. are some of the key parameters of earthquake vulnerability of 

afari, 2007:1).

Abak hill in northern part of Tehran is selected as case study; following characteristics 

make this case as a seismic vulnerable area:

Near to north fault of Tehran
Non engineered structures

accesses
Lack of enough infrastructures
latively high density of population

In this research it is tried to find a typical rehabilitation solution for similar vulnerable 
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2003: Map)

According to the empirical relationships among average displacement per event and 

the 8 events have 

 and the mean return period is comprised between 3200 and 

0.3± 0.05 mm/yr.

Furthermore, the vulnerability of the structures, infrastructures and old urban areas in 

iderable. Weak buildings, old structures, vulnerable lifelines, 

insufficient emergency infrastructures and roads, lack of sufficient evacuation places 

at some districts, etc. are some of the key parameters of earthquake vulnerability of 

following characteristics 

typical rehabilitation solution for similar vulnerable 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction

Vulnerability of urban fabrics to potential earthquakes is related to several parameters 

including seismic and geological hazards level, site effects, physical vulnerability, 

social and economical conditions and disaster management/ emergency response 

capacity. In order to evaluate the impacts of these parameters and estimate the 

integrated vulnerability at each urban fabric, it is essential to study their effects 

separately and then compile them by using appropriate methods and weighting 

factors.

"Besides the vulnerability of structures in Iran, the rapid growth of urbanization, lack 

of strong regulations for urban development in some period of the time and 

immigration of low income residents of rural areas towards the cities are other causes 

of increasing vulnerable fabrics in most urban areas of Iran during their history. The

most vulnerable fabrics in Tehran are old parts, located mostly between narrow streets 

in the areas with insufficient emergency response facilities. In order to reduce the 

vulnerability of these fabrics, the Tehran City Council encourages the citizens for

rehabilitation of the existing old buildings, and considers some advantages for this 

purpose, including dedicated fund for reconstruction, financial subsidization system, 

proper loans, and taxation system, etc. The results of this policy on the improvement 

of individual units were considerable and up to now several owners have used the 

provided facilities for reconstruction of their own buildings. Of course it did not have 

considerable effects on reducing the seismic risk in whole areas, as several means of

earthquake risk reduction that are out of the scope of private owners, were not 

considered properly in such rehabilitation plans. In fact for reducing the seismic risk 

in urban fabrics, physical and social parameters related to vulnerability of the whole 

area should be considered and integrated in a logical manner to provide the best 

methods for rehabilitation" (Amini et al. 2009:1,2). 
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2.2. Earthquake (Causes and Effects)

2.2.1. Causes:

According to Sinha and et. Al. studies on parameters controlling Earthquake 

Management System; "The true nature of the causes of an earthquake must be fairly 

well understood before adopting any control measure. Two models are being tested to 

justify these control measures.

1. Dilatancy-diffusion theory developed in the U.S.

2. Dilatancy-instability theory USSR

The first stage of both models is an increase of elastic strain in a rock that causes them 

to undergo a dilatancy state; which is an inelastic increase in volume that starts after 

the stress on a rock reaches one half its breaking strength. During Dilatancy State, 

open fracture developing the rocks. So it is in this state the first physical change takes 

place indicating future earthquake. Here the two models diverge. The U.S. model 

suggest that the dilatancy and fracture of the rocks are first associated with a low 

water containing dilated rock, which helps in producing lower seismic velocity, lower 

electrical resistivity and fewer minor seismic event. The pore water pressure then 

increases due to influx of water into the open fracture, weakening the rock and 

facilitating movement along the fracture, which is recorded as an earthquake.

In contrast the Russian model state that the first phases is accompanied by an 

avalanches of fracture that release some stress but produce an unstable situation that 

eventually cause a large movement along a fracture.

Seismic gaps are defined as an area along active fault zones, capable of producing 

large earthquake but that have not recently produced an earthquake. These areas are 

thought to store tectonic strain and thus are candidate for future large earthquake. Any 

fault that has moved during quaternary can be called as active fault. It is generally 

assumed that these faults can get displaced at any time. Faults that have been inactive 

for the last three million years are generally classified as inactive fault. Active faults 

are basically responsible for seismic shaking and surface rupture" (Sinha et al. 

2000:1) 
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Figure 2-1: Alpine - Himalaya Earthquake Belt (Ref.: http://www.earthquakeusgs.org)

2.2.2. Effects

All natural hazards have two types of effects; primary and secondary, according to 

report of Iranian studies group at MIT, "Primary effects include surface vibration, 

which may be associated with surface rupture and displacement along fault plane. 

These vibrations may sometimes lead to the total collapse of large buildings, dams, 

tunnels, pipelines and other rigid structures. Deterministic ground motion analysis is 

one of the tools to determine the spatial distribution of surface vibration. 

Secondary effects of earthquake include a variety of short-range events; such as 

liquefaction, landslides, fires, tsunamis and floods. Long-range effects include 

regional phenomena such as regional subsidence or emergence of landmasses, river 

shifting and regional changes in ground water level. 

Liquefaction results from transformation of water-saturated granular material from 

solid to liquid state as a result of increase in pore water pressure. It may result in three 

types of failure;

a. Landslide on moderate slope. 

b. Landslide occurring on gentle or nearly flat slopes. 

c. Quick condition failure. 
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Landslide of all varieties in addition to those associated with liquefaction, are triggered or 

directly caused by earthquake. Earthquakes also cause catastrophic destruction from fires 

due to disruption of electrical power lines and broken gas lines. Coastal or submarine 

earthquake also generate tsunamis or seismic sea waves. Other secondary effects of large 

earthquake are regional changes in land elevation. The destruction of critical facilities 

may cause catastrophic losses of life, property damage or disruption of society, e.g. large 

dams, nuclear power plant and liquid natural gas" (Iranian Studies Group at MIT, 

2004:7). 

In addition to above mentioned physical impacts of earthquake, social and economic 

impacts can be considered as other effects of earthquake.

There are some research in this regard in multidisciplinary center of earthquake 

engineering research, MCEER, according to studies have been performed by Goltz during 

Kobe earthquake in Japan (1995); "The most significant societal impact of earthquake is

the tremendous loss of human life; the earthquake, with short duration, caused over 

thousands deaths. In most cases many people lost in first week after earthquake most of 

whom are presumed to be buried under collapsed structures. Currently, the number of 

missing has been reduced to less than thirty. For over 300,000 survivors in the heavily 

impacted cities of Kobe, Ashiya and Nishinomiya who were displaced from their homes, 

there were the hardships of finding shelter, securing food and water, locating friends and 

family members and acquiring warm clothing for the cold, damp winter weather. 

Many camped in public parks or assembled make-shift shelters from materials salvaged 

from the wreckage of their homes. Shelters included community centers, schools and 

other available and undamaged public buildings but facilities are too few to avoid severe 

crowding in some shelters causing sanitation problems and increased risks of 

communicable disease". (Goltz j, 1995:8) 

Based on available data as it is mentioned in report of Iranian studies group at MIT; "In

comparison to the decade of the 1960s, the frequency of severe natural catastrophes has 

increased by a factor of three and the direct economic costs have increased by a factor of 

nine. Although the direct damages of approximately $70 billion a year from natural 

disasters seem evenly split between the developed and developing (including transition) 

countries, the per capita impact on the developing or transition countries is nearly 20

times as great as in the developed world.
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Concern about these costs has generated considerable activity in the international 

development community. The United Nations declared the 1990s the International 

Decade of Natural Disaster Reduction. The World bank created the Disaster Management 

Facility to direct the bank's responses to disaster losses. Each of these organizations has 

spawned a series of activities focused on natural disasters and developing and transition 

countries. 

In most countries, reconstruction of damaged infrastructure is financed by post-event 

measures. These measures usually include increased borrowing or diversion of existing 

budgeted funds to finance reconstruction. The World Bank has provided $14 billion in 

post-natural-disaster reconstruction financing during the past 20 years.(3) This is nearly 

250% of the amount provided for reconstruction work following civil disturbances. Social 

Impact" (Iranian Studies Group at MIT, 2004:8). 

2.3. Earthquake in Iran and Tehran

As it is mentioned on MCEER, preliminary earthquake reconnaissance report on the 

June 22, 2002 Changureh (Avaj), Iran earthquake," Iran is one of the most seismically 

active countries in the world, as more than 90% of the country falls within an active 

seismic zone, the Alpine-Himalayan belt. This earthquake–prone country has 

experienced more than 130 quakes with a magnitude of 7.5 or higher in the last seven 

decades; in the 20th century alone, more than 126,000 people have died in 

earthquakes".(MCEER,2010:http://mceer.buffalo.edu/infoservice/reference_services/

major-iran-earthquake.asp)

Figure 2-2 : Iran Seismic Hazard 

Map, Design basis ground motion

Ref.: http://neic.usgs.gov
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Seismic hazard of Tehran city has been estimated in many studies up to now. 

Following there are two seismic zone maps of Tehran which are in agreement with 

Iranian code of practice for seismic resistant design of buildings. 

Figure 2-3: Seismic zoning maps of Tehran (western part is not included) for Design 

basis ground motion (Ghodrati et al. 2011:203)

Some main reasons make earthquake a catastrophe as mentioned on MCEER 

website;"The country's high seismicity, structural vulnerability, and low level 

preparedness have resulted in devastating earthquakes killing thousands, leaving tens 

of thousands homeless, and disrupting agricultural and industrial services, critical 

components of the citizens' livelihoods. The Bam earthquake of 2006 killed more than 

30,000 people, leveled the ancient citadel of Arg-e Bam, and left thousands homeless 

all attributable to poor construction methods and standards and virtual non–adherence 

to building codes". (MCEER, 2010:http://mceer.buffalo.edu /infoservice/

reference_services /major-iran-earthquake.asp)

(b) Method of active fault map(a) Method of epicentral distribution



Figure

In addition there are some active faults in Tehran and its suburbs which can be 

considered as source of earthquake, most of the faults are

seismic sources for big

performed by Arian; "

main faults with high seismogenic have been introduced

1-Mosha fault, is extended from north east of Amin Abad village to 

Qazvin which is about 

fault is a reverse fault with a left lateral strike slip component in younger movements.

2- North Tehran fault, is extended from east of Lashgarak valley in north east of 

Tehran to Kazem Abad village and continue to Karaj city. The length of this fault is 

more than 75 km with strike N

fault with a left lateral

strike slip component.

Figure2-4: Earthquake risk in Iran (Kishore, 2004:3)

In addition there are some active faults in Tehran and its suburbs which can be 

considered as source of earthquake, most of the faults are Quaternary faults with high 

seismic sources for big Tehran city and around cities. And based on geological studies 

performed by Arian; "Then after structural, seismic and active tectonic studies seven 

main faults with high seismogenic have been introduced.

is extended from north east of Amin Abad village to 

Qazvin which is about 200 km and strike N110-153 and dip to north direction

fault is a reverse fault with a left lateral strike slip component in younger movements.

North Tehran fault, is extended from east of Lashgarak valley in north east of 

Tehran to Kazem Abad village and continue to Karaj city. The length of this fault is 

 km with strike N115E and dip 30-80 to north direction
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)

In addition there are some active faults in Tehran and its suburbs which can be 

Quaternary faults with high 

And based on geological studies 

after structural, seismic and active tectonic studies seven 

is extended from north east of Amin Abad village to 45 km east of 

 and dip to north direction. This 

fault is a reverse fault with a left lateral strike slip component in younger movements.

North Tehran fault, is extended from east of Lashgarak valley in north east of 

Tehran to Kazem Abad village and continue to Karaj city. The length of this fault is 

 to north direction. This is a thrust 
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Figure 2-5: Major active faults of Tehran, (Hessami et al, 2003: Website: 
http://www.iiees.ac.ir/iiees/English/Seismology/eng_seis_faults.html)

3- Kahrizak fault, with more than 90 km has been located in 10km south of Rey city. 

Strike of this fault is N70- 80W with dip 70-80 to north direction. It is a thrust fault 

with a right lateral strike slip component.

4- Parchin and Rey Fault, with length of 70km, begins from North West and continues 

to North West of Garmsar. The strike of this fault is N307 with dip 19-53 to north east 

direction. It is a reverse fault.



5- Pishva fault, with length of 

south east Kuh-e Gach Anticline

direction). It is a reverse fault.

6- Kuh-e Sorkh fault, 

anticline and continues to Takhte Rostam Mou

40 to

north direction. It is a thrust fault with a left lateral component.

7- Garmsar fault, with length about 

path of this fault doesn

continue to Parchin fault

direction. It is a thrust fault

Based on final report of probabilistic seismic hazard analysis phas

regions ordered by Iranian president deputy strategic planning and control (Gholipoor 

Y. et al. 2008:142); Tehran located in high seismic risk zone

Figure2-6: Main Faults of Tehran

et al., 2012:2379)

with length of 37 km has been extended from south e

e Gach Anticline. The strike is N324 and dip is 50

direction). It is a reverse fault.

, with length of 22 km begins from North West Kuh

anticline and continues to Takhte Rostam Mountains. The strike is N

north direction. It is a thrust fault with a left lateral component.

with length about 56 km long begins from south west Lasegerd

path of this fault doesn’t continue to salt diaper of Garmsar and also west part doesn

continue to Parchin fault. The strike of this fault is N226 with dip 

direction. It is a thrust fault". (Arian M. et al., 2012:2379 and 2380)

Based on final report of probabilistic seismic hazard analysis phase I 

regions ordered by Iranian president deputy strategic planning and control (Gholipoor 

); Tehran located in high seismic risk zone

Figure 2-7: Peak of Ground Acceleration
hazard map of Tehran for Design basis 
(Gholipoor Y. et al. 2008:142

Main Faults of Tehran (Arian M. 
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 km has been extended from south east Varamin to 

50-58 to north east 

 km begins from North West Kuh-e Sorkh 

The strike is N306 with dip 30-

 km long begins from south west Lasegerd. East 

rmsar and also west part doesn’t 

 with dip 40-45 to north 

)

e I – Great Tehran 

regions ordered by Iranian president deputy strategic planning and control (Gholipoor 

Peak of Ground Acceleration, PGA, 
Design basis ground motion
142)
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Based on deterministic and parabolistic analysis of the earthquake happened in Tehran 

and its suburbs. (See Table 2-1), Design base acceleration ratio (/g) of Tehran is 

mentioned as 0.35 on Iranian code of practice for seismic resistant design of buildings 

(standard no.2800, 3rd edition:72).

Table 2-1 Number of earthquakes; 100 km from Tehran, from 1992 to 2012. 
(Reference, Website: http://eorg.ut.ac.ir/)

Magnitude (Mb) Number of earthquakes
3<M�≤4 35
4<M�≤5 32
5<M�≤6 2
6<M�≤7 1

2.4. Urban Vulnerable area; recognition criteria

There are so many vulnerability assessment criteria. According to Amini's research 

and based on performed studies in San Francisco, "immediately after the 1989

earthquake, the city of San Francisco organized a taskforce and commissioned a series 

of studies of the options to retrofit vulnerable fabrics (including some 2,000 privately 

owned unreinforced masonry buildings) in the city (Quigley J.M., 1998:14). Two major 

studies were released by the taskforce, one analyzing structural and seismic issues 

(Rutherford, A. and Chekene, E. 1990), and another analyzing socioeconomic and land use 

considerations (Recht .1990). The analyses are distinguished by two factors: First, they 

provide detailed estimates of the costs of various retrofit alternatives that are estimates 

which vary with the type of structure as well as the level of investment. Second, the 

analyses summarize extensive simulation evidence on the likely consequences of 

earthquakes in San Francisco, including estimates of loss of life, injury, and property 

loss. The availability of these data permits a detailed analysis of the retrofit options 

and the benefits of investment in structural changes to these buildings". (Amini H. K., 

2009:176)
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Moreover In different earthquake prone counties, different criteria introduced as it is 

mentioned by Amini; "In Japan, the selection of vulnerable fabric are based on the 

structural and infrastructural situation, relation between sites and roads, land use 

zoning regulation, building height-bulk-shape control, and restrictions in fire 

protection zones (Imamura, T., 2003). 

Considering these parameters, the vulnerable fabrics can be selected and necessary 

measures for rehabilitation can be implemented.

In Turkey and especially after Izmit earthquake of August 17th, 1999, the land use 

planning in conjunction with building codes, were considered more seriously. 

Moreover earthquake related parameters such as primary and secondary effects and 

impacts, including ground-shaking, fault rupture, liquefaction, rock or landslides, fire, 

etc, and the potential destruction of social or economic cohesion within an affected 

community were considered in categorizing vulnerable fabrics. 

In addition to rehabilitation plans and based on the existing hazards in different parts, 

some land use regulations were developed in order to reduce the impacts of potential 

earthquakes (Novakowski, N. 2005). In this line, some criteria were considered to 

evaluate the vulnerability of individual structures and their effects on urban fabrics. 

In Iran, the High Council of Urban Development and Architecture, related to the 

Ministry of Housing and Urban Development, has introduced some criteria for 

selecting the vulnerable urban fabrics for re-development (High Council of Urban 

Development, 1999). These criteria are vulnerability of buildings, size of houses and 

width of existing road network in each block. Based on this method, an urban fabric 

will be considered vulnerable if it meets one, two or all of these criteria". (Amini H. 

K., 2009:177)

Some of mentioned criteria are summarized and presented as below;
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2.5 Vulnerable area elements

2.5.1 Buildings

According to United Nations Population Division report (UNPD 2010:40), "the buildings 

that provide shelter to the community at home, at work and at school vary considerably in 

their vulnerability to earthquake hazards and hence the degree of risk they posses to the 

community.

Most deaths and physical losses from earthquakes are caused by buildings or other human 

constructions collapsing during or after an earthquake. As such earthquakes don’t kill 

people, buildings do. Seismic vulnerability of a building is the amount of expected 

damage induced to it by a particular level of earthquake intensity. It describes the 

probability of failure of buildings under different levels of ground shaking and is 

expressed as a percent loss caused by a particular seismic hazard to the type of building 

under consideration". 

Buildings are damaged due to various reasons hence identification of a single cause of 

damage to buildings is not possible. Because of the dynamic character of the seismic 

action and the inelastic response of the structures, it is difficult to classify the damage, 

and even more difficult to relate it in quantitatively. Based on Guragain studies; "The 

factors that affect the building vulnerability can be divided in primary and secondary 

factors. The primary factors being the sub-soil conditions and building construction 

materials that affect the building vulnerability. Even if the earthquake epicenter is at the 

same distance, a building located on a thick soil deposit will get more damage due to high 

soil amplification in compare to building on firm strata. Two buildings with different 

construction materials at the same location will have different damage probability due to 

the inherent material strength. The secondary factors that affect the building vulnerability 

are the inherent deficiencies of a particular building type. Building built with same 

material but with different variables such as plan and elevation configurations, size, 

number of stories, age, construction quality and method used etc". (Guragain, 2004:9)

attribute to the building damage. Some of the main secondary factors which affect the 

building vulnerability are discussed below.
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I. Building Configuration

The configuration of load resisting system of buildings play vital role in seismic 

resistant design and construction of building. Iranian code of practice for seismic 

resistant design of building (Standard 2800, 2007:9) has recommended building 

configuration system for the better performance of buildings during earthquakes. 

Regularity and symmetry in horizontal and vertical planes are the important features 

in building configuration. Buildings having a large length to width ratio, large height 

to width ratio and large offsets in plan and in elevation behave poorly and suffer 

greater damage than regular ones. Due to asymmetry, irregular shaped buildings may 

undergo local deformation due to the presence of re-entrant corners or excessive 

openings. This finally results to undesired stress concentrations in some resisting 

members of the building. On the contrary, the ideal rectangular or square plan, 

structurally symmetric, with enough in-plane stiffness in its diaphragm, presents an 

ideal behavior as it has the same displacement at every point in the slab. Therefore, 

building shaped like a box, such as rectangular, both in plan and. Elevation is 

inherently stronger than one that is L-shaped (irregularity in plan). Besides plan and 

elevation regularity of the building, length and width ratio of the building must be 

kept lesser than three to get less damaging effects in the building (Standard 2800, 

2007:42) The general building configuration problems according to Iranian code of 

practice for seismic resistant design of building (Standard 2800, 2007:7) are shown 

below. 

Figure 2-8: Irregularity in plan and elevation (Naeim F.,2000:284)
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II. Building Separations

During an earthquake, the ground moves in different directions and hence the 

buildings and other structures on the ground also moves in different directions. Then 

the buildings will have multiple modes, each one has a period. The longest period 

among these periods is called the structural natural period of vibration and the 

frequency associated to it is called natural frequency, every building has its own 

natural frequency and the building swings according to this frequency during an 

earthquake. If two buildings are nearer or attached to each other, then one may

obstruct the other in movement which is called pounding (FEMA 310 1998: 4-23).

From the past earthquakes, it is found that the primary cause of damage in buildings is 

due to hammering of adjacent buildings. Pounding is the result of irregular response 

of adjacent buildings of different heights and of different dynamic characteristics. 

Thus, to reduce the damaging effects due to pounding, two adjacent buildings should 

be separated at a certain minimum distance and by controlling drift and aligning floor 

in adjacent buildings. As a thumb rule, given by FEMA310, the minimum separation 

distance between two buildings must be four percent of the height of the buildings. 

This criterion is based on the assumption that most structures will not drift more than 

two percent. This space is called Isolation joint

a)There is no Isolation joint in old fabric b)It is obligatory to provide enough space 
in new construction

Figure 2-9: Isolation joint in studied area (Author, 2011)
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III. Building Height

When ground motion frequency during an earthquake happens to be close or equal to 

the building’s natural frequency, resonance occurs which amplifies the building 

response (FEMA 310, 1998:4-80) thus increasing the sway of the structure to 

increase. The natural frequency of an element depends on stiffness of the building and 

depends on building dimension, shape and elasticity; and mass of the building.

Most strong motion measurements depict ground shaking as a function of time. This 

is because the scale of destruction depends on the frequency of the vibrations and the 

fundamental period of the building. High frequency waves tend to have high 

accelerations but relatively smaller amplitude to displacement, where as low 

frequency waves have small accelerations but large velocities and displacement. 

During earthquake, the ground may vibrate in all frequencies ranging from 0.1Hz to 

30Hz. Low rise buildings have shorter natural wave period (0.05-1 seconds) and high 

rise buildings have long natural periods (1-2 seconds) (Smith K.,. 2008:98). The P and 

S waves are mainly responsible for high frequency vibrations (>1Hz) which are most 

effective in shaking low height buildings. Reyleigh and Love waves cause lower 

frequency vibrations and are effective in causing tall buildings to vibrate.

IV. Building Construction

The lateral loading bearing system that is governed by construction methods and type 

of materials used in the construction, low strength and improper material can be the 

main reason to damage the buildings The main weakness in the building materials 

and unreinforced masonry constructions and the other reason for extensive damage of 

buildings based on IAEE-Japan and IIT-Kanpur are as below:

• "Heavy weight and very stiff buildings attracting seismic inertia forces

• Very low tensile strength, particularly with poor mortars

• Low shear strength, particularly with poor mortars

• Brittle behavior in tension as well as compression

• Weak connection between wall and wall

• Stress concentration at corners of windows and doors
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• Overall asymmetry in plan and elevation of building

• Asymmetry due to imbalance in the sizes and positions of openings in the 

walls

• Defects in construction such as use of substandard materials, unfilled joints 

between bricks, not plumb walls, improper bonding between walls at right 

angles etc".(IAEE-Japan and IIT-Kanpur, 2004:4-4) 

 

V. Building Types

The main types of buildings in Iran are described in the following sub-sections. These

buildings have been classified as described in World Housing Encyclopedia (Website: 

http://www.world-housing.net/) and the similar types of buildings were observed 

during the field observation of this study.

• "Ordinary Brick Masonry with Mud Mortar (BM)

These are ordinary brick buildings made using burnt brick with mud mortar in the 

wall construction and the floor of these buildings are of timber floor with mud. Walls 

constructed of burnt bricks inside covered with gypsum and clay mortar on the 

exterior clay mortar is common. There are a few buildings of this type in Tehran 

especially in studied zone by now.

���
���

Figure 2-10: Brick Masonry building with mud mortar (Author, 2011)
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• Confined brick masonry building with concrete tie columns and beams:

This is a typical confined brick masonry housing construction common in rural areas 

of Iran. This building type is often used as a single-family house. Brick masonry shear 

walls confined with concrete tie columns and beams provide earthquake resistance in 

both directions. This building type is expected to have good seismic performance. The 

percentage of this housing type in those regions is almost 10%. This construction type 

has been in practice for less than 50 years.

Currently, this type o f construction is being built these building s are typically found 

in flat, sloped and hilly terrain. They do not share common walls with adjacent.

Buildings of this type in some places are located close together and in other places are 

scattered when separated from adjacent buildings, the typical distance from a

neighboring building is five meters. 

The typical shape of a building plan for this housing type is rectangular. To view 

outside the building, typically a window opening is built in external walls. The other 

wall has one or two doors. The door sizes are typically 90 by 210 (cm). The overall 

window and door areas are about 25% of the overall wall surface area.

The main function of this building typology is single-family house. In a typical 

building of this type, there are no elevators and 1-2 fire-protected exit staircases. 

Building of this type can have as the one main entry so the two doors.

Gravity Load-Resisting System is confined masonry wall system. Gravity loads 

sustain by bearing masonry brick walls.

a)Critical Structural Details: Concrete 
tie column

b)An Illustration of Key Seismic 
Deficiencies: lack of Connection Between 
Wooden roof joist and Concrete Tie Beam 
and Poor Quality of Materials

Figure 2-11: Confined brick masonry building with concrete tie (Reference: Website: 
http://www.world-housing.net/)



27 | P a g e

a)Wall side view showing a concrete tie 

beam and roof to wall connection

b) Wall cross-section showing a concrete 

tie beam and roof to wall connection

Figure 2-12: detail of Confined brick masonry building with concrete tie (Reference: 

Website: http://www.world-housing.net/)

Lateral Load-Resisting System is confined masonry wall system. In both directions of 

the buildings lateral load-resisting system are provided by masonry brick shear walls

which are confined with concrete tie column and beams.

The overall rating of the seismic vulnerability of this housing type is GOOD to POOR 

depend on construction quality and engineering detail sufficiency.

Figure 2-13: 1990 Manjil earthquake, Damage and collapse caused by the absence of 

concrete posts (Reference: Website: http://www.world-housing.net/)
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• Semi-rigid steel frame with "Khorjini" connections

According to Standard no.2800; khorjini connection is defines as "a beam to column 

connection type in which the beam are connected each to one side of the column, in 

such a manner that each beam sites on one lower angle and held in position by another 

upper angle" (Figure 14).

This housing type is commonly used for low-rise building construction in Iran, mainly 

for family apartment buildings. This structure is characterized with a special type of 

semi-rigid beam-to-column connection called "Khorjini connection" This connection 

consists of a pair of continuous beams spanning over several columns and connected 

to the column sides by means of angle sections. Beam and column are welded to the 

angle section. A major problem with the Khorjini connection is that it is very difficult 

to improve the rigidity of the connection in the weak direction (the direction 

perpendicular to the connection) since the crossed beams are connected to the web of 

Khorjini beams. Thus, in the weak direction of the frames, the connections are 

considered as pinned (hinges) and the bracing must be used to resist seismic loads. 

However, in the Khorjini direction, since the possibility of using the bracing is very 

limited, the frame wrongly is considered a rigid structure. Also, out-of-plane partial 

beam-to-column transfer of bending moment and early onset of failure in the angles 

are the most likely causes of failure for a building subjected to lateral earthquake 

loads. These buildings are vulnerable in earthquakes (e.g., 1990 Manjil earthquake).

Buildings of this construction type can be found in urban and in some rural areas of 

Iran, especially in less humid regions. The percentage of this housing type in those 

regions is almost 50% of steel buildings. This construction type has been in practice 

for less than 50 years.

Currently, this type of construction is being built but considerably less than last 30

years.
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a)Critical Structural Details b) A typical layout of a Khorjini 

connection

Figure 2-14: Khorjini connection – common type of connection (Reference: Website: 

http://www.world-housing.net/)

The vertical load-resisting system is steel frame i.e. gravity loads are sustained by 

steel frames.

Braced frame is required as lateral load-resisting system. In both directions of the 

building the lateral load-resisting system should be provided by steel bracing 

according to standard no.2800 (Standard 2800:9). However in most of these buildings, 

the steel bracing system is only used in one direction (the direction which is 

perpendicular to the street). The other direction (which is usually parallel to street), 

due to the existence of large opening in walls of this direction, does not have any 

lateral resisting system.

The typical plan dimensions of these buildings are: lengths between 12 and 20 meters, 

and widths between 9 and 15 meters. The building has 2 to 6 story(s). The typical 

span of the roofing/flooring system is 4.5 meters. The typical storey height in such 

buildings is 2.7 meters.
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Floors/roofs consist of concrete joists with in filled hollow blocks topped with 

concrete slab.

Typically there are from 4 to 8 units in building. The number of inhabitants in a 

building during the day or business hours is 5-10. The number of inhabitants during 

the evening and night is 11-20.

The building is regular with regards to both the plan and the elevation. The roof and 

floors diaphragm is considered to be rigid and it is expected that the roof structure 

will maintain its integrity, i.e. shape and form, during an earthquake of intensity 

expected in this area.

Due to lack of proper connections between walls and column, beam floor, walls are 

very vulnerable to seismic forces

Figure 2-15: Seismic deficiency-use of 

undefined bracing system (Reference: 

Website: http://www.world-housing.net/)

The overall rating of the seismic vulnerability of this housing type is D: MEDIUM-

LOW VULNERABILITY (i.e., good seismic performance) in case of sufficient bracing 

provided, the lower bound (i.e., the worst possible) is C: MEDIUM VULNERABILITY

(i.e., moderate seismic performance), and the upper bound (i.e., the best possible) is 

E: LOW VULNERABILITY (i.e., very good seismic performance).

This type of construction is an engineered, and not authorized as per development 

control rules. Building permits are required to build this housing type.
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Figure 2-16: Building damage in the 1990 Manjil, M=7.6 earthquake-collapse caused 

by the connection failure (Reference: Website: http://www.world-housing.net/)

• Steel and concrete frame

According to standard no.2800; steel and concrete frame defines as;"a system in 

which, vertical loads are mainly supported by simple space frame and resistance to 

lateral forces is provided by shear walls, braced frames or moment resisting 

members."

Figure 2-17: Steel frame (Left) and concrete frame (Right) building in Abak hill 

(Author, 2012)

This housing type is commonly used for medium to high-rise building construction in 

Iran. 
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Buildings of this construction type can be found in urban and in some rural areas of 

Iran. The percentage of this housing type in those regions is almost 50% of buildings. 

This construction type has been in practice for less than 30 years. Currently, this type 

of construction is being built.

However in most of these buildings, the steel bracing system or concrete shear wall 

system is only used in one direction (the direction which is perpendicular to the street) 

and Moment resisting members are provided for the other direction (which is usually 

parallel to street), due to the existence of large opening in walls of this direction.

This type of building is used in a wide range of plan dimensions. Mostly floors/roofs 

consist of concrete joists with in filled hollow blocks topped with concrete slab but 

recently steel deck and steel open web joists topped with concrete slab are used.

The roof and floors diaphragm is considered to be rigid and it is expected that the roof 

structure will maintain its integrity, i.e. shape and form, during an earthquake of 

intensity expected in this area.

The overall rating of the seismic vulnerability of this housing type is D: MEDIUM-

LOW VULNERABILITY (i.e., good seismic performance) in case of sufficient 

bracing/wall provided, the lower bound (i.e., the worst possible) is C: MEDIUM 

VULNERABILITY (i.e., moderate seismic performance), and the upper bound (i.e., 

the best possible) is E: LOW VULNERABILITY (i.e., very good seismic 

performance).

This type of construction is an engineered, and not authorized as per development 

control rules. Building permits are required to build this housing type". (Website: 

http://www.world-housing.net/)
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2.5.2. Population

According to earthquake vulnerability profile and preparedness plan, final report on 

2010, "Loss of human lives and injuries are the most important consequences of 

earthquakes and hence the effort of vulnerability reduction has the priority to keep the 

number of causalities to a minimum (NSET et al. 2002: Website: 

http://www.adpc.net/training/). Estimation of population at risk requires population 

inventory, with data on population presence across time and space. Demographic and 

socio-economic factors also have a significant influence on vulnerability of 

population to risk. These factors include gender, age, ethnicity and disability, due to 

which society has a most vulnerable group amongst its population.

Population presence across different times of a day in different types of buildings 

helps to estimate potential population at risk at different times of the day when the 

earthquake might occur. However, as such detailed data was not available for the 

current study; available population data" (UNDP, 2010:47).

"A common argument in post disaster studies is the establishment of a high 

correlation between population density and both human and material losses caused by 

disasters. When cross analyzing the deadliest recorded earthquakes with its 

magnitude, McDonald (McDonald, 2003:28-29) affirms that loss of life is linked to 

the density of population on the particular location more than the magnitude of the 

earthquake." (Caiado, et. al. 2007:1-5) 

2.5.3. Road Network

Road network shall be kept un-blocked and under service during and after earthquake to 

perform emergency and rescue plans but as it is observed in studied area and mentioned 

in other's research, "Most of the old urban areas suffer from narrow roads and alleys. This 

situation not only may cause difficulties for transportation in normal condition, but also 

would affect the emergency response activities after earthquakes due to blockage of 

existing roads by debris. Based on the current regulations in Iran for classification of 

vulnerable areas among old urban zone, the areas having narrow roads (less than 6 meters 

width) normally are considered as vulnerable urban tissues.



34 | P a g e

Almost all the big and historical cities of Iran have some narrow roads and it is expected 

that most of them would be damaged or blocked by potential earthquakes. In Bam 

earthquake nearly all the narrow roads in historical parts of the city were completely 

blocked and it caused considerable delay in rescue and relief operation for several hours."

(Amini Hosseini. et al. 2008:1-8). 

Figure 2-18: Narrow access in Abak hill (Author, 2012)

2.5.4. Other Parameters

Access to emergency response facilities such as fire and rescue stations, hospitals and 

medical centers immediately after earthquake is vital parameters. In Bam earthquake, 

2003, most of mentioned facilities were damages during ground motion thus most of 

injured people died because of lack of sufficient emergency medical cares.
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Figure 2-19: Damages to Imam Hospital (left) and a fire station (right) during Bam 

earthquake of 2003 caused delay in rescue and relief activities (Amini Hosseini. et al. 

2008: 124).

"Evacuation is an important issue for reducing the casualty of earthquakes. It could be 

considered before an earthquake (by feeling some foreshocks or using modern early 

warning system) or after an earthquake (when there is the risk of fire or collapse of 

building by aftershocks). In both cases if the people could not be properly evacuated to 

safe evacuation places through proper evacuation routes, more serious human casualties 

will be expected." (Amini Hosseini. et al. 2008:5).

2.6 Summary and conclusion

Most of studies show there are considerable amount of buildings in high vulnerability 

condition, based on Amini Hosseini and et. al. studies "In Iran and based on the 

regulation of High Council of Urban Development and Architecture, the buildings can 

be categorized into three groups from low to high vulnerability considering the type, 

age and material of the structures (HCUDA, 1999).

In planning for rehabilitation, the first priority is related to highly vulnerable 

buildings; including mud brick structures, masonry building and buildings with weak 

structures. In each block the areas of these buildings shall be evaluated and if their 

percentages are more than 50% of all buildings located in the block, the block is 

considered as highly vulnerable block. Vulnerability of building is one of the main 

causes of earthquake damages in Iran's urban areas. (Amini Hosseini K. et al. 

2007:177)
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Old fabrics are scattered in almost all regions of Tehran which based on Amini 

Hosseini and et. al. studies "In old urban fabrics, most buildings suffer from lack of

resistance to earthquake shaking as most of them have been built many decades ago. 

In addition in old cities, many of houses which are made by traditional materials, 

specially mud brick, or built regardless to the structural codes or violating them. Mud-

brick, in the form of sun-dried bricks and clay or lime/clay mortar, has traditionally 

been the primary construction material in Iran. Presently, this type of construction is 

still observable in the rural and some parts of poor urban areas. Performance of 

traditional adobe construction during numerous Iranian earthquakes has generally 

been poor (Maheri, et al., 2005) Low material strength, poor work-manship, lack of 

proper connections between building elements, and the excessive weight of the 

building because of thick walls and massive roofs, are a few of the shortcomings that 

contributed to the general weakness of these buildings under earthquake loads. 

Some parts of Tehran also suffer from vulnerable and old buildings because of rapid 

urbanization and lack of strong rules and regulations for construction in some period 

of time especially between 1941 to 1980, where the population has increased to more 

than 7 times." (Amini Hosseini K. et al. 2007:177), Abak hill (case study) is one of 

these areas.
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CHAPTER 3: SIMILAR EXAMPLES OF SEISMIC REHABILITATION IN IRAN 

AND OTHER COUNTRIES

3.1 Assessment of other countries experiences

3.1.1 Introduction

In this chapter, other countries experiences have been reviewed to find the best 

physical plan to reduce earthquake looses. 

Japan, Italy and U.S. of America as earthquake prone counties have recently tried to 

establish a physical planning; some of their major objectives and achievements are as 

follows;

3.1.2 Japan; Prediction of earthquake damages

"Most part of Japan is prone to danger to life and property from earthquake. Planning 

countermeasures for earthquake damage is one of the urgent administrative problems for 

Tokyo Metropolitan Government (TMG). It is indispensable for reduction of earthquake 

damage to adopt comprehensive countermeasure including not only earthquake – resistant 

construction but also land – use management etc .

For crowded cites, countermeasures based on the regional difference between predicted 

earthquake damages or the peculiarities for disaster is more rational than adopt such 

countermeasures as land-use management or building regulation.

Tokyo Metropolitan Assembly legislated the Tokyo earthquake and fire prevention 

ordinance in 1971. The ordinance makes it compulsory for TMG to survey the degree of 

danger according to the regional characteristics and to announce the results of such 

surveys. The primary objectives of the surveys are as follows. (TMG, 1976)

1. To make the result of the survey a gridline in the materialization of a city where 

damage from earthquake disaster could be kept to minimum.

2. To further the awareness of the citizen of Tokyo regarding earthquakes and make 

them more conscious of ways and means to keep damage from the disaster to the 

minimum.

3. To make the survey a guidepost in selecting area where the implementation of 

earthquake and fire countermeasures should be given priority." (Nakano & 

Matsuda, 1980:146).
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"In March 2012, the TMG enacted an ordinance for comprehensively promoting 

measures for stranded persons based on concept of self-help, mutual assistance, and

public assistance. The ordinance will come into force in April 2013.The specific 

methods for implementing the activities prescribed by the ordinance will be compiled 

in an implementation plan together with the TMG's support policies" (TMG, 2012: 

Section2:31). 

In addition "Achieve a sophisticated disaster-resistant city and demonstrate Tokyo’s 

safety to the world" is the first goal in of Tokyo vision 2020 in which some short-term 

and long-term programs are described as follows:

• "Complete seismic retrofitting of buildings alongside emergency transport 

roads.

• Accelerate seismic retrofitting using Tokyo’s unique system of displaying a 

mark of seismic resistance.

• Finish construction of major city planned roads in districts with close-set 

Wooden houses at high-risk (7,000 ha). 

• Establish Disaster-Management Neighborhood Units.

• Enact ordinances concerning stranded people" (Tokyo vision 2020). 

"To answer the question that citizens in what area of the city will expose to the most 

danger from fires and falling buildings in times of a hazardous earthquake, Tokyo 

Metropolitan Government carried out relative damage potential survey. Before 

carrying out the survey, the survey area (the twenty-three wards in the city) was 

divided into approximately 2300 blocks, each measuring 500 meters square. "Various 

elements relevant to earthquake damages in each block were subjected to five grades 

of relative evaluation based on an aptitude to suffer damages." (Nakano & Matsuda, 

1980:146) 
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The following six basic works were carried out as first step.

1. To assure the expected earthquake.

2. To evaluate the local ground conditions and maximum ground surface 

acceleration

3. To survey the distribution of wooden houses

4. To survey the social characteristics of each block: Residential population 

density, Density of children younger than 6, Density of aged people older than 

65, Road rate, Open space rate, Traffic volume, Urban structure (land 

utilization and type and use of building)

5. To survey elements relevant to fire number breaking out of fire spreading 

velocity of fire

6. To measure distance to open space for emergency evacuation. (Nakano & 

Matsuda, 1980:147)

Based on above mentioned steps following kind of damage potential were calculated 

for each block:

1. Vulnerability of houses to collapse

2. Degree of danger derived from social characteristics of each block

3. Probability of breaking out of fire

4. Spreading velocity of fire

5. Distance to open space for emergency evacuation(Nakano & Matsuda, 

1980:149)

"The final rankings are shown on figure 3-1. Grade 4 means that the block has the 

highest damage potential." (Nakano & Matsuda, 1980:149).



Figure 3-1Final result of the survey on damage potential 

3.1.3 USA; Reducing Earthquake Losses 

According to research which has been performed 

Assessment of the United States;

research-oriented program to reduce earthquake losses. This program

Earthquake Hazard Reduction Program (NEHRP)

contributions toward improving our understanding of earthquakes and strategies to 

reduce their impact. However, much of the United States remains at risk for 

significant earthquake losses. Risk

base created by research; this lag, or “implementation gap,” reflects the limitations of 

NEHRP’s information

1995:ix)

"The federal government currently responds to the earthquake threat with a number of 

policies and programs. 

(NEHRP), is its primary effort

Final result of the survey on damage potential (Nakano & Matsuda

USA; Reducing Earthquake Losses 

According to research which has been performed by Office of Technology 

Assessment of the United States; "Since 1977, the federal government has had a 

oriented program to reduce earthquake losses. This program

Earthquake Hazard Reduction Program (NEHRP)—has made significant 

utions toward improving our understanding of earthquakes and strategies to 

reduce their impact. However, much of the United States remains at risk for 

significant earthquake losses. Risk-reduction efforts lag far behind the knowledge 

ch; this lag, or “implementation gap,” reflects the limitations of 

NEHRP’s information-based strategy for encouraging nonfederal action.

The federal government currently responds to the earthquake threat with a number of 

ams. The National Earthquake Hazard Reduction Program 

ts primary effort. “To reduce the risks of life and property from future 
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Matsuda, 1980:148)

Office of Technology 

the federal government has had a 

oriented program to reduce earthquake losses. This program—the National 

has made significant 

utions toward improving our understanding of earthquakes and strategies to 

reduce their impact. However, much of the United States remains at risk for 

reduction efforts lag far behind the knowledge 

ch; this lag, or “implementation gap,” reflects the limitations of 

nonfederal action." (OTA, 

The federal government currently responds to the earthquake threat with a number of 

he National Earthquake Hazard Reduction Program 

reduce the risks of life and property from future 
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earthquakes in the U.S. ...” The program, NEHRP, combines the efforts of four 

federal agencies:

• The U.S. Geological Survey (USGS),

• The National Science Foundation (NSF),

• The Federal Emergency Management Agency (FEMA), and

• The National Institute of Standards and Technology (NIST)." (OTA, 1995:x) 

Figure 3-2: NEHRP divisions and activities, (Reference: ���	
��������������

In other word, there is no NEHRP agency or central office. Rather, NEHRP is a 

program in which four federal agencies—USGS, NSF, FEMA, and NIST—

participate. (OTA, 1995:12)

Based on OTA report, Mitigation measures (i.e., actions) include:

• "Incorporating seismic design features into new buildings and lifelines;

• Retrofitting existing buildings and lifelines to improve resistance to seismic 

forces;

• Securing nonstructural components so that they do not fall or become sources 

of injury in an earthquake;
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• Matching land use to the hazard; 

• Developing response plans that ensure the availability of fire, ambulance, and 

other resources as needed.

There are numerous tools, or levers, to promote these measures, including:

• Building codes that set minimum seismic requirements for new construction;

• Land-use regulations that steer inappropriate development away from 

dangerous areas (e.g., prohibiting residential construction in landslide-prone 

areas);

• Provision of information such as detailed ground motion maps to decision

makers;

• Public education programs;

• Financial incentives, such as insurance, that promote the use of mitigation 

measures;

• Research, to better define the risk and improve methods to reduce 

it"(OTA,1995,10)

According to FEMA website (http://www.fema.gov/); "NEHRP implementation 

activities are conducted primarily by FEMA. The agency prepares or sponsors the 

creation of a variety of published materials that help various groups learn about and 

use the results of NEHRP’s research and development activities. FEMA makes these 

materials conveniently accessible through the FEMA Library, and promotes them 

through widely disseminated publication announcements and conference exhibits. 

Audiences targeted include individuals and families, teachers and students, public 

policy makers and planners, and building and lifeline designers, managers, and 

regulators. NIST also develops and disseminates publications that synthesize R&D 

findings into concise, practical seismic-design guidance for practicing engineers.

FEMA has produced many of the publications used to document and promote seismic 

rehabilitation methods and the consensus recommendations that the agency helps to 

develop on improving building codes. FEMA works with code- and standards-

development organizations to incorporate these recommendations into nationally 

applicable model building codes and standards.
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FEMA supports the provision of earthquake-related training primarily through its 

National Earthquake Technical Assistance Program. A variety of courses are 

supported, many targeted to state and local building regulatory officials and to 

building design, construction, and management professionals. Subjects include, for 

example, how to identify buildings potentially in need of seismic rehabilitation, or 

how to secure the nonstructural components of buildings to reduce earthquake losses. 

FEMA maintains several grant programs that help state and local governments plan 

and implement earthquake mitigation measures. The agency also supports other 

initiatives and organizations that bring people together to reduce earthquake risks. 

FEMA's QuakeSmart program, for example, engages businesses in preparedness and 

mitigation activities, and FEMA-supported regional earthquake consortia facilitate 

regional planning and promote state and local awareness, education, and mitigation 

activities. FEMA works with the consortia and their state partners to encourage 

adoption and enforcement of building codes and use of seismic rehabilitation at the 

local level.

Earthquake mitigation and response planning has been enhanced at all levels of 

government and in the private sector through the use of realistic earthquake scenarios. 

USGS has helped to develop and promote these scenarios, creating video simulations 

and other information that engage and inform those who would be affected by these 

potential seismic events."

"If a major earthquake occurs in the United States during the Plan period, NEHRP 

will initiate efforts to study the effects and impacts of that event. These studies will 

assess what worked, what failed, and what unforeseen problems arose in mitigation, 

response, and recovery practices and policies. Should this occur, this Plan may be 

overtaken by events and need significant revision." (NEHRP, 2008:43)

"NEHRP will continue to explore developing specific, effective partnerships with its 

stakeholder community—appropriate academic, industry, government, technical, 

professional, and codes and standards organizations that are intimately involved with 

the earthquake risk reduction process. Through these efforts, unanticipated but 

welcome opportunities may emerge that require timely response from NEHRP.
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Thus, NEHRP will remain focused on the elements of this Plan but adaptable to 

contingencies and opportunities as they arise. In addition to reviewing annual 

accomplishments and progress, the Interagency Coordinating Committee, ICC, will 

review this Plan annually. With the advice of the Advisory Committee on Earthquake 

Hazards Reduction, ACEHR, the ICC will determine what changes, if any, are needed 

to improve its applicability and effectiveness" (NEHRP,2008:44). 

"A 2003 report noted that “our ability to secure society against catastrophic 

earthquake losses depends on a strong and viable NEHRP.” Properly supported and 

implemented, this Strategic Plan fulfills that need." (EERI, 2003:vi). 

3.1.4 Italian experiences in earthquake risk reduction

Italy is one of earthquake prone countries in which so many scientists have been 

research in seismology and earthquake engineering. According to research that 

performed by Pessina and Faccioli; "Results and applications of two seismic risk 

assessment projects carried out in Italy are selected to be presented. One project 

addressed Catania city, in Sicily, and dealt with the problem of a densely urbanized 

area with high seismic hazard and high risk exposure similar to dissertation case 

study. The second focused on the damage assessment of monuments and historical 

buildings in the small historical centers located in Western Liguria (NW Italy). Both 

projects made use of the same nation-wide source of data on residential buildings and 

population, and adopted the same recent methods for earthquake damage and loss 

assessment.



Figure 3-3 Italy seismic hazard

http://www.setric.org)

The seismic risk scenario studies on Catania initiated in 

project funded by the Civil Protection Agency and the National Gr

against Earthquakes (GNDT

city was further investigated in the framework of the EC project RISK

latter, an improved and updated assessment approach was used that, owin

modular features, could be applied to cities with widely different urban and seismic 

hazard contexts. Such variety was well represented by the other European cities 

participating in the project in addition to Catania, i.e. Barcelona, Bitola, Bucha

Nice, Sofia and Thessaloniki

Catania, with an overall urban area gathering some 

cities in Italy with the highest exposure to natural hazards (earthquakes and volcanic 

eruptions): its history tells that the city has been destroyed or very heavily damaged 

twice by large earthquakes in the last millennium. 

 Italy seismic hazard map (Pessina and Faccioli, 2005: Website: 

.

The seismic risk scenario studies on Catania initiated in 1996, with a 

project funded by the Civil Protection Agency and the National Group for the 

GNDT). Subsequently, from 2000 to 2004 the seismic risk of the 

city was further investigated in the framework of the EC project RISK

latter, an improved and updated assessment approach was used that, owin

modular features, could be applied to cities with widely different urban and seismic 

hazard contexts. Such variety was well represented by the other European cities 

participating in the project in addition to Catania, i.e. Barcelona, Bitola, Bucha

Nice, Sofia and Thessaloniki also Middle East cities such as Tehran

with an overall urban area gathering some 500.000 inhabitants

cities in Italy with the highest exposure to natural hazards (earthquakes and volcanic 

s): its history tells that the city has been destroyed or very heavily damaged 

twice by large earthquakes in the last millennium. 
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Website: 

with a 3-year national 

oup for the Defense

 the seismic risk of the 

city was further investigated in the framework of the EC project RISK-UE. In the 

latter, an improved and updated assessment approach was used that, owing to its 

modular features, could be applied to cities with widely different urban and seismic 

hazard contexts. Such variety was well represented by the other European cities 

participating in the project in addition to Catania, i.e. Barcelona, Bitola, Bucharest, 

also Middle East cities such as Tehran. 

 inhabitants, is among the 

cities in Italy with the highest exposure to natural hazards (earthquakes and volcanic 

s): its history tells that the city has been destroyed or very heavily damaged 
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Results such as earthquake ground shaking levels, expected damage distribution for 

residential buildings, as well as distribution of the number of victims and shelters, 

have been disseminated in the form of GIS

On the other hand, one should keep in mind that the city built environment is 

by unrecorded post-earthquake repairs and modifications over some 

years, unfavorable foundation conditions at some places (old debris and artificial 

fills), a peculiar historical centre and a large post-war expansion. The vulnerability of 

residential buildings was assessed using the data of the National Institute of Statistics 

), greatly strengthened by additional data gathered in a more detailed 

city census (LSU survey). The ground shaking hazard has been estimated according to 

a deterministic scenario for a M7.2 earthquake occurring offshore, on the Malta 

Escarpment fault system, at 12 to 15 km from the city. 

4 Earthquake hazard assessment; deterministic 

. (Pessina and Faccioli, 2005: Website: 

http://www.setric.org)

Results such as earthquake ground shaking levels, expected damage distribution for 

residential buildings, as well as distribution of the number of victims and shelters, 

have been disseminated in the form of GIS-generated digital maps.
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On the other hand, one should keep in mind that the city built environment is 

pairs and modifications over some 200

years, unfavorable foundation conditions at some places (old debris and artificial 

war expansion. The vulnerability of 

data of the National Institute of Statistics 

), greatly strengthened by additional data gathered in a more detailed 

city census (LSU survey). The ground shaking hazard has been estimated according to 

ke occurring offshore, on the Malta 

deterministic 

Website: 

Results such as earthquake ground shaking levels, expected damage distribution for 

residential buildings, as well as distribution of the number of victims and shelters, 
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Figure 3-5 Vulnerability Index, left and Damage Scenario, right (Pessina and 

Faccioli, 2005: Website: http://www.setric.org).  

Even though the interest and degree of involvement by local administrators in the 

project was increasing during the project, due to detailed level of the scenario 

analyses and the nature of the results, there were difficulties in transferring smoothly 

this kind of information into urban emergency plans. Efforts have been devoted to 

usefully re-focus some damage prediction studies onto objectives meeting more 

directly the practical needs of city officials, such as the evaluation of vulnerability for 

hospitals and schools, the assessment of probable road obstructions due to debris of 

collapsed buildings, the estimation of seismically hazardous gas pipeline systems, etc. 

A policy of close co-operation was steadily pursued, trying as much as possible to 

provide solutions meeting the city representatives' requests. For instance, the latter 

indicated a densely inhabited central section of the city, with a critical ratio between 

buildings elevation and width of the roads, and asked to identify the streets likely to 

be obstructed by the debris of collapsed or damaged buildings in case of a strong 

earthquake. In this section, in addition to evaluating the damage scenario for 

residential buildings, also the strategic facilities such as schools, hospitals, and city 

offices were considered, together with the lifeline networks and the emergency shelter 

areas.
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As regards the second project, conducted at a different scale within a seismic risk 

project on Western Liguria, studies were been carried out mainly on historical centers, 

characterized by moderate level of seismic hazard, but higher level of building 

vulnerability. Working in GIS environment, results have been obtained at detailed 

level, even at census tract resolution for all the considered municipalities. A Web-GIS 

instrument presenting and summarizing these results (http://adic.diseg.unige.it/gndt-

liguria/) is mainly addressed to administrators and civil protection operators, as well 

as to generic public. Indeed, the Web-GIS structure is designed with an aim at 

supporting decisions of administrators (land planning, resources investments, etc.), 

facilitating mitigation actions (priority interventions, post-emergency measures, etc) 

and informing a more generic public. For these features, the Web-GIS is actually used 

in developing a tool for real-time scenario generation, of interest for the Civil 

Protection Agency of Liguria Region." (Pessina and Faccioli, 2005: Website: 

http://www.setric.org).  

3.2 Iranian and international seismic codes

Main activities regarding earthquake damage mitigation can be categorized to three 

divisions:

1. Code and standards preparation and development

2. Programs and Plans for reducing earthquake losses

3. Research reports 

3.2.1. Code and standards

The most famous and applicable earthquake Iranian standard regarding earthquake 

design of building structures famed as Standard 200. According to preface of this 

standard; "The first step on this way was completing 'Iranian code of practice for 

seismic resistant design of buildings' In decade 60, which is in chapter of Iran's 

standard 519. Iranian code of practice for seismic resistant design of buildings 

'standard 2800' on 1988 has been approved and endorsed by Islamic Republic of Iran's 

government and became state of being official.
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These provisions caused discipline for all construction activities in different part of 

the country. Trying for general executive and prevention from offends, were so 

effective in reduction of damages due to earthquake.

Experiences and executed reaction in practice and in engineering comments, also 

studying and considering lessons learned from different earthquakes around the world 

as Iran (Mangil, Roodbar.), showed that revising the Iranian code of practice for 

seismic resistant design of buildings is very important.

On 17 March 1989, Islamic Republic of Iran's government, bounded Ministry of 

Housing and Urban Planning to revise 'Iranian code of practice for seismic resistant 

design of buildings' once each 5 years.

On 1993, Building and Housing Research Center, BHRC, revised this Code of 

Practice by Iranian professors, researchers and expert engineers in depended majors as 

specialist committee. On 1996, the main committee named "the permanent committee 

for revising the Iranian code of practice for seismic resistant design of buildings" has 

been established. This committee has to describe further improved Code of Practice. 

On fifth of December 1999, Islamic Republic of Iran's government has approved the 

second edition of 'Iranian code of practice for seismic resistant design of buildings'. 

As expectation, in this edition, appreciate more technical points and standard safety 

level comparing with the first edition. , The revision of the 3rd edition for 'Iranian code 

of practice for seismic resistant design of buildings' has started from 12 December 

2002.

Therefore, the 3rd revision, edition program for Code of Practice is based on the 

following fields:

1. To remove doubts, clearing and replying to questions from all designers 

and engineers who are cooperating and working with the second edition 

of the Code of practice to analyze, calculate and design the resistance 

structures against earthquake.



51 | P a g e

2. To exert necessary changes in different discussion noticed based on new 

knowledge and information in earthquake engineering and seismology. 

Also according to world creditable Seismic Codes of Practice.

3. Using scientific research and studying achievements by Iranian 

researchers and scholars in special occasions for seismic and 

construction in Iran.

One of the programs in short and middle period was gathering and arranging the 

improved proposals and ideas. The permanent committee for revising the Iranian code 

of practice for seismic resistant design of buildings studied these proposals carefully 

in each field with considering on executive and studying timetable, and then approved 

them" (Standard No. 2800, 2007:v-vi)

"The purpose of standard 2800 is to provide minimum provisions and regulations for 

the design and construction of buildings to resist the earthquakes effects. By these 

provisions, it is expected that: 

a) In major seismic ground motions the loss of life is minimized while the stability of 

the building is maintained, and in moderate and low seismic ground motions the 

building is left without major structural damage.

b) In moderate and low seismic ground motions, buildings designated as 'high 

importance' maintain their serviceability, and for buildings designated as 

'intermediate importance' the structural and nonstructural damage shall be 

minimized.

c) In major seismic ground motion, buildings designated as 'Very High Importance' 

shall maintain their operational level without major structural damage.

NOTE
 Major seismic ground motion or 'Design Level Earthquake' is the ground 

motion with a 10 percent probability of not being exceeded in 50 years, the lifetime of 

the building." (Standard No. 2800, 2007:1)
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"Low and moderate seismic ground motions or 'Service Level Earthquake' is the 

ground motion that has a 99.5 percent probability of not being exceeded in 50 years, 

the lifetime of the building." (Standard No. 2800, 2007:1)

Standard 2800 is applicable for the design and construction of buildings with 

reinforced concrete, steel, wood and masonry structures but Special buildings such as 

dams, bridges, offshore structures and nuclear power plants are not included in the 

scope of this code. (Standard No. 2800, 2007:2)

"Design of special Buildings shall be done in accordance with specific provisions as 

set forth in the respective code to withstand seismic effects.

Based on this code Mud and Adobe buildings do not have adequate seismic 

resistance due to the inherent weakness of their constituting materials. Special 

provisions shall be observed to ensure relative safety of such buildings against seismic 

actions. For buildings constructed in remote areas where suitable material may not be 

easily available, special provisions and technical guidelines shall be developed and 

implemented to ensure the relative safety of these buildings such as use of wood, steel 

or concrete resisting elements or any combinations of them or any other suitable 

material." (Standard No. 2800, 2007:2)

Application and putting into operation of Standard 2800 is one of the most important

steps in minimizing the risks of earthquakes. As Standard 2800 plays a crucial role in 

the safety of buildings, it is of paramount importance to give it the compelling 

attention it requires. Formulation and revision of Standard 2800 paves the way for 

improvement of the construction industry in Iran and its utilization would certainly 

result in assured and explicit mitigation of earthquake risks.
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3.2.2. Programs and Plans for reducing earthquake losses

These plans can be categorized in two groups:

I. Disaster and crisis management plans

Based on performed research under UNDP (UNDP, 2005); "The strengthening of 

disaster management capacities in Iran has featured high on the agenda of United 

Nations Development Program, UNDP. Based on a wealth of knowledge and 

experience, UNDP works closely with governmental and civil society partners to 

identify and strengthen national capacities in the management and implementation of 

early recovery programs and disaster reduction and preparedness. UNDP is also 

helping to put disaster risk at the forefront of development planners’ minds in order to 

ensure that disaster risk is being incorporated into development planning frameworks.

Prominent among UNDP-sponsored initiatives in Iran has been the development of an 

Integrated National Disaster Management Plan, a five-year national program for 

capacity building to manage disaster risk, development of guidelines and organizing 

training courses on various aspects of disaster risk management following the Manjil 

earthquake in 1990, and supporting the country’s reconstruction and recovery 

programs after the devastating earthquake in the city of Bam (2003).

As part of the new Country Program, 2012 - 2016, UNDP will continue its support to 

the Government for the integration of disaster management and risk reduction into 

development policies, key sector plans and programs; strengthening knowledge and 

understanding of disaster risks, strengthening community-based disaster management 

and risk reduction, and developing regional and international cooperation for the 

exchange of knowledge and expertise."

II. Iran Earthquake Hazard Mitigation Program, IEHMP

"After the Manjil earthquake the IEHMP was developed by International Institute of 

Earthquake Engineering and Seismology, IIEES. 
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The first phase of the program was implemented during 1991 to 1997 with the co-

operation of IIEES, Building and Housing Research Center (BHRC) and other

universities with the support of Earthquake Committee of Iran Research Council (EC-

IRC) and National IDNDR (International Decade for Natural Disaster Reduction) 

committee." (Ghafory-ashtiani, et al, 2000:1).

"The main achievements of the past 9 years of activity and in the last year of the 

IDNDR are as follows:

• Recognition of hazard, vulnerability and risk in Iran by decision-makers, engineers 

and public.

• Move toward planning in all level of decision-makers.

• Improvement of technical knowledge, capabilities, research, education, engineering 

practice, etc.

• Improvement of preparedness and helping toward the implementation of mitigation 

actions.

• Reduction of vulnerability in some specific area.

• Appropriate testing facilities and laboratories have been established. Also the 

seismic Network and strong motion network has been expanded. In other word the 

minimum requirement for research studies have been provided, even though there is 

more which need to be added.

• Better understanding and assessment of Iran’s seismicity and seismic hazard through 

seismotectonic studies, development of seismic catalogue, seismic monitoring, and 

hazard analysis.

• Improvement of technical knowledge and reaching the know-how for seismic safety 

and strengthening the country against earthquake. Today there is no lack of technical 

knowledge for the implementation of risk reduction policy or program in the country.

• The Civil-structural engineering education has been directed more toward 

earthquake engineering and seismic design and construction.
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• Graduate studies in the earthquake relate fields were established in different 

universities. The MS and Ph.D. thesis were oriented toward solving the technical 

problems related to the earthquake hazard mitigation.

• Familiarization of engineers to the latest know-how and information related to 

seismic design and construction through extension courses, seminars and specialized 

workshops.

• Public awareness: through the extensive educational camping in school system and 

through all type of media, it can be claimed that people are more knowledgeable about 

earthquake and aware of the hazard and risk and consequently are more sensitive.

• Construction quality: due to the code and law enforcement and construction controls 

as well as the training program and people awareness, the quality of construction in 

the urban area has been improved and the trend is toward seismic construction of 

public and private buildings. More incentive and encouragement is required.

• Disaster management: in past 10 years due to the occurrence of many earthquakes 

and floods, the rescue operation and reconstruction were performed quite acceptable 

and excellent. In recent year the view to Disaster management has been changed 

toward a long term planning. A comprehensive Disaster management program with 

the view of prevention, preparedness, rescue operation, reconstruction has been 

developed for sustainable development.

• Co-operation and coordination: EC-IRC not only had played an important role in the 

coordination of research activities in Iran but with its support and approval of the 

IEHMP have helped all the institution and avoided duplicate work. Also national 

IDNDR committee had played an acceptable role in the coordination of the applied 

work and risk reduction program." (Ghafory-ashtiani, et al, 2000:3).

"Today we can claim that the seismic safety has become an important issue in the 

country, structures are built much better than before, even though there is a long way 

to achieve a seismically safe environment.
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Based on the experience and achievement of the first phase of the program as well as 

increased knowledge of our expert a new program called “Doable Initiative and 

Momentum for Earthquake Hazard Reduction-DIMEHR” has been proposed for “Iran 

1400” which is “Iran in year 2020”. 

The main objective of this plan is to achieve a seismically safe Iran in Year 2020 or 

1400 in Iranian Calendar. This proposed plan is more applied mitigation oriented than 

research with the consideration of socio-economic situation of the country as well as 

the steps need to be taken before the program could actually be implemented. 

"(Ghafory-ashtiani, et al, 2000:1).

3.2.3. Research reports 

i. Probabilistic seismic hazard analysis Phase I- Greater Tehran Regions

(Gholipoor Y. et al., 2008).

This project has been performed by a research group in Tehran University, ordered by 

Iranian president deputy strategic planning and control. 

The general approach to seismic hazard evaluation is usually directed towards 

reducing the uncertainties at various stages of the research process by collecting a 

sufficient amount of reliable and relevant data. There is generally a trade-off between 

the effort needed to compile a detailed, reliable, and relevant database, and the degree 

of uncertainty that should be taken into consideration at each step of the process. In 

this project, the available surface/subsurface geophysical, geological, seismological, 

geotechnical, geodetic, and hydro geological characteristics of the project area was 

evaluated. Accordingly, comprehensive, homogeneous, and integrated databases 

including all relevant information were created prior to developing seismic hazard 

analysis. The databases for the project area, to the extent possible, or at a minimum, 

would be sufficiently complete for characterizing the major seismotectonic features 

and important seismic sources. The databases would, therefore, be sufficient enough 

to determine the strong ground motion and earthquake-fault displacement hazards at 

the project area. 
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The overall goal of this project was critically review, update, and development of 

improved dataset for estimating fault rupture hazard, conditional probabilities of 

earthquake occurrence on various faults and/or fault segments, estimating earthquake 

recurrence times and magnitudes from geologic data, and implementing them in the 

fault rupture hazard maps and regional risk analysis. Seismic hazard was estimated 

depend on knowledge of (i) potential seismic sources based on the faults 

characteristics, historical earthquake data, and GPS measurements, (ii) estimation of 

the ground motion parameters, (iii) seismic wave paths, and (iv) s local site 

conditions. 

Despite limited available data and lack of detailed large-scale fault maps, it was tried 

to follow as much as possible the original guidelines employed by the Geological 

Survey of Californian (http://consrv.ca.gov.CGS/rghm/psha) for the probabilistic 

seismic hazard assessment for the State of California, as well as the Southern 

California Earthquake Centre (http://www.scec.org) Working Group on the 

Probabilities of Future Large Earthquakes in Southern California (Jackson et al., 

1995: 420). Integration of seismologic and geologic databases in this study has led to 

a much better, though still far from complete, understanding of the relationships 

between faults and earthquakes in space and time used in seismic hazard analysis. 

Hopefully, it will provide a basis for evaluating long-term earthquake potential in the 

study area, and will be reviewed and revised regularly every five years. 

Hazard analysis requires characteristics of the seismic sources that can be expected to 

affect a selected place in terms of location, magnitude, and frequency of occurrence of 

earthquakes. Earthquake ground motions will vary throughout the region, depending

upon the magnitude of earthquake, the distance of the site from the causative fault, 

and the types of materials underlying the site. In summary the objectives of the project 

were to: 

• A review of available published data relating to the regional seismicity to compile 
a comprehensive earthquake catalog of the region.
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• Review of the existing published fault geometry and fault mechanism information 

and incorporate the latest research performed by the Geological Survey of Iran 
(GSI) to prepare the Iranian fault map and database.

• The faults slip rates information and the GPS measurement data, which is used to 

estimate the relative motion of the two sides of fault is used by GSI to develop the 

seismicity rates for the faults in the region.

• Evaluation of the NGA attenuation functions using the Iranian recorded ground 

motions to verify its applicability for use in the hazard analysis of the project area.

• Perform probabilistic hazard analysis based on the original guidelines employed by the 

USGS for the development of the probabilistic seismic hazard map.

• Estimation of the PGA and spectra acceleration for the entire project area for 75, 475, 

1000 and 2475 years return periods. 

Seismic hazard analysis was required for the design of all critical and essential 

structures in order to estimate expected level of ground shaking at the site. The 

expected PGA of site can be evaluated using the probabilistic or deterministic 

approach. A deterministic seismic hazard evaluation (DSHA) is based on the 

postulated occurrence of an earthquake of a specified size occurring at a specified 

location. The DSHA provides a framework for evaluation of worst-case ground 

motion. However, this methodology provides no information on the likelihood of 

occurrence of the controlling earthquake and where it may occurs, and the level of 

shaking that might be expected during a finite period of time (such as the useful 

lifetime of a particular structure or facility). As an alternative to this procedure the use 

of probabilistic concepts has allowed uncertainties in the size, location, rate of 

recurrence of earthquakes, and the variation of ground motion characteristic with 

earthquake size and location to be explicitly considered in the evaluation of seismic 

hazards. Probabilistic seismic hazard analysis (PSHA) provides a framework in which 

these uncertainties can be identified, quantified, and combined in a rational manner to 

provide a more complete picture of the seismic hazard.
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Obviously the accuracy of evaluated ground motion parameters at site is strongly 

depends on the reliability of data in which the analysis is based on. 

ii. The Study on Seismic Microzoning of the Greater Tehran Area in the 

Islamic Republic of Iran

Based on official contract with a Japanese research company, JICA, one of the most 

comprehensive report on earthquake hazard assessment has been prepared on 2000

and according to this report; "The Government of Japan conducted “The Study on 

Seismic Microzoning of the Greater Tehran Area in the Islamic Republic of Iran. The 

Japan International Cooperation Agency, JICA, the official agency responsible for the 

implementation of technical cooperation programs of the Government of Japan, 

dispatched a Study Team to Tehran on April 12, 1999 to conduct the Study in

accordance with relevant Japanese laws and regulations. The Study was also 

undertaken in accordance with a Scope of Work agreed upon by the Centre for 

Earthquake and Environmental Studies of Tehran, CEST and JICA.

CEST acted as the Counterpart Agency, representing the Government of Iran in 

coordination with other related governmental agencies and organisations. The 

duration of the Study, up to the official submission of the Final Report in December 

2000, was approximately 18 months.

The objectives of the Study are:

1) To compile seismic microzoning maps which can serve as a basis for the 

preparation of a regional and urban seismic disaster prevention plan of the Greater 

Tehran Area.

2) To make recommendations for the mitigation of seismic disaster.

The Study Area covers the Greater Tehran Area, including the Tehran Metropolitan 

Area, which consists of 22 districts.
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The seismic microzoning was carried out based on the following approach and 

methodology:

1) The seismic microzoning was conducted using Japanese state-of-the-art 

technology. Specifically, the analytical methods applied in this Study were based on 

Japanese urban disaster experience.

2) While it was important to apply global knowledge, theories and previous 

experience to the Study, more emphasis was placed on existing Iranian knowledge 

and experiences. Detailed seismic studies have been conducted by Iranian researchers 

and engineers, and these results were incorporated in the Study. Furthermore, basic 

data for the seismic microzoning were collected from various local research 

organizations, universities and public institutes.

3) Cooperation between the Study Team and local Iranian counterparts was very 

important in obtaining effective output. Mutual understanding was developed through 

seminars, meetings and discussions. For example, the objectives of field 

investigations to be conducted by the Study Team were developed and finalized based 

on discussions with related organizations, universities and public institutes.

4) The results of the microzoning shall be utilized for future urban development 

planning and urban disaster prevention planning in Tehran. The following matters 

were taken into consideration:

- Adoption of clear, practical, state-of-the-art methods;

- Unified and integrated analysis methodology;

- Utilization of existing GIS data files; and

- Harmonization with existing plans and programs.

5) Knowledge of earthquake engineering in Iran is extensive. Therefore, technical 

transfer focused on the following three items:

- Introduction of Japanese knowledge and experiences;

- Techniques for the practical execution of microzoning; and

- Methods to interpret microzoning results.
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These two mentioned reports are the most reliable performed analysis which are 

carried out to demonstrate Tehran hazard map and probable earthquake damages in 

each district.

Although there are so many valuable suggestions in mentioned reports, most of them 

not included in new Tehran’s Comprehensive plan which has been notified by March 

2012." (JICA, 2000:1, 3)
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CHAPTER 4: CASE STUDY (NORTH OF TEHRAN)

In this chapter required statistical indices are defined and explored in case study area then 

relation of each index with the phenomenon will be assessed in next chapter.

It should be noted that earthquake loss strongly depends on geological characteristics, 

building type and its construction quality, width of access roads and rescue facilities, thus 

two similar earthquakes may cause different damages.

Further to Iranian organization of Natural Disaster Mitigation reports on recent 

earthquakes in north of Iran, some of main effective indices related to access roads 

behavior during an earthquake are determined precisely therefore access roads can be 

taken as main distinguishing parameter of each part of the area and area vulnerability 

would be assessed based on such criteria.

Required data are gathered in two ways:

1. Site survey, self-observation and Interview with area resident. 

2. Literature review of existing studies in Tehran Municipality, JICA report and 

studies of Pars Aryan R. consulting engineers and Parhas consulting engineers 

which are all highly appreciated.

4.1 Site location

Studied area is located on northern part of Tehran district 1 which can be described as 

follows: 

4.1.1. Tehran district 1 specifications

According to Tehran Municipality website (www.Tehran.ir), this district is expanded to 

the north range of altitudes 1800 meters south of Alborz Mountains, to the south to 

Chamran Expressway between Azadi Hotel and Modarres Highway and Sadr Bridge and 

Babaee expressway, from West, to Darakeh River Land and to East, is limited to the 

Estakhr Street.
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Figure 4-1 Tehran Districts (Reference: http//www.tehran.ir)

By considering northern approved limits of Tehran it has about 4573 hectare but 

construction extended beyond this limits and total area of this district increased to 

about 4816 hectare. (Tehran comprehensive plan, 2007: http//www.tehran.ir ).

This area includes 115 mosques, 400 public and private schools, more than 100 parks 

and 160 public and private sport places, and green space area per capita compared 

with the international per capita (16 m), is 42 square meters and is in a desirable 

condition.

According to the latest population census in 2011, SCI population area has more than 

410 thousand people that by providing services to Shahid Mahalati and Qaem 

neighborhoods and towns from 2008, regional population is estimated of more than 

480 thousand people.

Figure 4-2 Tehran Districts 1 (Reference: http//www. Tehran.ir)
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According to Tehran municipality web site (www.Tehran.ir); "Users of recreational 

and tourism facilities in the mountainous region with a different age composition are 

about 900 thousand people a month and this figure reaches nearly twice the total 

population of the region.

From one hundred years ago, Shemiran due to its tourist attractions such as the 

Darband, Touchal, Koulakchal, Evin - Darabad and Darabad ,is considered as one 

entertainment places among the inhabitants of Tehran and now also with parks like 

Jamshidieh, Niavaran, Gheitarieh, Sasan and Lily (Rahman Abad) the visitors of 

Shemiran recreational areas have been increased.

Tajrish Bazar, as a trade location and a relatively old commercial center for many 

years is considered an important trade and regardless of structural change with the 

construction area and stores in different regions, still it has maintained the importance 

and credibility.

Two great art and cultural complex ; Saad Abad and Niavaran which used to be the 

royal palace in the past and access for the masses was impossible, and also a new 

outdoor amphitheater ;Niloufar ,Golrizan and Simin- ghale, as popular centers are 

accessible to public and different classes of people can utilize these extensive cultural 

–artistic facilities. 

Niavaran and Sharbanou Sport Complex and Kashank, Aqdasiyeh, Oshan, Ozgol and 

Souhanak sport salons also constructed in years 2008 and 2009 are considered as 

sport capacities of the area. 

Chamran’s Walk and bike track are considered as other sport attractions of Tehran’s 

region One Municipality.

Shemiran has religious and cultural identity from relatively distant past, presence of 

holy places like Holy 'Emamzadeh Saleh', Holy 'Emamzadeh Qasim' and Holy 

'Emamzadeh Ali Akbar', well demonstrates the religious and pilgrimage effect of 

Shemiran."

Average density of population is 85 persons per hectare. Population distribution is not 

uniform on district area and land use in this district is mostly residential. (see Figure 4-3) 



Figure 4-3 Tehran Districts 

4.2 History of stu

Before 1960 north of Tehran and slope of Alborz mountain was mostly covered by farms 

and gardens and located out of Tehran limits which has been assigned by Tehran 

Municipality. After Revolution on 

joined to main city gradually. Major changes in studies area happened mainly in three 

stages; before 1960, 1960

I. Before 1960

area. During this period area was expanded d

development in commercial relations between this area and city inhabitants. 

However most part

II. Between 1960

expanded beyond 

southern parts of studied area

Figure 4-4 Northern part of Tehran district 

(Reference; Iranian National cartographic Center) 

 Tehran Districts 1, Land use (JICA, 2000:37 )

 History of studied area

 north of Tehran and slope of Alborz mountain was mostly covered by farms 

and gardens and located out of Tehran limits which has been assigned by Tehran 

After Revolution on 1975 and speeding up immigration to Tehran

joined to main city gradually. Major changes in studies area happened mainly in three 

1960 – 1975 and 1975 till now.

1960, Emamzadeh Qasim mahala was formed near to existing rural 

area. During this period area was expanded due to population growth and 

development in commercial relations between this area and city inhabitants. 

However most parts of area were covered by farms.

1960 to 1975, immigration sped up and Tehran suburbs were 

expanded beyond assigned limits. Most of buildings were constructed in 

southern parts of studied area. (see Figure 4-4) 

Northern part of Tehran district 1 on 1962, left side and 

(Reference; Iranian National cartographic Center) 
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 north of Tehran and slope of Alborz mountain was mostly covered by farms 

and gardens and located out of Tehran limits which has been assigned by Tehran 

 and speeding up immigration to Tehran, suburbs 

joined to main city gradually. Major changes in studies area happened mainly in three 

Emamzadeh Qasim mahala was formed near to existing rural 

ue to population growth and 

development in commercial relations between this area and city inhabitants. 

immigration sped up and Tehran suburbs were 

of buildings were constructed in 

left side and 1970, right side 



III. After Revolution on 

short period before and after regulation and it was an opportunity for 

constructing without any permi

mountain slope therefore old farms were replaced by residential

4.3 Topography and 

Studied area is located 

persons. It is one of four Mahala of neighborhood 

hectare. This is old rural area rather than an old urban area that is changed to an urban 

area gradually by increasing in Tehran population. It should be noted that northern part of 

this area is located on 1800

construction in such elevation is not permitted.

Figure 4-5 Studied Area (Reference: 

Residents are mainly immigrated from Tehran suburbs to find a better job therefore they 

are economically in low level

Figure 4-6 General view of studied area

After Revolution on 1975 till now; responsible organization were closed in a 

short period before and after regulation and it was an opportunity for 

constructing without any permission which were happened mostly o

mountain slope therefore old farms were replaced by residential

Topography and Geology of the area

on northern part of Tehran district 1 with population about 

It is one of four Mahala of neighborhood 3 of district 1. Its total area i

ral area rather than an old urban area that is changed to an urban 

by increasing in Tehran population. It should be noted that northern part of 

1800m height from mean sea level and based on current regulation 

tion in such elevation is not permitted.

Reference: Right, www.Tehran.ir. Left, Google earth)

Residents are mainly immigrated from Tehran suburbs to find a better job therefore they 

omically in low level (see Figure 4-6).

General view of studied area (Author, 2012).
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ral area rather than an old urban area that is changed to an urban 

by increasing in Tehran population. It should be noted that northern part of 

m height from mean sea level and based on current regulation 

Google earth)

Residents are mainly immigrated from Tehran suburbs to find a better job therefore they 
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This area is located on Alborz mountain slope therefore access roads generally have steep 

slope (see Figure 4-7 and Figure 4-8).

Figure 4-7 steep slope of access pedestrian road (Author, 2011)

In some areas natural slope exceeds 15% and slope stabilization and protection is not 

performed properly thus land sliding and stone falling during earthquake is quite 

probable.

Figure 4-8 General survey of studied area (Reference; http://www.ncc.org.ir)
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Based on JICA report, Tehran can be simply classified into 5 topographic units: (1) 

mountains, (2) hills, (3) old alluvial fans, (4) young alluvial fans and (5) alluvial 

plains. The distribution of each topographic unit is shown on Figure 4-8 and Figure 4-

9. Their respective features are summarized below:

(1) Mountains

The Alborz Mountain Range is located in the northern part of the Study Area. The 

highest point of the Study Area is approximately 1800m above sea level and its 

average angle of the slope is 30 to 50 degrees. 

(2) Hills

Many hills are situated at the foot of the Alborz Mountain. Water erosion formed this

topographical unit. The highest point in the Study Area is approximately 1500m 

above sea level. The average angle of slope is 20 to 30 degrees at the top and 30 to 40

degrees at the edge of the hills. These hills can be distinguished from other 

topographical areas by the high altitude, many valleys and relatively steep slopes at 

the edge of Tehran. The area is located on a hill on Alborz mountain slope.

(3) Old alluvial fans

Old alluvial fans are widely spread at the foot of the Alborz Mountain Range. The 

elevation of the old alluvial fan area varies from 1100 to 1500m. This topographical 

unit can be distinguished from a hill and a young alluvial fan by the smooth gradient 

slopes measuring 5 to 10 degrees and the relatively deep valleys formed in the fan.

(4) Young alluvial fans

Young alluvial fans are widely spread at the bottom and mouth of the valley in the old

alluvial fan. The elevation of the young alluvial fan area varies from 1100 to 1400m. 

This topographical unit can be distinguished from old alluvial fans and alluvial plains 

by its less steep slopes and its less eroded surfaces. No remarkable valley can be seen 

in this topographical unit.

(5) Alluvial plains

Alluvial plains spread widely beyond the young and old alluvial fans. The elevation of 

the alluvial plain area varies from 1000 to 1100m. The surface of this unit is mostly 



flat but slightly inclined to the south. No remarkable valley can be seen in this 

topographical unit, but there exists a topographical discontinuity zone in the southern 

area. This discontinuity

sediments, but it may also be the

Figure 4-9 General topographical classification of studied area 

4.4 Geological study

The geological map, which focuses on Cenozoic sediments in the Tehran region, was

prepared for this Study by the Geological Survey of Iran (GSI). This geological map

basically presents the distribution of the Pliocene and Quaternary alluvial and glacial

deposits in the Tehran plain between 

classification of alluvial deposits according to Rieben 

mapping different lithologic units of the Study Area. The geological map of the Study 

Area is shown in Figure

region is shown in Figure 

Based on the explanation of this map by M

geological investigation of this Study, the geological conditions of the Study Area can 

be summarized as follows:

(1) Bedrock

Rock units older than A formatio

northern Tehran, where the Alborz Mountain Range is located (above the North 

Tehran Fault zone), this unit is basically composed of Eocene pyroclastics (green tuff) 

and volcanic rocks that

tly inclined to the south. No remarkable valley can be seen in this 

but there exists a topographical discontinuity zone in the southern 

area. This discontinuity zone is thought to originate from an anticline of pre

ut it may also be the result of water erosion.

General topographical classification of studied area (JICA

study (JICA, 2000)

The geological map, which focuses on Cenozoic sediments in the Tehran region, was

for this Study by the Geological Survey of Iran (GSI). This geological map

basically presents the distribution of the Pliocene and Quaternary alluvial and glacial

deposits in the Tehran plain between 51°00'-51°44'E and 35°28

alluvial deposits according to Rieben (1996) is used as the basis for 

lithologic units of the Study Area. The geological map of the Study 

Area is shown in Figure 4-9 and a general section of alluvial deposits of the Tehran 

n in Figure 4-10.

Based on the explanation of this map by M. Ghasemi (1999) and the result of the 

investigation of this Study, the geological conditions of the Study Area can 

follows:

Rock units older than A formations in the map area are designated as "bedrock." In 

Tehran, where the Alborz Mountain Range is located (above the North 

this unit is basically composed of Eocene pyroclastics (green tuff) 

and volcanic rocks that form high outcrops north of the Tehran Plain. In the eastern 
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tly inclined to the south. No remarkable valley can be seen in this 

but there exists a topographical discontinuity zone in the southern 
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JICA, 2000:18)
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Sepaieh and Bibi-Sharbanu Mountains, bedrock includes limestone and dolomite of 

the Triassic and Cretaceous ages, some conglomerate of the Paleocene age, volcanic 

rocks of the Eocene age, and intrusive rocks of the Tertiary (Oligocene) age. In the 

south and southwest, bedrock is composed of Eocene volcanic rocks.

(2) A formation (Hezardarreh formation)

The name of this formation originates from the geomorphic nature of outcrops of the

formation. "Hezar" means "thousand" and "darreh" means "valley." Northern outcrops 

of "A" fm. are limited from the south to the 35°43' latitude, however, some outcrops 

of this unit are present in southern hills of the Tehran plain (south of the Kahrizak 

fault). The ancient alluvial deposits of A fm. essentially include conglomerates with a 

few lenses of sandstone, siltstone and mudstone, and are recognizable by regular 

stratification, relatively thin layers, small clasts, and advanced stages of 

decomposition of the constituents. Carbonate cementation is well developed in this 

formation, as compared to other younger units, resulting in higher relative mechanical 

competency. Based on the geological investigation in this study, theses layers are 

completely compacted / stiffed.

The clastics are almost totally composed of pyroclastic material and volcanic rocks of 

the Eocene age, derived from the northern highlands. Average grain size of the 

clastics is in gravel range (10-25 cm). Color is light gray and has a chalky appearance. 

Thickness is estimated to be about 1200 m. Relatively extensive cementation, high 

compaction, and presence of fine grained matrix renders the A fm. as an impermeable 

rock unit, as compared to other alluvial deposits of the Tehran region. According to 

stratigraphic correlation with other parts of the Iranian plateau, the A fm. is 

considered to be of the Pliocene-Pleistocene age. The A fm. in the northeast and east 

of Tehran rests over the Upper Red fm. (Miocene). However, in a few places south of 

the Tehran plains, it overlies the volcanic rocks of Eocene age. Gradational contacts 

of the A fm. over the marl and mudstone of Upper Red fm. is reported in the east of 

the Tehran region.

The A fm. was folded and faulted during the earliest tectonic movements of 

Quaternary time, resulting in unconformable contacts of the B fm. with younger 

Quaternary deposits. The resulting high dip (up to 90° in some places) is, therefore, a 

diagnostic feature for the A fm.
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(3) B formation

This formation was first named and described by Rieben (1966) as Kahrizak fm. The

formation is divided into a northern facies and a southern facies.

a. Bn formation (North Tehran inhomogenous alluvial fm.)

The Bn fm. unconformably overlies on the eroded surfaces of the A fm. and forms old

alluvial fan topographic units in the north of the city of Tehran. Thickness of the Bn
fm. is estimated at about 60 m. The Bn fm. is a conglomeratic mixture of gravel, 

pebble, and cobble-size clastics, which include a silt and sand size matrix. Therefore,

the Bn fm. is an inhomogeneous unit with poor sorting. The diameter of some 

boulders in the Bn fm. reaches about 4.6 m. In many places, the conglomerate is of 

matrix supported type, which lacks any stratification. Cementation is poorly 

developed in the Bn fm., but it is mostly compact/stiff layer. Color is reddish and 

yellowish brown, which makes the Bn fm. darker than the underlying A fm. Several 

lenses of silt and sand in this formation appear to be of channel origin that are cut and 

filled by these deposits. In many places, a soft black and yellow cover, which is, 

respectively, of magnesium and iron oxide composition, is present on pebbles within 

the formation. Permeability of the Bn fm. is very good.

Thickness of the Bn fm. decreases towards the south, and its outcrops are limited from 

the south to the 35°43' latitude. It is suggested that the Bn fm. was deposited within 

alluvial fans formed by a series of outwash flows of glaciers from the Alborz Range. 

Presence of large blocks of clastics supports the concept of this formation's a 

glaciofluvial origin.

The Bn fm. is considered to be of Pleistocene age. The Bn fm. is faulted in many 

places, however, it is not affected by any major folding event; therefore, bedding is 

generally horizontal with a maximum dip of 15°.

b. Bs formation (South Tehran clayey silt or Kahrizak fm.)

The Bs fm. is widely distributed under the topographical plain unit. Outcrops of the Bs
fm, which are exposed as a result of faulting, form the badland scenery in the southern 

parts of the Tehran plain. However, the soil condition of this area is not so strongly 

consolidated, and, from the engineering geotechnical point of view, these outcrops 

may belong to the C formation.
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The Bs fm. is composed of reddish brown-, cream- and beige-colored silt with some 

clayey component. Small calcareous nodules are scattered within this formation in 

many places. Composition of the Bs fm. is much more homogenous, as compared to 

the Bn fm. in the north; however, no sharp stratification is present within it. The Bs
fm. is considered as the southern equivalent of the Bn fm. that was presumably 

deposited within an old lake basin. The northern and eastern part (i.e., nearer to the 

mountain area) of this deposit is composed of coarser material (sand rich material) 

and it is relatively compact/stiff layer. The south-western part of this layer is 

composed of homogeneous, fine material (clay rich material) and it is relatively low

compact/stiff layer. These clay rich deposits are considered as overconsolidated and 

cemented.

The Bn fm. is mostly compact/stiff layer. However, soft clay lenses can be found in 

some parts. The lower contact of the Bs fm. is not exposed; however, it is postulated 

that it overlies the A fm. and the bedrock (Eocene volcanic rocks). Thickness of the Bs
fm. is uncertain, but it is possibly much thinner than its northern equivalent, the Bn
fm. In this Study, three boreholes were drilled to depth of 200m in the southern area. 

However, no lower contact of the Bs fm was found in this investigation. Faulting has 

affected the Bs fm. in many places; however, it lays horizontal without any tilting.

(4) C formation (Tehran alluvial fm.)

The C fm. includes conglomeratic young alluvial fan deposits. Lithology of the 

formation includes homogenous conglomerates, composed of gray to brown coloured 

gravel and pebble size clastics, which have a silt and sand size matrix. Color of the C 

fm. becomes red to reddish brown in the eastern Tehran region because of a difference 

in rock type of the source area (Sepayeh Mountains). The stratification within the C 

fm. is better than within the B fm., but less developed than within the A fm. Among 

the old alluvial fans, where this formation was deposited, the old fan of the Kan River 

(western Tehran) is still visible in aerial photographs. The Karaj Fan, which is now 

covered with the D2 unit, is also composed of the C fm. The extreme southern 

outcrops of this formation are limited to the 35°39' latitude. A considerable part of 

Tehran is constructed over the C fm. The maximum thickness of this formation is 

estimated at be about 60 m. Several (up to 4) major depositional cycles may be 

defined within the C fm. These cycles are easily recognized by a change in the color
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from gray to white into brownish red (bottom to top). The white and red colorings are 

attributed to the presence of caliche and iron oxide, respectively.

Cross bedding is present in few places within the middle part of the C fm. Age of the 

C fm. is estimated to be between 50,000 and 10,000 years (late Pleistocene). The C 

fm. is more competent as compared to its underlying and overlying stratigraphic units

(B and C formations, respectively). This phenomenon is a result of the relatively 

higher cementation and compaction of this stratigraphic unit. However, permeability 

of the C fm. is high so that it constitutes the major aquifer of the northern Tehran 

region.

Minor faulting is present within the C fm.; however, no tilting is visible in this 

formation. Compaction/stiffness grade of the C fm. is slightly lower than that of the A 

and B fm. but mostly can be categorized as compact/stiff layer.

(5) D formation (Recent Alluvium)

The D fm. is the youngest stratigraphic unit within the Tehran region and is present as

alluvial and fluvial deposits. In this study, the D fm. is subdivided into two different

stratigraphic units, named D1 and D2 units.

a. D1 unit (Khoramabad alluvial fm.)

The D1 unit, as a veneer, covers the Bs fm. in the south and forms a topographic plain 

unit. This unit is composed of fine silt with a grayish cream and gray color, and is 

sandy and pebbly in places. Basically, sandy material is richer in the northern and 

eastern parts of the plain. Fine material, such as silt and clay, is predominant in the 

south-western part of the plain. No sharp stratification is present within the D1 unit. 

The D1 unit is considered to be both the distal facies and slightly older equivalent of 

the D2 unit in the northern Tehran region. Age of the D1 unit is considered to be 

younger than 4000 years (Holocene).

b. D2 unit

The D2 unit is composed of poorly consolidated to unconsolidated gravel- and 

pebble-sized calstics, which have a silt and sand size matrix. The color is gray to dark 

gray. This unit has an alluvial and fluvial origin, similar to the C fm.; however, the 

lack of cementation, lesser compaction, and lack of caliche and iron oxide may easily 

distinguish it from the latter. Competency of this unit is lower than that of the C fm. 



The young, active alluvial fans and

composed of the D2 unit

Figure 4-10 Tehran district

Figure 4-11 General section of alluvial deposits in Tehran (Reiben, 

1966:Report No.9)

The young, active alluvial fans and flood plains in the northern Tehran region are 

 unit.

Tehran district 1, geology formation and faults location (JICA

General section of alluvial deposits in Tehran (Reiben, 
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flood plains in the northern Tehran region are 

JICA, 2000:24)

General section of alluvial deposits in Tehran (Reiben, 
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4.4.1 Ground water (JICA, 2000)

There are clear seasonal changes in the groundwater levels. The highest level is observed in

February, and the lowest level is observed from August to September.

The depth of the ground water varies from place to place. However, it is clear that the typical

Ground water level depends on the topography and geology. The typical groundwater level 

for each unit can be summarized in Table 4-1. 

Table 4-1 Groundwater Level for Each Topographical Unit

Topographical Unit Eastern Study Area Western Study Area

Hill, old fan Deeper than GL-100m Deeper than GL-50m

Young fan GL-50 to -100m -

Alluvial Plain GL-5 to -20m GL-20 to -50m

As shown in the above table, the groundwater table in hills, old fans and younger fans is very 

low. Further, the groundwater level in the western part of the alluvial plain is relatively low. 

However, the groundwater level in the eastern part is relatively high, around GL-5 to 20m. 

Based on above mentioned studies, ground water level in studied area is deeper than 50m 

because of locating on hill / old fan.

4.5 Climatology of Tehran

Disaster risk management can be affected by weather condition, summarized of Tehran 

annually precipitation and thermal condition are as follows:
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Figure 4-12 Tehran annually precipitation and thermal condition 
(Reference: http://www.tehran.climatemps.com/)

4.6 Building typology

Buildings are classified into four categories according to structural type 

1) Steel including steel frame and semi frame (load bearing walls in combination with steel 

beams in roof, 

2) RC; reinforced concrete frames and reinforced masonry buildings

3) Others load bearing systems such as masonry load bearing walls without reinforcing beams

4) Without lateral load bearing systems including adobe buildings

Based on performed survey there are a few buildings in 4th group and other ones categorized 

in two groups in figure 4-13. 
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Figure 4 -13 Building structure in studied area (Author, 2012)
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Table 4-2 Building Typology ,Structural type. (Author,2012)

Structural type No. of buildings Percent

RC; Reinforced Concrete or

Steel frame

146 45%

Others 174 55%

Figure 4-14: Two types of structure; concrete & steel frame , (Author, 2011)

4.7 Building characters (quality, age, density, no. of stories)

4.7.1 Building Quality

Most of newly constructed buildings are designed based on current codes and 

standards and it is expected to be safe in design earthquake condition. Some of 

Reinforced masonry buildings also can tolerate earthquake load if they were 

constructed based on mentioned provisions for seismic design of such buildings on 

standard no. 2800.

By considering above mentioned descriptions, building quality categorized in four 

groups, newly constructed and utilizable which are safe encountering earthquake. 
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Third group that is entitled "Shall be renovated" are vulnerable against earthquake. In 

addition there are some few places without any construction as it can be observed in 

following table.

Table 4-3 Building quality in studied area (Author,2012)

Building quality No. of buildings Percent

Newly constructed 57 18%

Utilizable 159 50%

Shall be renovated 98 30%

Unutilized 6 2%

Sum 320 100%
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Figure 4 -15 Building quality on studied area (Author,2012)
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4.7.2 Building Age

There is a meaningful relation between building age and building quality (earthquake 

resistant). 

Before 1980 applied structural systems such as load bearing walls and Khorjini 

connection were not enough rigid against lateral loads but steel and concrete frame 

with rigid connection or vertical bracings as described in chapter 2 can resist 

earthquake load.

Newly constructed Buildings are mostly considered as 1 to 10 years old and 

unutilized part of Mahala is the parts with no building (i.e. unoccupied).

Table 4-4 Building age in studied area (Author,2012)

Building age No. of buildings Percent

1 to 10 years 57 18%

10 to 30 years 137 43%

More than 30 years 120 37%

Unutilized 6 2%

Sum 320 100%

According to the book “Tehran – The Jewel on the Silk Road” (Taher Art & Cultural 

Institute, 1999), buildings in the older parts of Tehran (Districts 10, 11, 12, and their 

surrounding areas) were built before the 1950’s. Moreover, the old urbanized area 

called “Old Tehran” is said to have been built up before 1891.
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Figure 4 -16 Building age on studied area (Author,2012)
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4.7.3 Building Density

Building density is defined as concentration (amount) of buildings in a given 

geographic area. A measure of the amount of floor space available for occupation in a 

development expressed in the area of land on which it is built.

The higher the density of development the more efficient the use of land and there the 

more sustainable will be design and construction solutions.

By considering 3m height for each floor and using building density, overall height of 

buildings can be estimated. This is used to calculate building height to adjacent road 

width ratio. In addition the more building height the more inhabitants exist, this will 

increase building importance factor. 

Buildings are categorized in four groups based on its density;

1- Density 0.0 to 120 percent

2- Density 120 to 180 percent

3- Density 180 to 240 percent

4- Density more than 240 percent

According to existing rule of urban planning in Tehran, normally 60% of land can be 

constructed in residential parts, it means 120% density is equal to two floors and 

180% density is refer to three floors. Also it should be considered that there are some 

buildings which are occupied whole area or vice versa.

Studies shows west part of the area has lower density and south east has the highest 

density.
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Figure 4 -17 Building density on studied area (Author,2012)
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Figure 4 -18 Number of Building stories on studied area (Author,2012)
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Figure 4 -19 Building area (Author,2012)
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Figure 4 -20 3D view of studied area (Author,2012)
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4.8 Land use and Important building application (School, Fire fighting, hospital 

and …) 

Most of land use in studied area is residential and there are some other service area such 

as one primary school, one mosque, some shops including tailoring, barber shop, 

maintenance shop, real state, dress shop and building construction material shopping 

center. These shopping centers are not adequate for all inhabitant on the other hand most 

of commercial areas are concentrated on north side and it is hard to access for specially in 

winter because of area steep.

There are two public parking lot in main squares, Shenasa square and Noor square.

Figure 4-21 Parking lot in studied area, view A & B; Noor square and view C; shenasa square (Author,2011)

There is no any sport complex, cultural center or clinic. In addition, public urban spaces 

and green area per head is less than standard amounts.
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Figure 4 -22 Land use on studied area (Author,2012)
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4.9 Urban Facilities (JICA, 2010:61 to 64)

In JICA study, wide ranges of data for urban facilities were collected. Those data 

consist of:

1) Facility Name, Address and Function

2) Size of land, building

3) Structural type and age of building

The list of the urban facilities for JICA Study was as follows:

1) Fire Fighting Stations 2) Police Stations

3) Traffic Police Stations 4) Hospitals

5) Governmental Facilities 6) Parks and Public Open Spaces

7) Educational Facilities including Elementary, Intermediate, High Schools and 

Higher Education Centers (Universities)

In order to strengthen the disaster response capacities of studied area, such 

information can be extremely useful in making decisions related to locations of new 

facilities in order to improve their function. Also, when an earthquake occurs, having 

lists and knowing the locations of these facilities can minimize or prevent damage 

from a serious disaster.

Maps of the locations of these facilities were prepared by JICA team as follows.

Table 4-5 Existing facilities in district1 (JICA, 2010:62)

Facility Name Number Near to the Area

Fire fighting station 1 -

Police station 13 1

Hospital 19 2

Governmental facilities (banks, museums, workshops, etc) 12 1

Elementary school 69 3

Intermediate school 34 1

High school 45 -

Higher education center 17 1

Park and public open space 18 -



Fire fighting

Hospital

Elementary school

High school

Park and public space

Figure 4-23 Urban Facilities

Police station

Governmental facilities

Intermediate school

Higher education cen.

Urban Facilities in district 1 (JICA, 2010: 65 to 74)
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4.10 Access road study (Tung P., 2004)

"A road system is a highly valuable asset of a city and a road network plays a vital 

role in emergency operations. Thus, research about road vulnerability is crucial. 

Therefore it is tried to determine factors that influence the vulnerability of the road 

system and identifying practical requirements of end users, including people living in 

an earthquake prone areas, local authorities, and urban planners.

An earthquake may harm road in various levels, ranging from minor cracks on the top 

surface to completely ruptured road structure. Along with crazing, long cracks also 

can be seen. Swallow pot holes also appeared, which caused by settlement of 

embarkation. These minor damages might not directly affect the function of the road, 

but indirectly degrade the road quality in a long term period. This damage requires

slight maintaining activities.

More seriously, an earthquake also severely defect the structure of road. Damage can 

be easily seen with big longitudinal cracks and rupture along the curb. The width of 

the crack may range from few inches to one foot. The reason is the sub-base layers 

and embarkation on the road side is not strong enough. This place is close to the aside 

natural ground, so the sub-bases layer slides to the right hand side when ground was 

vibrating during earthquake. The concrete island nearby also was broken, caused by 

the settlement of sub-base layers below.

There is also sometimes whole road section structure collapsed, so the road segment is 

completely malfunctioned, requiring to repair thoroughly or re-construct.

The damages to road, that was mentioned above, are physical damages, more or less 

affects road function in different extents. There are also other types of effect that 

affect the road functionality, cause by induced hazard like landslide, tsunami or by 

debris felt onto the road surface.

There is another type of road blockage, happening in urban areas. Debris of other 

collapsed elements along the roads (house, electric post etc) falls down onto the road. 

Similar to landslide, the road structure is not severely harmed, but only slight damage 

of road surface can be seen. The road was un-passable for vehicles. The road is not 

only physically damaged, but also functionally damaged by other ruined types of 

infrastructure elements.

In addition, vulnerability assessment of transportation infrastructure (TI) is so 

important, because of three reasons:
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• TI plays a crucial role in ensuring normal traffic circulation

• Since TI is spatially characteristic, TI vulnerability does not depend on itself but also 

on other types of infrastructure that spatially relative to TI: the TI vulnerability is 

spatially interactive and difficult to predict.

• TI is valuable asset and investment in TI requires a huge amount of money from 

society. The vulnerability assessment helps to reduce the risk of TI damages.

Damage to the bridge seems to give more attention to public than compared to the 

road. The collapsed bridge may also cause the loss of lives (travelling cars fall down 

or get accidents etc ... when the bridges were collapsing). Once the bridge is damaged, 

it requires repairing activities intermediately, since the bridge usually play an 

important role in a road network (especially to over river bridges). The types of 

damages to bridge are more various than compared to road: damage to pier, 

foundation, connection joints, surface etc ... The damage level may also range from 

slight to extensive extent, or even full collapse." (Tung, P, 2004: 1 to 4)

Figure 4-24 Road blockage in Kobe earthquake 1995

(Reference: http://wildrocketsledgeride.com)

Two types of categorization were performed in studied area:

1. Access roads are divided to walkways means there is no access for vehicles 

and other roads in which vehicle transportation is possible.

2. Categorization based on width of access road
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Figure 4 -25 Access roads on studied area (Author,2012)
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Figure 4 -26 Access roads categorization based on its width on studied area (Author,2012)
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4.11 Existing facilities and urban services

According to JICA report (JICA, 2010: 75); "in relation to lifeline facilities and 

networks, at the time of earthquake, two kinds of damage to the citizen’s life and the 

city itself can be considered. One is no access to lifelines for ordinary daily use (e.g., 

no access to drinking water, electricity, gas and telecommunications) due to damaged 

lifeline facilities and networks, in general. The other is that, due to damaged lifeline 

facilities and networks, occurrence of secondary disasters (e.g., fires, electric shock,

explosions, etc.) may take place. For these reasons, lifeline management agencies 

have to establish disaster management systems to minimize the damage in the event 

of an earthquake."

In the JICA report, a wide-range of data has been gathered from lifeline-related 

agencies and companies (water, gas, electricity, telecommunication). Since the 

comprehensive database set-up initiated by the Study is the first of its kind in Tehran, 

a lack of quality and missing data can be observed. However, basic data, including 

information on the systems' main networks, were set up. In the report, these 

preliminary data can be seen on the maps of each lifeline system.

Since May 1999, the Study Team has collected lifeline data. Details of data collection 

for lifelines are shown in following maps.

"In general, all lifeline agencies somehow relate each other. For example, if the 

telecommunication company does not have a self-generated system, and if the electric 

company cannot supply electricity, all the telecommunication systems will be non-

operational. This problem can be applied to the water and gas companies as well". 

(JICA, 2010; 75)

4.11.1 Waterworks

"Water resources are used for drinking water, washing, and sanitation, as well as for 

firefighting activities. Service water, which is supplied by a multitude of dam 

facilities, is well developed by circuiting the entire Tehran area with both a main 

network and distribution network. Therefore, it can be considered that the Tehran 

Water Network has a strong structure against disaster. However, to secure the supply 

for citizens, it is necessary to reconstruct the pipes, which may be vulnerable against 

damage. In the data collection process, it was found that for the damage analysis of 

the water distribution network; detailed information for the pipeline network 



(including type, material, diameter of

information on the material of joints used in the

more accurate analysis. However, only a main network

purification plants, reservoirs, and valves were prepared by the Tehran

Sewage Co. Only information on pipe length was available for

classification of material. Therefore, a very limited analysis could be

the data received. In the future, necessary data should be prepared in order

the actual situation of the water network based on GIS

Generally there are 7 firefighting valve in studied area

compatible with population de

so many problems during firefighting process.

Figure 4-27 Existing facilities

4.11.2 Natural Gas

"Tehran's natural gas network is considered to be vulnerable, 

shutting processes of gas valves is manually operated (by hand) in different 

jurisdictions by representatives of the National Iranian Gas Co. The natural gas 

network in Tehran is an

of Tehran, but it is also a

disasters such as fires,

facilities to automatically

The National Iranian Gas Co.

agencies. However, this data does

joints." (JICA, 2010 : 76

ding type, material, diameter of pipe, etc.) was not available. Furthermore, 

information on the material of joints used in the network must be prepared to ensure 

accurate analysis. However, only a main network map with locations of 

ts, reservoirs, and valves were prepared by the Tehran

nly information on pipe length was available for Tehran, without any 

classification of material. Therefore, a very limited analysis could be

the future, necessary data should be prepared in order

the actual situation of the water network based on GIS." (JICA, 2010

 firefighting valve in studied area which its distribution is not 

compatible with population density on the other hand narrow access roads will cause 

so many problems during firefighting process.

Existing facilities in district 1 – Water (JICA 2010:78)

Natural Gas

Tehran's natural gas network is considered to be vulnerable, since the opening and 

processes of gas valves is manually operated (by hand) in different 

representatives of the National Iranian Gas Co. The natural gas 

network in Tehran is an indispensable lifeline resource, providing heat for 

of Tehran, but it is also a dangerous resource, with a high potential to cause secondary 

disasters such as fires, explosions, etc. Therefore, it is urgently necessary to establish 

facilities to automatically control operating valves in coordination with seismographs. 

The National Iranian Gas Co. prepared rather detailed data, compared to other lifeline 

agencies. However, this data does not include information on the material of network 

76)
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pipe, etc.) was not available. Furthermore, 

network must be prepared to ensure a 

map with locations of 

ts, reservoirs, and valves were prepared by the Tehran Water and 

Tehran, without any 

classification of material. Therefore, a very limited analysis could be undertaken from 

the future, necessary data should be prepared in order to assess 

2010: 76)

which its distribution is not 

nsity on the other hand narrow access roads will cause 

since the opening and 

processes of gas valves is manually operated (by hand) in different 

representatives of the National Iranian Gas Co. The natural gas 

indispensable lifeline resource, providing heat for the citizens 

dangerous resource, with a high potential to cause secondary 

explosions, etc. Therefore, it is urgently necessary to establish 

ation with seismographs. 

prepared rather detailed data, compared to other lifeline 

not include information on the material of network 



Figure 4-28 Existing faciliti

4.11.3 Electricity

"The electric power supply network of Tehran has a rather strong network system, 

except for the distribution lines to the very last distributing destinations. These lines 

are aerial, and half of th

lines are directly varied

recovery efforts for these lines

aerial lines, in general.

Tehran's Power Generation and Transmission 

power supply facilities 

is shown in following Figure.

Figure 4-29 Existing facilities in d

4.11.4 Telecommunications

"From past earthquake experience, the mobile telephone network was seriously 

focused on as an important infrastructure to facilitate communication at the time of a 

disaster. The ability for

minimize the damage due to an

Existing facilities in district 1 – Gas (JICA 2010:79)

Electricity

The electric power supply network of Tehran has a rather strong network system, 

the distribution lines to the very last distributing destinations. These lines 

of the cables are varied underground. On the other hand, many 

lines are directly varied without any ditches or boxes, and, at the time of a disaster, 

recovery efforts for these lines will take longer and will be more costly compared with 

l.

Generation and Transmission Co. is currently strengthen 

power supply facilities structurally. The high voltage electric power supply network 

following Figure. "(JICA, 2010 : 76)

Existing facilities in district 1 – Electricity (JICA 2010:80

Telecommunications

From past earthquake experience, the mobile telephone network was seriously 

an important infrastructure to facilitate communication at the time of a 

for city agencies and systems to effectively communicate can 

minimize the damage due to an earthquake. Compared to other countries, Tehran's 
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The electric power supply network of Tehran has a rather strong network system, 

the distribution lines to the very last distributing destinations. These lines 

e cables are varied underground. On the other hand, many 

without any ditches or boxes, and, at the time of a disaster, 

will take longer and will be more costly compared with 

currently strengthen electric

The high voltage electric power supply network 

80)

From past earthquake experience, the mobile telephone network was seriously 

an important infrastructure to facilitate communication at the time of a 

city agencies and systems to effectively communicate can 

earthquake. Compared to other countries, Tehran's 



mobile telephone network is rather lagged

period to a strengthened telecom

Laying underground telephone network cables is progressing in Iran. However, 

similar to the electric power network, at the time of a disaster, recovery efforts may 

take longer and be more costly since it will be necessary to find the l

damaged underground lines.

The main telecommunications network is shown on 

Figure 4-30 Existing facilities in district 

4.12 Population and density distribution

According to the 2011

districts is About 8.3 million persons

city of Tehran is 110

person/ ha and the studied area

district (see Figure 4-31

As it was mentioned studied area is one of four Mahala of neighborhood 

1, some of main population specifications of this ne

Total area of this neighborhood is about 

this area consist of mostly residential and other related local service applications. 

Neighborhood 3 is consists of four mahalas

Darband, Jafarabad, Nakhjavan in which our studied area located in Emamzedeh 

Qasim and Darband Mahala has the most population density 

per hectare.

mobile telephone network is rather lagged behind. Iran is experiencing a transitional 

period to a strengthened telecommunications network.

Laying underground telephone network cables is progressing in Iran. However, 

electric power network, at the time of a disaster, recovery efforts may 

more costly since it will be necessary to find the l

damaged underground lines. "(JICA, 2010: 76)

The main telecommunications network is shown on following Figure

Existing facilities in district 1 – Telecommunications (JICA 

Population and density distribution

2011 population census, the total population of Tehran for its 

 million persons. The average population density of the entire 

110 persons per hectare. The average density of District 

the studied area has one of the highest population density values

31). 

As it was mentioned studied area is one of four Mahala of neighborhood 

some of main population specifications of this neighborhood are

of this neighborhood is about 452 hectare and population of 

this area consist of mostly residential and other related local service applications. 

 is consists of four mahalas; Saadabad, Emamzedeh Qasim a

abad, Nakhjavan in which our studied area located in Emamzedeh 

Qasim and Darband Mahala has the most population density more than 
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behind. Iran is experiencing a transitional 

Laying underground telephone network cables is progressing in Iran. However, 

electric power network, at the time of a disaster, recovery efforts may 

more costly since it will be necessary to find the location of 

Figure.

JICA 2010:81)

the total population of Tehran for its 22

The average population density of the entire 

The average density of District 1 is 85

the highest population density values in this 

As it was mentioned studied area is one of four Mahala of neighborhood 3 in district 

as follows

 hectare and population of 74000 persons. 

this area consist of mostly residential and other related local service applications. 

mzedeh Qasim and 

abad, Nakhjavan in which our studied area located in Emamzedeh 

more than 250 persons 
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This Mahala can be divided to two parts; Northern part including Emamzadeh Qasim, 

Darband and Abak which has more population and building density and southern part

which has less population density but more irregularity in urban construction.

Table 4-6 Population growth and density in neighborhood three of district one (Author, 

2011)

Neighborhood Mahala Population 

in 2011

Area 

(ha)

Population 

Density 

2011

No. 3 Saadabad 7420 123.2 60.2

Emamzadeh 

Qasim and 

Darband

26104 100.4 260

Jafar abad 17077 82.9 206

Nakhjavan 23344 145.9 160

Total 73945 452.4 163
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Figure 4 -31 Population density on studied area (Author,2012)
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CHAPTER 5: METHODOLOGY, ANALYSIS AND DISCUSSION 

Method of indicators weighting and indices ranking is selected for information 

analysis that was introduced in previous chapter. This method increases the precision 

of results, moreover it would be possible to classify vulnerability of various parts of 

the site to offer same solutions and priority of required rehabilitation in a time 

schedules.

For this purpose site access roads are considered as primary vulnerability indicators. 

For weighting and ranking, various parts of site have been examined, by using

building and access vulnerability indices and their specifications.

5.1 Physical vulnerability analysis of area according to indicators of proposed 

model (A1-A7) 

5.1.1 Population Density-Indicator A1

According to zonation on population density, more density per area unit will cause 

more vulnerability, access blockage may increase and rescue action will be delayed 

thus one of the most effective weighting parameters is average population density 

adjacent to the access road. As a result following categorization is considered;

Category 1: population density less than 250 persons per hectare, unit weight=1 

Category 2: population density between 251 to 750 persons per hectare, unit weight=3 

Category 3: population density more than 751 persons per hectare, unit weight=5 

According to above categorization, access roads vulnerability is determined and 
illustrated on figure 5-1 and table 5-3. Access road vulnerability is categorized based 
on total weight and is ranked as follows:

• Access road with moderate vulnerability, total weight equal or greater than 
one

• Access road with high vulnerability, total weight equal or greater than three

Based on above mentioned criteria relationship between population density and access 
road vulnerability is determined.
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Figure 5 -1 Access vulnerability based on population density (Author,2012)
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5.1.2 Building Density- Indicator A2

There is a direct relation between building density and vulnerability. It means the 

more dense building causes more vulnerability, therefore, at first, average density of 

building in each area is determined and then unit weight is assigned to adjacent access 

road based on the density, it will be increased with increasing in building density 

accordingly;

Category 1: Building density between zero to 149 percent, unit weigh =1 

Category 2: Building density between 150 to 199 percent, unit weigh =2 

Category 3: Building density between 200 to 244 percent, unit weigh =3 

Category 4: Building density greater than 250 percent, unit weigh = 4

According to above categorization, access road vulnerability is determined and 

illustrated on Figure 5-2 and table 5-3. Access road vulnerability is categorized based 

on total weigh and is ranked as follows:

• Access road with low vulnerability, total weight equal or greater than 1

• Access road with moderate vulnerability, total weight equal or greater than 2

• Access road with high vulnerability, total weight equal or greater than 3

Consequently access vulnerability according to building density is determined.
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Figure 5 -2 Access vulnerability based on building density (Author,2012)
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5.1.3 Road slope Indicator A3

Slope of access roads can be considered as an effective parameter in quality of 

emergency services. Sloped roads are hard to access and causes increase in damage 

and blockage probability, according to surveying plan, the study area has generally 

steep slope thus:

Category 1: access roads with less than 10% slope, unit weight = 1

Category 2: access roads with more than 10% slope up to 20%, unit weight = 2

Category 3: access roads with more than 20% slope up to 40%, unit weight = 3

Category 4: access roads with more than 40% slope, unit weight = 4

All categories 1 to 4 are considered as driving access road but,

Category 5: pedestrian access which are mostly in stair case form and not accessible 
for car, unit weight = 5

According to above categorization, access roads vulnerability is determined and 

illustrated on Figure 5-3 and table 5-3. Access road vulnerability is categorized based 

on total weight and is ranked as below:

• Access road with low vulnerability, total weight equal or greater than 1

• Access road with moderate vulnerability, total weight equal or greater than 2

• Access road with high vulnerability, total weight equal or greater than 4

Based on above mentioned criteria relationship between population density and access 

road vulnerability is determined.



10
7
| P

a
g
e

Figure 5 -3 Access vulnerability based on slope (Author,2012)
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5.1.4 Access road length to width ratio-Indicator A4

Long access roads are hard to access in emergency conditions. In addition possibility 

of blockage will be increased, thus ratio of access road length (L) to access road width

(W), distance between building elevation across the road, is calculated and unit 

weights are considered as follows:

Category 1: access roads with L/W equal or less than 5, unit weight = 1

Category 2: access roads with L/W greater than 5 up to 10, unit weight = 2

Category 3: access roads with L/W greater than 10 up to 15, unit weight = 3

Category 4: access roads with L/W greater than 15 up to 20, unit weight = 4

Category 5: access roads with L/W greater than 20 up to 25, unit weight = 5

Category 6: access roads with L/W greater than 25, unit weight = 6

According to above categorization, access roads vulnerability is determined and 

illustrated on Figure 5-4 and table 5-3. Access road vulnerability is categorized based 

on total weight and is ranked as below:

• Access road with low vulnerability, total weight equal or greater than 1

• Access road with moderate vulnerability, total weight equal or greater than 3

• Access road with high vulnerability, total weight equal or greater than 5

Based on above mentioned criteria relationship between L/W ratio and access road 

vulnerability is determined.
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Figure 5 -4 Access vulnerability based on access road length to width ratio (Author,2012)
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5.1.5 Access road width (W) to adjacent building height (H) ratio, Indicator 
A5 

By increasing in this ratio, emergency service quality will be increased because the 

risk of blockage caused by destroyed building will be decreased. 

It should be noted for calculating this ratio, average width of the road and average 

height of adjacent building is considered, categorization is based on following 

assumption:

Category 1: access road width to adjacent building height ratio is equal or less than 

0.5, unit weight = 5

Category 2: access road width to adjacent building height ratio is greater than 0.5 and 

less than 1, unit weight = 4

Category 3: access road width to adjacent building height ratio is greater than 1 and 

less than 2, unit weight = 3

Category 4: access road width to adjacent building height ratio is greater than 2 and 

less than 4, unit weight = 2

Category 5: access road width to adjacent building height ratio is greater than 4, unit 

weight = 1

According to above categorization, access roads vulnerability is determined and 

illustrated on Figure 5-5 and table 5-3. Access roads vulnerability is categorized based 

on total weight and is ranked as below:

• Access road with low vulnerability, total weight equal or greater than one

• Access road with moderate vulnerability, total weight equal or greater than 

three

• Access road with high vulnerability, total weight equal or greater than four

Based on above mentioned criteria relationship between W/H ratio and access road 

vulnerability is determined.
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Figure 5 -5 Access vulnerability based on access road width (W) to adjacent building height (H) ratio (Author,2012)
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5.1.6 Effect of physical and structural condition of building on vulnerability 
condition

During earthquake building envelopes are subject to be destroyed and access road 

blockage may happens due to the produced debris. Indicator A6 is extracted through 

two factors as follows:

5.1.6.1 Building quality

Older and lower in construction and material quality causes more vulnerability and 

consequently will increase probability of road blockage and progressive collapse. 

According to average building quality in each access road, following weighting 

categories are distinguished:

Category 1: Engineered newly constructed building; unit weight = 1

Category 2: Utilizable building; unit weight = 3

Category 1: Shall be renovated or unutilizable building; unit weight = 5

5.1.6.2 Structural load bearing system

According to standard no.2800 as a seismic design reference in Iran three main 

categories can be distinguished in studied area. For each access road, average building 

structure is considered to assign proper weight factor:

Category 1: Material of load bearing system is steel; unit weight = 1

Category 2: Material of load bearing system is reinforced concrete; unit weight = 1

Category 3: Building with masonry load bearing walls; unit weight = 3

Category 4: Building without approved load bearing system (BM); unit weight = 5

Seismic behavior of building with steel and reinforced concrete are quite similar 

therefore, similar unit weight is considered for both cases. In addition there are some 

old structural load bearing systems such as semi-rigid steel frame with khorjini 

connections which is not used any more but have acceptable seismic resistance. In this 

case unit weight of two is considered.
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According to above categorization, access roads vulnerability is determined and 

illustrated on Figure 5-6 and table 5-3. Access roads vulnerability is categorized based 

on total weight and is ranked as follows:

• Access road with low vulnerability, total weight equal or greater than one

• Access road with moderate vulnerability, total weight equal or greater than 

three

• Access road with high vulnerability, total weight equal or greater than four

Based on above mentioned criteria relationship between physical and structural 

building specification and access roads vulnerability is determined.
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Figure 5 -6 Access vulnerability based on building quality (Author,2012)
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5.1.7 Access roads importance- Indicator A7

Access road importance shall be determined based on their role during emergency and 

rescue services thus direct and main roads would be much more important than 

narrow and closed ones, it would be very important to keep main roads free of any 

debris and blockage otherwise it would be hard or even impossible to rescue buried 

people under building debris and it definitely increases death caused by earthquake.

In addition number of intersections and open area which can be used as emergency 

first aid area or temporary dispensary or residential area are as important as access 

road width and combined factor of mentioned parameters shall be considered to 

determine proper unit weight.

5.1.7.1 Categorization based on related network

Some of access roads have so many branches thus a huge amount of traffic gathered 
and distributed through such access roads and some other has a limited branches and 
there is a light traffic even in rush hour. Such accesses normally do not have a true 
circulation. Based on these criteria access roads are categorized as follows:

Category 1: access road with a few or no branch, unit weight = 0

Category 2: access roads with few branches in a limited part of studied area, unit 

weight = 1

Category 3: access roads which has some branches with a true circulation in studied 

area, unit weight = 2

Category 4: main access roads which connect studied area to other neighborhoods, 

unit weight = 3

5.1.7.2 Access road type

In addition to access road network and number of connections, access road type is 

also important in traffic flow, for example blockage in a closed end access road will 

cause delay in emergency service to building located in that road only, however 

blockage in a main road may stopped rescue service for total neighborhood. 

According to these criteria access roads are categorized as follows:
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Category 1: closed end access roads and byroads, unit weight = 1

Category 2: secondary access roads which are connected to secondary main access 

roads directly, unit weight = 2

Category 3: secondary main access roads which are connected to main access roads 

directly, unit weight = 3

Category 4: main access roads which connect adjacent neighborhoods and districts, 

unit weight = 4

5.1.7.3 Average number of intersections

More intersections and access to a road facilitate emergency and rescue services and 

reduce possibility of blockage. According to this criteria, unit weight will be 

decreased by increasing in number of intersections to a access road as 

below,(Attention should be paid: Increase in unit weight means increase in risk of 

delay in emergency services and vulnerability of the road):

Category 1: access road with one or no intersection (close end), unit weight = 3

Category 2: access roads with two to four intersections, unit weight = 2

Category 1: access roads with more than four intersections, unit weight = 1

5.1.7.4 Open area in neighborhood

Open areas play an important role in crisis management. As it was mentioned 

previously they can be temporary residential area or safe area away from thrown 

debris or emergency first aid area such as a dispensary, squares, parking lots, 

unutilized lands are examples of open areas. By increasing in availability of open 

areas, vulnerability and related risk and unit weights as well would be reduced:

Category 1: there is no open area available near to access road, unit weight = 3

Category 2: there is only one open area at the beginning or end of the access road, unit 

weight = 2

Category 3: there are more than one open area along or at ends of access road, unit 

weight = 1
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According to above categorization, access roads vulnerability is determined based on 

combination of mentioned criteria and illustrated on Figure 5-7 and table 5-3. Access 

roads vulnerability is categorized based on total weight and is ranked as below:

• Low important access roads, total weight equal or greater than one

• Moderate important access roads, total weight equal or greater than two

• High important access roads, total weight equal or greater than three

High important access roads will be determined in this way and mitigation planning 

would be based on resultant data.

5-1-7-5 Traffic flow

This item is considered as mentioned in the previous parts and unit weight is assigned

based on related network of studied access road.

5.1.8 Bridges

Traffic flow is affected by bridges, it may help to facilitate traffic flow or causes 

traffic jam if it is not designed properly. There is no bridge in studied area but it 

would be an important issue if applicable.

5.1.9 Pavement material

Type of pavement material can facilitate emergency services or getting it in trouble. 

Most of access roads are covered by asphalt concrete, thus the unit weight would be 

similar in all cases.

5.1.10 Urban facilities and services

There are some uniform and exactly similar types of urban facilities and services all 

around studied area, including power transmission line, water supply, communication 

networks and so on, therefore unit weight will be similar and there wouldn’t be any 

change in final result.
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Figure 5 -7 Access vulnerability based on access road importance (Author,2012)
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5.2 Vulnerability analysis of studied area based on defined indicators

Vulnerability analysis has been performed based on each defined indicator A1

through A7. For this purpose following table has been prepared and defined unit 

weights assigned based on several site visits and by gathering opinions of urban 

designers and structural engineering experts.

At first, indicator importance would have been determined. A questioner (Table 5-1) 

was prepared and indicator priorities has been determined based on the expert’s 

opinion in addition to review available references.

Table 5-1 Determining importance and priority of vulnerability indicators
(Author,2012)

Indicator Effective factors on vulnerability 1 2 3
A1 Population density
A2 Building density
A3 Slope of access road
A4 Access road length to width ratio
A5 Access road width to adjacent building height ratio
A6 Physical and structural condition of adjacent building
A7 Access road importance

The results are presented in table 5-2, seven importance factors of B1 to B7 that 

should be applied to analysis result of each indicator.

Table 5-2 Importance factor of indicators (Author,2012)

Indicator Effective factors on vulnerability Importance factor
B1 Population density 2
B2 Building density 2
B3 Slope of access road 1
B4 Access road length to width ratio 1
B5 Access road width to adjacent building height ratio 2
B6 Physical and structural condition of adjacent building 3
B7 Access road importance 3

As it can be observed from table 5-2, physical and structural condition of buildings 

and importance of access road which is related to type, access network, number of 

intersection, available open area, traffic flow, existing bridges and pavement materials 

are two most important factors.



Based on above mentioned survey, a formula can be extracted for access road 
vulnerability analysis as below:
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By using this formula table 
vulnerability has been determined 
vulnerability analysis, following categorization has been performed that is i
on figure 5-9: 

• Access roads with low vulnerability grand, total of weight equal or greater 
than 20

• Access roads with moderate vulnerability grand, total of weight equal or 
greater than 30

• Access roads with high vulnerability grand, total of weig
than 40

• Access roads with sever (very high) vulnerability grand, total of weight equal 
or greater than 

Figure 5 -8 Names of access roads

Based on above mentioned survey, a formula can be extracted for access road 
vulnerability analysis as below:

By using this formula table 5-3 has been prepared and finally access road 
vulnerability has been determined in a numerical format. According to results of the 
vulnerability analysis, following categorization has been performed that is i

Access roads with low vulnerability grand, total of weight equal or greater 

Access roads with moderate vulnerability grand, total of weight equal or 

Access roads with high vulnerability grand, total of weig

Access roads with sever (very high) vulnerability grand, total of weight equal 
45

Names of access roads (Author,2012)
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Based on above mentioned survey, a formula can be extracted for access road 

 has been prepared and finally access road 
. According to results of the 

vulnerability analysis, following categorization has been performed that is illustrated 

Access roads with low vulnerability grand, total of weight equal or greater 

Access roads with moderate vulnerability grand, total of weight equal or 

ht equal or greater 

Access roads with sever (very high) vulnerability grand, total of weight equal 
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Table 5-3: Vulnerability of access roads in studied area (Author,2012)

Item
Name of 
access 
road

Vulnerability Based on

Importance 
factor of 

vulnerability 
index

Total 
weight

Population 
density

Building 
density

Access 
slope

Access 
length to 
width 
ratio 

Access 
width to 
building 
height
ratio

Building 
quality

1 Salman 
farsi

2.75 1.75 1 2 3 3.75 2.70 37.35

2 Bukan 3 1 1 4 3 4.25 2.30 38.65

3 Saedi 1 1 1 3 1 3 1.70 24.10

4 Coohyar 2 1 4 2 3 2 2 30

5 Chubbori 1 1 2 2 2 3 1.70 26.10

6 Shadmehr 1 1 2 3 3 3 1.70 29.10

7 Ruzbeh 1 1 2 6 4 4 2 38

8 Noorizade 2.25 1.5 3 4 4 4.5 2.30 42.90

9 Baghdadi 1 1 3 6 4 3 2.30 36.90

10 Safae 3 2 1 5 4 4.25 2.30 43.65

11 Jahandar 3.25 2.5 4 6 5 4.75 2 51.75

12 Keshani 3 2 4 3 4 3 1.30 37.90

13 Madreseh 3 2 3 5 5 3.50 1.70 43.60

14 Rasuli 4.25 2.75 3 5 5 4 2.30 50.90

15 Masjed 3 1.5 2 6 4 5 1.70 45.10

16 Behrooz 4 1 2 3 4 5 1.70 43.10

17 Vahdat 
(kucheh 1) 

3.25 1.25 1 3 3 4.25 3 40.75

18 Kucheh 2 4 1.5 4 2 2 3.75 1.70 37.35

19 Vahdat 1 2 1 3 4 4 5 2 42

20 Vahdat 2 3 1 1 5 4 5 1.70 42.10

21 Vhdat 3 3 1 1 3 3 4 2 36

22 Vahdat 4 4 1 1 4 3 5 2 42

23 Vahdat 8 3 2 1 6 5 5 1.70 47.10

24 Khoeniha
(musavi)

3 2 3 4 5 5 1.70 47.10
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Figure 5 -9 Area vulnerability condition (Author,2012)
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5.3 Summary & conclusion

Method of analysis has been discussed in this chapter. At first stage, Indicators are 

introduced and importance of them has been described in detail and the related unit 

weights have been assigned. Based on assigned weight, vulnerability of access roads 

are categorized and illustrated in Figures 5-1 through 5-7. 

To combine all indicators and find a general vulnerability index, priority of each 

indicator distinguished based on literature review and interview with experts and 

finally, vulnerability index of studied area is extracted and illustrated on Figure 5-9. 

This map can be used for future urban planning and determining required and 

emergency seismic provisions which should have been taken in to account; in other 

word any future rehabilitation based on such map will tend to an effective result of 

reduction in risk of vulnerability and mitigate any future damages caused by probable 

future earthquake.
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Table 5-4: assessment of relation between assumed criteria and vulnerability of 
studied area (Author,2012)

Item Category Criteria Physical 
vulnerability

1

Access Roads

Increase in ratio of access area to  
building area Low risk

2 Increase in number of closed ways High risk
3 Increase in number of intersections Low risk
4 Increase in ratio of building height 

to access width Low risk

5 Increase in number of direct access Low risk
6 Increase in number of cantilevered 

parts of buildings High risk

7 Closer to faults High risk
8 Increase in liquefaction potential High risk
9 Increase in combined and complex 

applications High risk

10 Increase in number of access 
bridges High risk

11

Residential 
Buildings

More stable building elevation Low risk
12 High risk application High risk
13 Uniform building elevation Low risk
14 Less opening in elevation Low risk
15 Symmetric building elevation Low risk
16 Simple building elevation Low risk
17 Uniform mass distribution on   

building elevation Low risk

18 Wider access roads Low risk
19 Stable structure Low risk
20 Older elevation High risk
21 Increase in building age High risk
22 Dense building area High risk
23 Increase in exit time High risk
24

Urban services 
and Existing 
facilities

Complex and combined applications 
and move intersections High risk

25 Using smart instrument for crisis 
management Low risk

26 Including seismic design provisions Low risk
27 Older facilities High risk
28 Increase in facility network 

dimensions High risk

29 Closer to fault High risk
30 Including seismic design provisions Low risk
31 Access to emergency and rescue 

centers Low risk

32 Direct access to main roads Low risk
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CHAPTER 6: CONCLUSION 

6.1 Summary of approach

Studied area is located in Region 1 of Tehran which is the northern area of Tehran 

near the mountains; western limit is Shenasa square and Saadabad and Darband 

regions, from south is limited to Imamzadeh Qasim and Jafarabad area and from east 

is limited to Nakhjavan area. Studied area in most of the parts is old and has been 

formed during last decade without any approved urban plan and its general 

specifications are as follows:

• Studied area is located on a thin layer of loose sediment over bed rock and can 

be categorized as a young stratum based on geology criteria

• Studied area generally can be categorized as high population density with 

more than 250 Person per Hectare vs. average of 85 in Region 1 of Tehran.

• Studied area contains high ratio of Building unit to area.

• Local emergency services are located out of studied area and in some cases 

such as fire fighting station and hospital, there is no center near to the area.

• Based on local economy study and comparing to other regions in Tehran, 

people in studied area are categorized as low income.

• Vulnerability based on building density is moderate to low.

• About 10% of access roads have more than 42% slopes, which are categorized 

as high vulnerable based on slope criteria. 

• About 40% of access roads with more than 20% slope, which can be 

categorized as moderate vulnerable area and other roads have less than 10%

slope.

• Generally access roads are narrow in studied area, therefore based on ratio of 

access width to adjacent building height criteria; it can be categorized in high 

vulnerable group. About 50% of access roads are high vulnerable according to 

this criteria.

• Quality of building are mostly low therefore according to this criteria, studied 

area can be categorized in moderate to high vulnerable category.

• And finally based on assigned total weight to each access road it can be 

observed about 20% of access roads are categorized as sever/very high 

vulnerable, about 30% of access roads are categorized as high vulnerable, 
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about 30% of access roads are categorized as moderate and the rest ( about 

20% ) are categorized as low vulnerable area.

6.2 Answer to Thesis questions

In this Section, it is tried to summarize what has been mentioned in chapter four and 

five as answer to thesis questions.

Q 1: What are the effective indices in increasing probability of earthquake damage?

Answer 1: According to this research following indices can be considered as the most 

effective parameters in probability of earthquake damage increase:

a- District structural and physical parameters;

a-1 Population density

a-2 Building quality 

a-3 Load bearing system (Building Structure)

a-4 Building density

a-5 Number of building story

b- Building application

c- Access roads structural and physical parameters

c-1 Ratio of length of road to width of road

c-2 Ratio of width of road to adjacent building height

c-3 Traffic intensity of access roads

c-4 Number of existing bridges

c-5 Access roads importance

c-6 Access road pavement material

c-7 Average Number of intersections

c-8 Slope of access road
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Q2: What are the indices that should be improved in a vulnerable area to develop 

an earthquake resisting area?

Answer 2: Two groups of Indices cause main vulnerability;

I. Indices cause building physical damage and death during earthquake such 

as: Building quality, Load bearing system, Building density and number of 

building story. 

II. Indices cause increase in death after earthquake, in other word these 

Indices has impact on rescue and emergency services such as; Population 

density, Width to length ratio of access roads, Width of road to building 

height ratio, Access road importance, Bridges, Traffic intensity, Average 

number of intersections and access roads slope. 

All these indices are introduced and assessed in chapter four and five.

6.3 Thesis assumption assessment

In this part thoroughness of thesis assumptions would be assessed. 

• There are so many non-engineered buildings in Tehran.

As it can be observed in chapter four and five in studied area as a sample, about 30

percent of existing buildings have low quality thus are categorized as vulnerable 

building and more than 50 percent of buildings need to be rehabilitated. Only about

20 percent of existing buildings are expected to resist earthquake force.

• High density of building in an urban area potentially will cause 

vulnerability.

According to chapter four and five, building density is one of the effective indices in 

vulnerability and in table 5-2, coefficient of two is assigned to this index. By 

comparing figures 5-9 and 4-17 that shows vulnerability of the area and building 

density respectively it can be observed most of high risk vulnerable areas are located 

in high building density area.
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• Vulnerable area with narrow accesses shall to be re-organized in order to 

mitigate earthquake damages

According to vulnerability assessment, following indices shall be considered for 

access roads in studied area:

• Access slope

• Length to width ratio of access roads

• Width of access to adjacent building height ratio

• Importance of access road

Combinations of these indices show how the access behaves during and after 

earthquake. As it can be observed in table 6-1 most of very high and high 

vulnerable access roads, do not have proper physical and structural specifications. 

In other word, there is a reverse relation between access road quality and its 

vulnerability.

Table 6-1 Quality of access road of structure (Author,2012)

Item Name of access road

Vulnerability Based on Importance factor 
of vulnerability 

index
Access 
slope

Access length to 
width ratio 

Access width to 
building height ratio

1 Bukan 1 4 3 2.30

2 Noorizade 3 4 4 2.30

3 Safae 1 5 4 2.30

4 Jahandar 4 6 5 2

5 Vahdat 8 1 6 5 1.70

6 Khoeniha (musavi) 3 4 5 1.70

7 Madreseh 3 5 5 1.70

8 Rasuli 3 5 5 2.30

9 Masjed 2 6 4 1.70

10 Behrooz 2 3 4 1.70

11 Vahdat 4 1 4 3 2

12 Vahdat 2 1 5 4 1.70

13 Vahdat 1 3 4 4 2

14 Vahdat (kucheh 1) 1 3 3 3
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6.4 General recommendation

6.4.1 Before earthquake

6.4.1.1 Crisis management

a) Established a natural disaster mitigation center in studied area to facilitate and 

manage emergency and rescue services including following applications;

• Control center,

• Emergency communication and information network,

• Seismic research center and damage simulation center,

• Public training and mitigation center,

• Planning and organization center,

• Storage for some main emergency items (i.e. food, medical equipment and 

medicine).

b) Development of a prevention planning and crisis management flowchart and

related processes.

c) Establishment of a fire fighting center and developing a periodical training 

program for fire prevention and how to cease fire.

d) Development of a detailed plan of renovation to speed up area re-construction 

after earthquake 

6.4.1.2 Building structure

a) Renovation and rehabilitation of the existing school which has already a non-

engineered structure.

b) Renovation and rehabilitation of important buildings ( Dispensary, police 

station and etc).

c) Rehabilitation of urban services and existing facilities specially gas pipelines 

to prevent explosion and fire.

d) Using existing potential of investment for renovation of vulnerable area that 

should be supported and encouraged by municipality

e) Development of temporary accommodation plan in existing open area such as 

green area and parks
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6.4.2 After earthquake

a) Data gathering regarding to damages and remaining structures and their 

conditions.

b) Performing emergency service and rescue activities based on a simulation 

results and preliminary gathered information.

c) Communication with other natural disaster mitigation centers; sending 

preliminary information and ask them for any equipment and personal 

shortage.

d) Emergency decision making on residence movement or discharging the area.

e) Using emergency public transportation for discharging the area.

f) Coordination with all related organization including police station, red cross

society, fire fighting station and etc.

g) Speed up emergency and rescue services.

h) Debris removement to open blocked access roads.

i) Distribution of stored food, medicine and other necessary medical equipment.

j) Distribution of required facilities for temporary accommodation such as tent, 

blanket and etc.

6.5 Executive recommendation

According to vulnerability analysis performed in previous chapter following executive 

recommendations are proposed;

6.5.1 Preparing a rehabilitation time schedule and determining priority of activities

Total weight of each access road which is referred to degree of vulnerability shall be 

considered in determining priority of executive actions as below:

• Access roads with very high vulnerability shall be rehabilitated in first phase 

of execution.

• Access roads with moderate vulnerability shall be rehabilitated in second 

phase of execution.

• Access roads with low vulnerability shall be rehabilitated in third phase of 

execution.
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6.5.2 Increasing width of access road and geometry modification

According to related codes and standards there are three groups of roads in urban 

access network:

1. Closed and local accesses.

2. Byroads and sidetracks (access with some branches and usually connected to 

main road). 

3. Secondary main road by which studied area is connected to other 

neighborhoods.

Some of main instructions according to Iranian code of roads geometry and design are 

presented in attachment No.2. Based on an approved time schedule and professional 

design of access roads and by considering vulnerability degree of the roads, 

rehabilitation process shall be started.

Some of major advantages of increasing access road width are as follows:

• Reduction of bottlenecks and facilitate traffic flow, especially at intersections.

• Reduction in risk of access road blockage and facilitating debris removement 

after earthquake thus rescue services would be speeded up.

6.5.2.1 Encouraging policy

Building and property owners shall be motivated to renovate their structures or 

participate in program of increasing access roads width, some of proposed 

motivators are as follows:

• Permission of increasing in building density.

• Tax exemption, part of renovation tax can be deducted to encourage 

owners.

• Permission of changing application or reconstructing based on combined 

application; i.e., residential and administrative/ commercial applications.
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6.5.3 Retrofitting and renovation of building

According to Figure 4-15 which is prepared based on building quality, there are two 

risky groups based on vulnerability criteria; First group is called; “Utilizable” means 

shall be rehabilitated and the second group called as ”shall be renovated” which 

means is categorized as high risk of vulnerability.

For the first group, an economic and engineered rehabilitation solution shall be 

provided and encourage people to participate in this program, some recommendations 

are provided in attachment no.1. For the second group, detail urban design shall be 

provided and to be supported by governmental organization such as ministry of road 

and urban planning. It should be noted most of residence in studied area are 

categorized as low income therefore without any financial support and loan, it is not 

possible to execute any detailed plan. Moreover it is strongly recommended to 

encourage owners to combine their own properties during renovation therefore small 

piece of lands will be combined to reasonable area. In order to reduce vulnerability 

risk, building density shall be modified based on vulnerability risk as below:

• Low density with maximum three floors for closed end and small/narrow ( 

road width less than 4m )

• Moderate density, with maximum five floors for secondary main roads and 

some byroads.

There is no general rule for building density, it means based on some other factors 

such as width to length ratio of access roads permitted density shall be modified, the 

lower ratio should have lower density.

6.5.4 Other recommended necessary activities;

• Provide a practical and effective seismic provision for design and 

rehabilitation of buildings

• Urban utility control centers shall be equipped with updated automatic 

shutdown system and resistant against seismic loads.

• Fastening and modifying poorly stabilized and excessively ornate facades 

which are subject to collapse on to people when they run out of houses.
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• Buildings taller than 12m, according to seismic design code, shall be 

constructed with in enough distance to prevent of being stroked by each other.

• Establish a public training program to increase level of awareness and 

preparedness of residents.

6.6 Conclusion; Recommendation on Detail Investigation

Lack of a completed data base of vulnerability study in Tehran district and related 

neighborhoods is the first and the most important problem to start a detailed urban 

planning, thus the first priority should be data gathering and analysis of data which 

can be performed based on the mentioned methodology.

In addition as it is mentioned in JICA (JICA, 2010), "for actual disaster prevention 

planning to estimate the location, magnitude and time of next earthquake. However, 

there is little information on earthquake recurrence intervals and the latest earthquake 

events, and it is difficult to determine when the scenario earthquake will occur. It is 

strongly desired to investigate characteristics of earthquake source faults and to 

estimate the time of the next earthquake event", one of the earthquake source fault as 

mention in the report is north Tehran fault which is close to the studied area. 

Unfortunately there is no data in the earthquake catalogue on seismic activities on this 

fault and according to JICA studies it would be the second probability for next largest 

earthquake damage in Tehran, therefore it is highly recommended to make a detailed 

investigation on the fault and adjacent areas." (JICA, 2010:379).
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Attachment1: Recommendations on Structural design

According to The Study on Seismic Microzoning of the Greater Tehran Area which has 

been performed by Japan International Cooperation Agency (JICA), there are some 

proposed urgent measures as follows;

"(a). Proposed Urgent Measures

In examination of ‘urgent measures’ for the serious situation of potential seismic disaster

in condition for available time and lack of necessary data, there is two types of approach.

(a.1) The estimated seismic damage for Tehran presents a very grim picture. In addition, 

the city of Tehran is still growing and its structures are expected to increase in great

numbers. Therefore, there is a need to prepare countermeasures to seismic disaster as

soon as possible.

(a.2) Detailed seismic activity has not investigated up to this time. This includes the 

history of the last large earthquake caused by the fault, and the possible re-occurrence of 

the earthquake. Therefore, it is necessary to devise a schedule after these scenarios have

been clarified.

Lessons can be learned from the aftermath of the Kobe Earthquake, Japan, in 1995. 

Seismic criteria were revised to cover all potential seismic disaster areas. In addition, 

from 1995 up to the present time, a fundamental check is being done to building 

structures in Tokyo. Structures that do not satisfy seismic criteria are strengthened 

accordingly.

(b). Demolish and Rebuild or Strengthen

From an economic point of view, it is unreasonable to rebuild all the structures that 

cannot withstand an earthquake, although such an action is ideal. It should be carefully 

decides that whether to rebuild or merely strengthen.

(b.1) Public Buildings and Dwellings

Since it is impossible to demolish and rebuild all buildings to become earthquake 

resistant, it is important to limit the target for a rebuilding plan, and to decide the priority 

level. Some important aspects to consider are as follows:

• Evaluation of the degree of importance of individual public facilities for the 

rescue and restoration activities after an earthquake;

• Diagnosis of anti-seismic performance of individual public facilities according to 

building code
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In case for dwellings, shops, and private offices, earthquake-proof measures, earthquake-

proof measures depend on the judgment of the owner. It is necessary that an official

organization, such as the Municipal Government, encourage diagnosis and strengthening 

on the structures for anti-seismic performance or earthquake resistance. Strict and proper

enforcement of building design codes and seismic resistant codes could be identified as 

the most important measure, which should be implemented by the municipal government.

(b.2) Bridges

Only a small number of bridges are estimated to collapse, and a large majority of these

unstable bridges are for temporal purpose bridges. Therefore, it is necessary to rebuild 

these bridges in the near future. Further examinations of bridges other than the temporary 

bridges mentioned above should be carried out.

• Temporary Bridges

It will be necessary to apply the unseating prevention system to temporary bridges, in 

case of an emergency moreover, it is necessary to rebuild the bridges as soon as possible. 

The yield strength of these bridges is inadequate considering the traffic volume in Tehran 

and the current state of the floor slab of these bridges.

• Other Bridges

It is necessary to continue a more detailed investigation of bridges where a problem is

indicated by the seismic damage evaluation. The points, which should be especially 

noted, are as follows:

- The connection between the adjoining girders is vague; and

- The seat width on the pier cap is not sufficient.

It is necessary to examine the application of the unseating prevention system to the 

bridge, which corresponds to the above-mentioned conditions. The design of bridges with 

a span of four or more should be investigated. For bridges, where shear reinforcement of 

the pier is not sufficient, strengthening should be carried out.

(b.3) Lifelines

A systematic record concerning the following items, which form part of the basic data of 

the damage analysis, did not exist at the time of the Study. A distribution map of the 

pipeline network, material, and diameter should be compiled for the following services:
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- Water,

- Electricity,

- Gas, and

- Telecommunications

First, it is necessary to unify the database format and essential information items. Based

upon the information, appropriate damage should be estimated and required measures are

determined.

(c). Seismic Retrofitting and Seismic Strengthening

The basic concept of seismic retrofitting is to improve the earthquake-resistance of 

structures without changing their existing basic framework. Retrofitting should be 

adopted only when the following provide the advantage over rebuilding:

- The material and construction cost can be limited to the minimum amount.

- The construction period can be limited to the minimum amount.

It is important to clarify the yield strength for seismic intensity before and after execution 

of seismic retrofitting. It is considered that there is many cases that retrofitting are 

executed but required resistance, which is defined in the latest seismic design code, is not 

achieved. Detail consideration is required for the cases.

(c.1) Public Buildings and Dwellings

The diagnosis of seismic performance is very important. In Japan, diagnosis of seismic

performance is usually done before seismic retrofitting, and the seismic intensity Is-valve 

is calculated according to the detailed procedure defined by the Japan Architectural 

Disaster Prevention Society.

In case for public facilities, the diagnosis of seismic performance is performed without

exception in order to decide retrofitting to be introduced. Public facilities are used as head

quarter of relief activities and disaster management centre. On the other hand, the seismic 

diagnosis of private buildings lies in the judgment of owners. The municipality should

promote and encourage this important exercise.

Examples of construction for seismic retrofitting and seismic strengthening are as 

follows:
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• Providing Additional Bracing

In case of a structural member of the moment frame does not have enough rigidity, 

relative displacement in the horizontal direction between each floor becomes excessive. 

In such a case, it is effective to introduce braces. In case of there exists a floor of 

relatively low rigidity or yield strength, destruction is concentrated in the floor. Much 

damage occurred in the ‘ pilotis’ structure of buildings during the Kobe Earthquake 

because of the above-mentioned fracture mechanism. 

• Strengthening of Walls

An increase in the shear wall strength is effective when a structural member of the 

moment frame does not have enough rigidity. The shear wall with composite material is

fitted to the building made of RC can be considered as a solution. 

• Steel Lining / Fiber Lining

Buckling occurs in concrete when the RC column does not have enough shear-reinforcing

bars. In such cases, a steel plate lining or carbon-fiber lining is effective.

• Adding Bracing and Adding a Hysteresis Damping Effect for Vibration 

Suppression

Fitting an additional brace is effective, even in buildings that have a moment resisting 

frame, when the relative displacement in the horizontal direction between each floor is 

excessive.

The use of an outside pipe to control the buckling of the bracing is more effective to 

suppress vibration than if an outside pipe is not adopted."
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Attachment2: Recommandation on design of access roads

According to available standards and regulation for design of urban access roads, access 
roads can be categorized in three main groups;

1- Closed end and local accesses

Related regulations are according to following table;

Table A2-1 Design regulation of closed end and local access 

Access application Direct access to residential and related 
applications

Design velocity According to related regulation
Maximum allowable velocity 30 Km/h 
Number of lane in each direction One or two lane
Minimum access width in each direction 2.75m/Lane
Maximum slope 10%
Application type Residential (up to 80% density) and related 

applications
Intersection interval 50m to 100m

2- Access with some branches and usually connected to main road

Related regulations are according to following table;

Table A2-2 Design regulation of byroad and sidetrack 

Access application Connecting to adjacent neighborhood and 
main roads

Design velocity According to related regulation
Maximum allowable velocity 50 Km/h 
Number of lane in each direction Two to three lanes
Minimum access width in each direction 6m for two lanes
Maximum slope 8%
Application type All types of urban applications
Intersection interval 300m to 500m
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3- Main road

Related regulations are according to following table;

Table A2-3 Design regulation of secondary main road. 

Access application Connecting to sidetrack and high way and 
districts

Design velocity According to related regulation
Maximum allowable velocity 50 Km/h 
Number of lane in each direction Three lanes
Minimum access width in each direction three lanes and each lane has 3m width
Maximum slope 6%
Application type All types of urban applications
Intersection interval 300m to 500m

It should be noted according to this research, width to height of adjacent building ratio as 
an effective index of vulnerability must be taken into account during re-design of access 
roads.

There is another solution for increasing in access road width in which a three meter width 
can be considered on both sides of the access road. This sidetrack can be a part of private 
properties but clear of any construction and the only permitted application would be open 
parking or green area, advantages of such area will be;

1. Landscape improvement by green area
2. Safe area for urban facilities and pipelines
3. Possibility of future increasing in access width
4. Reduction in vulnerability index by reducing risk of access blockage, because of 

wider area.


