BRBRORZ 224 D) AR b Y

TIHZARNIBITAHEDY A7 LFEEYOHIR
SRR SEAT 12 BE 9 B SRR 2R A 5T

E&a:en

HARE: TREkARE

~FHH: 2020-04-09
*F—7—NK (Ja):

*—7— K (En):

{ERZE: NASIRY, NASIR ZIA
X—=ILT7 KL AR:

FiT/:

http://hdl.handle.net/20.500.12000/45547




Doctoral Dissertation of Engineering

A FUNDAMENTAL STUDY
ON
THE SEISMIC RISK IN AFGHANISTAN
AND
VIBRATION CHARACTERISTICS OF
STRUCTURES

March 2020
by

Nasir Zia Nasiry

Civil Engineering
Material, Structural and Energy Engineering
Graduate School of Engineering and Science

University of the Ryukyus






Doctoral Dissertation of Engineering

A FUNDAMENTAL STUDY
ON
THE SEISMIC RISK IN AFGHANISTAN
AND
VIBRATION CHARACTERISTICS OF
STRUCTURES

March 2020
by

Nasir Zia Nasiry

Civil Engineering
Civil and Architecture Engineering Course
Graduate School of Engineering and Science

University of the Ryukyus

Supervisor: Prof. (Dr.) Omer Aydan






We, the undersigned, hereby, declare that we have read this thesis and we have attended the
thesis defense and evaluation meeting. Therefore, we certify that, to the best of our knowledge
this thesis is satisfactory to the scope and quality as a thesis for the degree of Doctor of
Engineering (Science/Philosophy) in Civil Engineering and Architecture department under
Material, Structural and Energy Engineering, Graduate School of Engineering and Science,

University of the Ryukyus.

THESIS/DISSERTATION REVIEW & EVALUATION COMMITTEE MEMBERS

Signature

e @

(Chairman) Prof. Dr. Omer Aydan

Signature

B AL

(Committee) Prof. Dr. Takashi Ito

Signature

g v eH ()

(Commiittee) Prof. Dr. Takaaki Ikeda

Signature

17 K
') ,.J»\ /f}/j

(Committee) Assoc. Prof. Dr. Jun Tomiyama

Signature

—

' )T~

(Committee) Assoc. Prof. Dr. Hitoshi Matsubara







ABSTRACT

Earthquakes are major threats for life and infrastructure in Afghanistan in addition to the
numerous natural and human-made disasters. The death toll from earthquakes since 1998 is more
than 8,000 people in this country. Hundreds of thousands of people were left homeless. Death and
damage loss from earthquakes are global problem; however, it is considerably high when it comes
to Afghanistan in comparison to other countries in the world. Shallow earthquakes have a relatively
high impact all over the world, and the impact considerably decreases when the earthquake is a
deep event. The problem that needs to be addressed for the future in Afghanistan region is the
shortcomings that result the intermediate-magnitude deep and small size shallow events also cause
a considerably high impact on life and properties. A shallow earthquake of magnitude 6.0 will
maximum cause deaths in the order of 10 to 100 people in countries like Japan, USA, UK and other
developed countries; however, the twine earthquakes of 1998 Mw 6.0 and Mw 5.9 of Rustag in
Takhar province of Afghanistan Killed almost 4,000 people, destroyed 7 and damaged more than
30 other villages. The 2015 Mw 7.5, 210 km deep earthquake of Afghanistan and Pakistan in Hindu
Kush region killed about 400 people in both countries and damaged about 12,000 houses. The
considerably high life and property loss from this earthquake remarks the need of a thorough

earthquake hazard assessment in the region.

The primary goals of this thesis are to assess the seismic hazard analysis and seismic
vulnerability of common type buildings in Afghanistan. First and foremost, this requires
identification of the earthquake sources, the crustal deformations, straining and stresses, strong
ground motion and the shortcomings of the common type buildings during past earthquakes in
Afghanistan region. To provide a precise answer for each of the above goals, theoretical studies,
site investigations as well as huge amount of laboratory experiments are required. To document the
past earthquakes, data was retrieved and analyzed from international agencies operating for a long
time. Unfortunately, there is very little understood about the historical earthquakes of Afghanistan.
Although, Afghanistan started to develop in the beginning of 21 century, very little or almost no
data/study is published about the extent of the damage of earthquakes in about last two decades. To
predict the future damage and to evaluate the collapse mechanisms of the common type buildings
in future earthquakes, data is also analyzed from the reports/studies of earthquakes occurring in
neighboring countries and elsewhere in the world. However, enough site visits couldn’t be

conducted as it is little challenging when it comes to Afghanistan due to security circumstances.

The energy for earthquakes in Afghanistan is mainly released from two regional earthquake
sources: namely, the Eurasia-Indian global plate boundary movements in the SE, and the deep

earthquake region of Hindu Kush and Pamir in the NE. There are three main fault systems in
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Afghanistan that accommodates most of their movements from the regional sources, mainly from
the Eurasia-Indian global plate boundary movements. Chaman fault system is more active among
other two and based on evidence, it is capable of releasing energy for devastating earthquakes in
the future. Although, most of the earthquakes in Hindu Kush region are deep events (depth>50 km),
the 1998 Rustag earthquakes and the 2002 Nahrin earthquake were shallow events. However, both
shallow and deep earthquakes from this source have had high impact on life and property in the

past.

To analyze the earthquake hazard of Afghanistan, first a homogenized earthquake catalogue is
developed. The instrumental seismicity has the major contribution in the homogenized earthquake
catalogue. Although, the historical earthquake record is almost nil for Afghanistan, information
about historical events from the surviving earthquake catalogue is also included. The first historical
earthquake that is documented in Afghanistan is reported to be in the year 734. The homogenized
earthquake catalogue includes earthquakes of a broader area bounded by 27.0<Latitude<39.5,
58.5<Longitude<75.0, and M>4.0. The earthquakes are reported in different magnitude scales. We

converted them to moment magnitude (Mw).

The earthquake recurrence parameters were calculated for the two instrumental earthquake
catalogues as well as for the 9 earthquake domains in Afghanistan: respectively. These parameters
are used to analyze the seismic hazard. The results show that the ground acceleration can be up to
1.0 g for Kabul city. The Peak Ground Acceleration (PGA) for Kabul city corresponding to 2% and
10% Probability of Exceedance (PE) in 50 years are 32%g and 19%g, respectively. Maximum
spectral acceleration in Kabul city at 2% and 10% PE in 50 years are 82%g and 42%g corresponding
to 0.2-second, respectively. Ground motion from a hypothetical earthquake in Kabul City is 0.9g.
The results for the whole Afghanistan are presented in the form of ground motion contour maps,
acceleration, velocity and displacement time series and earthquake hazard curves. Although, the
Chaman fault has not released energy for a big earthquake neither in the instrumental era nor in the
historical era, the regional geologic activities remark the potential for occurrence of a devastating
earthquake near Kabul city. Considering these values of ground motion and ongoing geologic
activities, the SE boundaries of Afghanistan is identified with the very high earthquake hazard
followed by the NE with the high seismic hazard. Although, instrumental earthquakes as big as
Mw>7.0 have not happened in North Afghanistan, few events are reported in the historical
catalogue, therefore the North Afghanistan is subjected to moderate earthquake risk and the
remaining Afghanistan which is the SW has the lowest hazard as there is no considerable fault

movements nor past major earthquake events.

Unavailability of reports or studies about the damage of buildings in past earthquakes of

Afghanistan is another serious problem in the path of understanding their collapse mechanisms.
ii
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Although there is a considerable change in the administrations from the conventional
documentation system to the electronic filing system, little information is published or left open to
the researchers for analysis and lesson-learns, almost in every field. The collapse mechanism of the
common type buildings from the pictures of past earthquakes in Afghanistan, Pakistan, India and
Iran are analyzed. The construction methods in these countries as well as in Turkey and Nepal are
also studied. Photo-elasticity tests are conducted on masonry buildings, frames and framed

structures with various structural systems to identify the weaknesses.

The structural members plinth/foundation beam (B), Columns (C), and ceiling slab (S), and
partition walls (W) of reinforced concrete buildings in Afghanistan are constructed in three different
models classified by the construction order of these elements; namely, model 1 BCSW, model 2
BCWS and model 3 BWCS. Photo-elasticity tests are carried out and FEM analysis are conducted
on the RC bare frames, frame with infill wall and soft-story and frame with full infill walls in order
to evaluate the response of these models, respectively. The model 3 provides better response as the
structural members and walls start to react as a unit system whereas in model 1 and model 2 the

walls start to react when the column, beam and slab undergo certain amount of bending.

Photo-elasticity tests were also conducted on masonry structures. Model test were conducted as
well as test were conducted on shaking table. The models consisted of masonry walls only, masonry
walls with opening. Lintels were added to both masonry models. We changed spacing and number
of the lintels to evaluate their effect. FEM analysis of were also conducted. The masonry buildings
provide more ductile response when continuous beams are constructed in regular distance intervals,

below and on top of the windows/openings as well as on the top of the wall.

Last but not the least, this study evaluates the structural integrity of some of the common type
of structures using the natural frequency and vibration characteristics. Model tests are conducted
on towers, frames, frame buildings, beams as well as data of actual wooden buildings, concrete and
composite bridges in Japan and in Afghanistan are analyzed. Four different vibration methods;
namely, free vibration, forced vibration, micro-tremor devices and Fourier Amplitude are used.
From the results it is clearly observed that most of the structures undergo certain amount of
degradation with time. Comparison of the data for some bridge structures in Afghanistan with some
structures in Japan indicates that those structures in Afghanistan have also degraded. In most of the
case, particularly for the slender structures it is seen that all these methods give very close results.
This implies that the free vibration and sandbag drop test are appropriate alternatives to regularly
monitor structural integrity, particularly for the areas and countries where lack of advance
experimental devices are scarce, and the budget limitations are major problems to conduct quality

researches.
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CHAPTER 1 INTRODUCTION

1.1 Motivation and Background

Earthquakes in Afghanistan have killed about 8,000 people in since 1998. The major events
include the 2015 Mw 7.5 Hindu Kush earthquake of Afghanistan and Pakistan, the 2002 M 6.0, M
5.1, M 5.8 Nahrin earthquakes of Baghlan and the twin earthquakes of 1998 M 5.9 & M 6.5 Rustaq
of Takhar Province. Shallow and intermediate-depth high magnitude earthquakes result in
considerable casualties and damage; however, in Afghanistan region, earthquakes as deep as 200
km and as big as M 6.0 shallow earthquakes usually Kill thousands of people and result into huge
damage. Earthquakes as low as M 6.0 and deep earthquakes although being high magnitude seems
to have little impact in other parts of the world like Japan, United States, Turkey and Italy; however,
similar earthquakes cause tremendous impact on life and infrastructures in Afghanistan. A good
example is the Rustag and Nahrin events, both destroying number of villages and killing several
thousands of people. The huge impact remarks the need of a thorough study of the seismic hazard
and seismic vulnerability of structures, particularly buildings in Afghanistan.

The primary goal of the seismic risk in Afghanistan and vibration characteristics of structures is
to identify the nature and extent of the earthquake hazard and earthquake preparedness of structures,
particularly buildings against large earthquakes anticipated to be occurring in Afghanistan in the
future. First and foremost, it requires a comprehensive record of the historical earthquakes as well
as the instrumental past earthquakes and the details of failure mechanisms of the buildings in the
past earthquakes. With the invention of the modern seismographs since 1880s, the record of
instrumental earthquakes of almost all regions in the world is close to complete; however, the record
of the historical earthquakes remain vague in most of the regions of the world, particularly when it
comes to Afghanistan region making it difficult to give a precise guide about future seismicity of
the region. To provide guidelines about construction of earthquake resistant buildings, it is
necessary to evaluate the damage and collapse mechanisms of the buildings in the past earthquakes.
Unfortunately, detailed records about buildings’ performance in the past earthquakes of

Afghanistan are scarce or they are probably not disclosed.

With the help of conventional and statistical seismic hazard analysis methods, idea can be drawn
about the earthquake hazard of any region; however, most of these approaches are based on the past
seismicity of the target region. The bases of these approaches are the earthquake catalogues of the
past earthquakes which are close to complete for the past about a century and half. The seismicity
of far future is difficult to predict because of the incompleteness of the historical seismicity. It

should be noted that the recurrence interval for some of the earthquakes span to several thousands
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of years and unfortunately the records of earthquakes of several thousand years in the past doesn’t
exist. The 2011 Great East Japan Earthquake of M9.0-9.1 doesn’t have its example recorded in the
earthquake history so far available. To address this problem, deterministic approaches provide
better result. With the help of later approach, we can calculate the time histories and Fourier
Amplitude Spectra for any earthquake anticipated to be happing in any location provided that the

ground characteristics of the target region are understood.

Decades of violence in the region have left the seismic hazard and seismic safety of buildings in
Afghanistan unexplored. With the help of studying the seismicity and earthquake damage to
buildings in the other parts of the world that are in similar geologic setting like Afghanistan, effort
is made to address the earthquake hazard in Afghanistan and earthquake vulnerability of common
structures, particularly buildings in Afghanistan. Numerous model tests are conducted on towers,
frames, frame buildings, bridges and photo elasticity tests on frame buildings to evaluate the
earthquake performance of different structures. Test on actual structures are also conducted and
based on the findings, proposals are made for construction of earthquake-resistant buildings models

in Afghanistan for the future.

1.2 Objectives

The primary objectives of this research are to (1) develop earthquake hazard maps and
earthquake risk zonation for Afghanistan, and to (2) propose earthquake-resistant building models
corresponding to earthquakes anticipated to be taking place in future in Afghanistan. The latter is
obtained by evaluating the collapse mechanisms of the buildings in past earthquakes in other parts
of the world and from the results of some of the experimental works. More specifically the

objectives of this study and the contribution of this work are below.

1. To prepare an up-to-date earthquake catalogue in order to evaluate the seismicity of
Afghanistan region and reproduction of some of the previous seismic zoning and risk maps
as they are still used by some of the government ministries. The aim in this is to develop
a map with distribution of historical and instrumental earthquakes with explanation of their

impact on life and properties.

2. To analyse the crustal deformation, strain and stresses in Afghanistan region its

interrelationship with the regional seismicity.

3. Todevelop probabilistic seismic hazard maps and earthquake risk zonation of Afghanistan

based on the distribution of the past earthquakes as well as the regional geologic activities.
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4. To assess the strong ground motion in Kabul city from earthquakes in Pamir and Hindu
Kush region as well as from a hypothetical earthquake anticipated to be occurring along
Chaman fault segment near Kabul city.

5. To evaluate the seismic vulnerability of common type of buildings, material and
construction methods in Afghanistan. Additionally, the objective is to study the typical
seismic damage mechanisms of buildings in Afghanistan and some other countries to
propose earthquake-resistant common type building models to increase life and property

safety.

6. To propose easy applicable and cheap experimental methods for countries like
Afghanistan in order to understand the stress distribution under different kind of loadings
on masonry buildings, frames, frame structures through conducting photo elasticity tests

on models of these structures.

7. And to evaluate the integrity of common type of structures using the natural frequencies

and vibration characteristics.

1.3 Scope

This thesis focuses on assessing the overall impact of future earthquakes on life and property in
the country. This work is proposing earthquake resistant models for masonry and framed buildings.
We also discuss the typical seismic vulnerability of common buildings in Afghanistan and
neighboring countries and a model corresponding to these inadequacies is proposed for the seismic
prone areas of Afghanistan. The seismic risk and seismic vulnerability of common type buildings
developed in this study are limited to Afghanistan and the finings can be applied for the structural
design in this country. The vibration characteristics of common type structures are generally
applicable to structures in the Afghanistan region. Although the collapse mechanisms, experimental
and analytical data from other parts of the world are utilized, the results correspond to the seismic

risk and seismic vulnerability of buildings in Afghanistan.

1.4 Organization and Outline

This thesis is based on compilation of research papers published and submitted for publication
within the period of this study. Chapters 2-5 present detailed regional tectonics and crustal
deformations, past seismicity, development of earthquake hazard maps and risk zonation of
Afghanistan, and the strong ground motion estimation for Kabul city. Chapter 6 evaluates the
common building types, construction material and construction methods in Afghanistan and
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neighboring countries. The typical seismic damage of common type buildings in past earthquakes
are assessed. In Chapter 7 the performance of various structures under normal and normal and shear
forces is evaluated by conducting photo-elasticity model tests on fault slits, masonry buildings,
frames and framed buildings. And finally, in Chapter 8 the integrity of common type structures is
assessed using the natural frequency and vibration data from numerous experimental works and site

visits. Following is a brief explanation of Chapter 2 to Chapter 10.

Chapter 2 discusses the tectonic settings and regional geologic activities. The seismicity is
discussed in details and some previous earthquake zoning and risk maps have been reproduced. The
historical and instrumental earthquake catalogues are summarized. A homogenized earthquake
catalogue of about 39,330 events is presented in the form of earthquake distribution maps. Focal

mechanisms for some of the devastating earthquakes are discussed.

Chapter 3 presents the crustal deformations, straining and stresses utilizing the GPS data from
the GPS Stations installed in Afghanistan and nearby countries. Strain and stress rates are
determined as well as their relationship with the regional seismicity is discussed. The faults’

activities are also related with the strain and stress rate and seismicity.

Chapter 4 presents the probabilistic seismic hazard maps for Afghanistan. Earthquake data from
various international agencies operating in the region for a century and more are analyzed from
which the seismic hazard analysis parameters are identified. The catalogue completeness periods
are found and with the help of earthquake analysis computer program, the hazard maps with 2%
and 10% Probability of Exceedance (PE) in 50 years are developed, respectively. Earthquake hazard
curves corresponding to these return periods are presented, and a seismic risk zonation based on the

earthquake distribution and regional geologic activities are presented.

Chapter 5 presents the deterministic strong ground motion estimation for Kabul city from the
2015 Mw 7.5 Hindu Kush earthquake and a hypothetical earthquake along Chaman fault segment
near Kabul city, respectively. Three different deterministic earthquake hazard analysis methods are
utilized, and strong ground maotion is presented in the form of contour maps and ground motion

time series.

Chapter 6 discusses the construction material and construction methods in Afghanistan as well
as the typical seismic damage of common type buildings in past earthquakes in Afghanistan,
Pakistan, Iran and India and some other countries. Application of some construction methods in
Turkey and Nepal to buildings in Afghanistan are assessed. The collapse mechanisms of masonry
and frame buildings in past earthquakes of those countries are discussed and some modifications to

the current construction techniques in Afghanistan are proposed.
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Chapter 7 presents the results of photo elasticity tests as well as physical test on faults, slits,
masonry buildings, frames and framed buildings representing various construction techniques. The
results for some techniques are prevailing on others. The attempt is made to modify the construction
techniques utilizing the locally available workmanship and material. A series of test are conducted
on RCC frame models with different structural orientation as well as on the masonry models with

and without lintels.

Chapter 8 looks at the structural integrity of common type buildings as well as towers, frames,
and bridges using the natural frequency characteristics of structures. Site visits are conducted in
Japan, Turkey, Nepal and Afghanistan and vibration data analyzed. Model tests are also conducted
on tower, frame, frame building using four different vibration methods. The response of actual

wooden buildings, reinforced concrete, masonry buildings and bridges are also discussed.

Chapter 9 presents proposals and recommendations to increase seismic resistance of common
type buildings, modification in construction techniques and general remarks. Seismic risk zoning,
strong motion zoning, seismic design spectra and some applicable retrofitting methods for the

possible and necessary upgrading of the existing structures are discussed.

Chapter 10 presents the summary and conclusions of this work as well as the limitations and
future research scope.



CHAPTER 2 TECTONICS AND SEISMICITY

2.1 General

Ground shake, landslide and many other earthquake-induced events are threatening live and
infrastructure in Afghanistan. Obviously, the high-magnitude earthquakes result in much higher
damage worldwide; however, in Afghanistan deep and intermediate shallow earthquakes cause
considerable fatality and destruction. NE and SE parts of the country are highly aseismic where
most of the damage is caused not only by the strong ground motion and surface rupture, but also
from liquefaction and extensive and successive landslides (Benz, et al., 2005). The history of
destructive earthquakes in Afghanistan goes back to more than four thousand years (Boyd, et al.,
2007). Decades of violence and strife have left the country with few scientists and limited resources
to address geo-hazard. At least, 609 landslide sites near the lifelines are only identified in
Badakhshan province where landslides usually take lives and hide villages under earth (Zhang, et
al., 2015).

Enough details about the rates and directions of faults characteristics are not known as in last
few years only one GPS station is installed in the country; however, based on the studies of faults
elsewhere in the world (the San Andreas fault in the western U.S., the Wasatch fault, Utah and
Karakoram fault of western China) that are in similar geologic and climatic settings as Afghanistan,
the faults in Afghanistan probably have slip rates on the order of 10mm/year, (Ruleman, et al.,
2007).

The surviving macro-seismic data of Afghanistan region appears to be incomplete making it
difficult to give a clear guide about Afghanistan’s seismicity. Afghanistan is laced with faults
(Wheeler, et al., 2005) and seismicity is distributed over a broader area which make it problematic
to associate them with the activity of certain faults or inactivity of others (Prevot, et al., 1980). The
pre-21% century earthquake hazard and risk zoning literature provide somewhat a biased geographic
view of Afghanistan’s seismicity. Historical earthquakes, particularly the earlier ones have been
assigned by different authors” widely different locations, magnitudes and depths most of which
provide circumstantial, telegraphic and occasionally misleading information (Ambraseys &
Bilham, 2003). There are regions that are currently seismically quiescent also indicated in most of
the previous seismicity maps inactive, but occurrence of earthquakes has been reported in the only
surviving historical earthquake catalogue. Afghanistan has earthquakes as high as Mw7.4 in the
North, My7.7 in the NE, M7.7 in the SE borders with Pakistan, and My 7.0 in the West side borders

with Iran. The death toll and damage from the earthquakes in the last 20 years inside and near
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Afghanistan borders is an alarm for earthquake preparedness and precautions, particularly against
future large earthquakes close to the population centers and infrastructures.

2.2 Tectonic Setting

Afghanistan is located in the Eurasian orogenic belt, Figure 2.1, one of the two most seismically
active belts in the world. Modern fault movements, deformations, and earthquakes in Afghanistan
are driven by the northward subduction of Indian plate beneath Eurasia plate, Figure 2.2. These
movements cause moderate-to-large magnitude, potentially damaging earthquakes in the
Afghanistan region. These earthquakes will likely cause serious damage, not only from strong
ground shaking and faults rupturing the ground surfaces, but also from liquefaction and extensive
land sliding as occurred during the devastating 2005 M7.6 Kashmir earthquake (Harp & Crone,
2006).

 ANTARCTIC PLATE
Figure 2.1 Tectonic plate, global faults and location of Afghanistan.

63°E 66°E 69°E T2°E T5°E
e ————
~ - SUGHD .

39°N

T ot v
PUBLICAN Y
SSURCRDIN ATION

39°N

"TAFIKISTAN {0

L
- e A
"Dushanbey

/ 4 CORNOBADAKHSHAN "N

36°N

36°N
33°N

33°N

30°N
30°N

63°E 66°E 69°E T2°E T5°E

Figure 2.2 Location of Afghanistan and Eurasia-Indian global plates’ boundary.



Chapter 2 Tectonics and Seismicity

The active faults in Afghanistan are divided into 3 fault systems: namely, Chaman, Hari-rud and
Central Badakhshan fault systems. In the southeastern Afghanistan and adjacent Pakistan, the
Chaman fault system accommodates much of the differential movements between the Indian and
Eurasian plates. The main Chaman fault has a reported slip rate of 2-20mm/year and higher where
it enters western Pakistan (Lawrence, et al., 1992). The Indian plate has a 20-40mm/year velocity
where it comes close to a 300-400 km segment of Chaman fault between (31°N-33.5°N), suggesting
that M>7.0 could occur at 200 years interval along this segment. This segment of Chaman fault is
silent both historically and in the record of recent seismicity making it similar to the Balakot Bagh
(B-B) fault of Pakistan where the 2005 M7.6 Kashmir earthquake occurred remarking that similar
earthquakes may occur and may have consequent results particularly it occur near Kabul and other
lifelines along the fault. Scarps are present on piedmont and valley alluvium and vary from east-
and west-facing, arcuate discontinuous scarps to northeast-and northwest-trending lineaments
which shows to be active thrust and tear faults that have developed as a result of northwest-
southeast-directed compression (Bernard, et al., 2000). In the eastern Afghanistan, there is a high
level of scattered seismicity over a broad area. The activity is not concentrated on well-defined
faults, nor does it define new faults (Prevot, et al., 1980). In central Afghanistan, the Hari-rud fault
extends from north of Kabul westward to Iran border with a slip rate of 2mm/year, but evidence for
active faulting remain controversial, and in northern Afghanistan, for central Badakshan fault in
Pamir and Hindu Kush, slip rate is not known; however, a slip rate of 12mm/year is assigned by
(Boyd, et al., 2007). The Darvoz fault in NE Afghanistan extends to Tajikistan with a slip rate of
7mm/year, Figure 2.3.
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2.2.1 Pamir and Hindu Kush

Pamir and Hindu Kush of Afghanistan is one of the few places in the world where continental
earthquakes as deep as 300 km usually take place. Kabul is located in about 300 km distance from
Hindu Kush; however, earthquakes in Hindu Kush induce powerful shocks in the nearby
metropolitan city of Kabul, Figure 2.4. The tectonic setting of Afghanistan involves fundamentally
the northward motion of the Indian plate sub-ducting beneath Eurasia plate in the Tibet. Movement
of the Indian plate is accommodated in Afghanistan and Pakistan by the Chaman fault through
mainly sinistral faulting. However, the tectonic setting is more complex in the vicinities of Hindu
Kush mountains. Figure 2.5 shows a cross-section depicting the subduction of the Indian plate
beneath the Eurasia plate in the vicinity of the Hindu Kush mountains. It is noted that the Indian
plate is steeply bended, and it is probably in the process of detachment and sinking into the upper
mantle, which would affect the seismicity of the region for decades from now on.
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Figure 2.4 Active faults in Afghanistan, location of Kabul, Pamir and Hindu Kush. The lines in
grey are the many seismically unidentified faults. Faults modified from (Wheeler, et al., 2005).
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Indian Plate Hindu Kush

Figure 2.5 Hlustration of subduction of Indian Plate beneath Hindu-Kush mountains. Modified
from (Pavlis & Das, 2000).

2.3 Seismicity

To evaluate the seismicity of a region, earthquake catalogues play an important role. Recurrence
interval of the big earthquakes are more than thousand years. Although there are many international
organizations that operate over a long period of time; however, the historical earthquake record is
a major problem for many regions in the world, particularly Afghanistan region. The historical
earthquakes for Afghanistan region have been reported by different authors with different depth,
magnitude, casualties, damage, etc. implying the inaccuracy and incompleteness of the record,
(Ambraseys & Bilham, 2003). The incompleteness of the surviving macro-seismic data of

Afghanistan region makes it difficult to give a clear guide about seismicity of this region.

2.3.1 Earthquake Zoning and Earthquake Risk Maps

There are several earthquake zoning and earthquake risk maps used by different organizations
in Afghanistan. The map developed by Stenz (1945) is probably the first strong earthquake zoning
map for Afghanistan, Figure 2.6. This is some other maps have been referred to in the manual of
the Ministry of Education (MoE) as a reference for construction of school building as well as in the
manual of Ministry of Housing and Urban Development (MHUD) for construction of structures,
mainly buildings. Most of those maps handwriting and provided in the form of scan copies with
quite low quality. Although, the maps are prepared decades before from when the seismicity has
quite changed, we digitalized them for ease of understanding and comparing with the seismicity

presented in this study. The maps are presented in Figure 2.7 to Figure 2.10.
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Figure 2.6 Strong