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Summary

Pakistan is tectonically significant and thus netedse studied. In recent years, Pakistan
is growing economically and the population has eased. Pakistan has experienced
several disastrous earthquakes in the historicagi About 50% of the population is
living under a constant earthquake threat. Thisltesn raising the interest to estimate
the seismic hazard through tectonic and seismabgtudies. Present study has been
divided into two parts. Comparison of Pakistan re@snetwork data (limited available)
with international data from PDE and conductedcallgite effects study in the two cities

(Islamabad and Muzaffarabad) of Pakistan.

The first part describes the seismicity, tectomttRakistan, Seismic Network in Pakistan
(past, present and future) along with comparisoRaKistani seismic network data with
international data from PDE with respect to epi@nearthquakes locations and
magnitudes. Fifty four earthquakes detected by HeDE and seismic network of
Pakistan are relocated. It has been observed piegregral locations (PDE and Pakistan
seismic network) of the earthquakes do not fit weljeneral. Another attempt made by
selecting comparatively good event from local neknamut again resulting in the more or
less similar difference in epicentral locationseafthquakes calculated by the PDE and
local network. Magnitude comparison of the two (PBd Pakistan seismic network)
shows that the local magnitude (MI) calculated liyy Pakistan seismic network is quite
close to the PDE (body wave magnitude), coda madeitcalculated by the Pakistan

seismic network data is giving high value as coragao PDE magnitude.

In the second part local site effects in the twiesiof Pakistan have been conducted.

It has been realized by the seismological socledy nost of the damage associated with
earthquakes could be attributed to local site &ffeamplification of the seismic waves
from unconsolidated or water saturated loose seadtinueposits or the particular

topography in the given area.



In this study, two sites have been surveyed f@& sftects- one sector of Islamabad city
capital of Pakistan and the Muzaffarabad city, 8aki. Non reference site technique
proposed by Nakamura has been used for the catmulait fundamental site frequencies
in several different sites in the area under ingasibn. The topographic and geological

conditions in the two localities are different.

In Islamabad area the results observed are roughigreement with the existing soil
conditions. The fundamental frequencies vary, h@wvdkiey show consistent values in
general with the expected sediment thickness antpositions. The data coverage and
its distribution were not ideal to give more prémisand confidence level. Amplification

factors obtained are quite low (2-4) and is eveldyributed for the entire area.

In Muzaffarabad, the fundamental frequencies atechear and vary significantly, this
probably due to the nature of the sediments whrehnaainly coarse grained proximal

fluvial deposits are of high energy enrichment

It is well known that Pakistan is situated in antlequake prone area, we believe that the
present study may be of use to the Municipalityhaf two cities to improve the building

codes by taking the site effects into consideration



1 Introduction

Natural disasters like flood cyclones, droughteftrfire, earthquake, volcanic eruption,
epidemic and main accidents are widespread inrdifteparts of our planet. These
escorts to the loss of life, property damage armoseconomic disorder. These losses
have developed over the years as a result of iserea population and material

resources. It is documented that natural disasi@ve claimed millions lives in the past
and badly affected the millions of people with digant financial losses of millions

dollars. These losses are more in developing cesritiecause of high population density

and poor constructions in terms of earthquakes &fie®000).

Among the natural disasters earthquakes are omi@eaihost catastrophic events. Every
year about one hundred thousands earthquakes afitondg more than three hit the
earth. In total More than 15 million human livesrédeen lost in disaster throughout the
world. In addition the damage worth of billions adllars has been imposed because of
these earthquakes in the recorded history. Sontkeeoflisastrous earthquakes so for the
world are, Tangshan of China, 1976, Mexico City 3,98orthwest Turkey August 17,
1999, Sumatra 2004 and Kashmir earthquake 200508tw@rence of earthquakes as it is
the case for other natural disasters cannot beeptest. The catastrophic effects of these
however, can be minimized significantly by sciantiknowledge of their nature,

magnitude, causes, rate of recurrence and areaugince (Tewari, 2000).

Earthquakes are, frightening and disastrous dueithpulsive impact and devastation in
a matter of few seconds inflicting enormous losstdife and property. Destructive

earthquake impact has direct and indirect effest®rt term and long term). The first
(short term or direct) given by the number of stdfe, damage structures and direct
financial losses. Long term or indirect impact igeg by the miserable influence on the
social/public structure in the subsequent yearsmigority of the cases the social
structure experiences everlasting damages, wheedirect economic losses can be

absorbed by the country with international supgsiejko, and Ansal, 1999)



Pakistan is situated in a seismically active regidich has experienced many disastrous
earthquakes during historical times. The big eardikgs hit that region in the last century
are Quetta 1935, Makran coast 1945, Pattan 19t#Kashmir earthquakes 2005. About
50% of the population of Pakistan is living undenstant earthquake threat. There are
several active faults existing in the Northern andthern Pakistan. Over the last 30-40
million years the Indian subcontinent has beenidiath with the Eurasian subcontinent
(Aitchison et al., 2007). Continental lithospherersmthan 2000 km has been shortened
during this time period to produce massive mountaiges of central Asia (Bollinger et
al., 2004; Molnar and Tapponier, 1975). The comiakcontinental collision is
producing high seismic activity in the region. Savegreat mountain structures have
been produced as a result of this collision (foaregle, Kiether and sulaiman ranges,

Hindukush Mountains, Karakorum Mountains and theniPeanges).

Pakistan Meteorological Department (PMD) is resfgmado monitor seismic activity in
the region. PMD has been working with seismolognail954 and has the mandate to
issue the information to public sector as well@athe government agencies. First seismic
network was very small with 6 seismic stations.2005-2006 six digital sensors was
added in the existing seismic network. Presentgdun is quite improved. Currently 10
Broad Band seismic stations have been installed Ankked through satellite
communication system with Karachi seismic centeraddition 10 short period and 30

strong motion sensor have also been installed.

Recently, after the installation of new digital s®ic network, better information about
seismic activity in the region has become availébl@vestigate the tectonics of the area.
Past and recent (Kashmir earthquake, 2005) eartkguaave caused heavy damages in
the region. Therefore, this study is important athbregional and local scale. It is also

significant as the area is economically growingwiitgh population density.

During an earthquake the shaking of the ground mi#p®n many factors. On of these
factors is local site effects. Estimation of losdé effects is one of the input parameters

of any seismic risk analysis. It accounts for muisthe cases significant portion of the



damage that occurs during an earthquake. San Btandi906, The Kobe 1995, and
Loma Prieta (1989) earthquakes all caused devastatainly due to very high ground
shaking and ground amplification which is causedldpal site effects. 1985 Mexico
Mexico City earthquake is an unusual example inctvl@picenter of the earthquake was
(250miles) 400 kilometers) away from the city of @ which was damaged badly due
to local site effect. As said by a few authors tBktive acceleration amplification of
quite a few lake bed sites of the valley of Mexaity attained values between 8 to 56
with regard to one particular selected site placadrock . Seismological society has
realized the importance of the local site resposse different techniques have been
proposed to assess the site response. In the petgdy, an empirical approach has been
carried out as for the expected local site respoimsdwo cities (Islamabad &
Muzaffarabad) of Pakistan. For the estimation afalosite effects at different sites,
several records of ambient seismic noise have beste and analyzed using the H/V
technique. At the end, maps presenting the didtdbwof the fundamental site frequency
and of the observed amplification factors are pregpdNakamura, 1989;, 2000; Singh et
al, 1988)

Amplification of the incoming seismic waves duethe local geological site conditions
or topographical features in a certain area is 4 krewn problem called local site

effects.

It is acknowledged that uppermost poorly constéidesedimentary deposits, that have
acoustic impedance much lower than that of undsglybedrock, can magnify the
arriving seismic waves due to the following reasdfisst, transmission coefficient at the
border between underlying bedrock and uppermosingsds is larger than one. It means
that the seismic waves coming from below will progi in the sedimentary deposit with
higher amplitude than the amplitudes they had oirdek (impedance contrast). Second,
the interference will take place among the wavélsgted from free surface, transmitting
downwards with the waves coming from earth whichpl#fiyn the ground motion at
specific frequencies (Atakan, 1995; Lacave, 1999)&3ally velocity structure and

thickness of the uppermost layers are used to meterthe exact frequencies at which



the maximum amplifications will occur. The ampldion is up to some extent
compensated by the intrinsic attenuation, whichigher in uppermost unconsolidated
sediment layers. On the other hand, when speaticlitions are fulfilled, the intrinsic

attenuation is incapable to completely compendage amplification effects and high

amplification may happen at specific frequenciemkan 1995; Lacave, 1999).

The response of building can be considered anatbdgouan equivalent harmonic

oscillator from an engineering point of view andledarmonic is characterized by its
fundamental frequency. When fundamental frequericpwlding and some of peak

frequency of the site response spectrum coincites; an earthquake can produce
complete destruction due to resonance effect whithoccur. Therefore, urban areas
located in earthquake prone areas, it is very itaporto study the site response for
proper construction (buildings) in the area. Inesal/cases the amplification factors of
the higher modes of fundamental frequency areléoge extent lower than amplification

factor of the fundamental site frequency itself. Boowing the fundamental site

frequency may be enough for building engineers amyncases (Atakan 1995; Nakamura
1989;, 2000).

1.1 The city of Islamabad (Capital of Pakistan)

Islamabad is located in the northern part of countr the south of Margalla hills from
where the seismically active fault Main Boundaryust (MBT) passes (third main
deformational front). Historically it has been tpart of the cross road between Punjab
and North West Frontier Province (NWFP). Islamabathg a capital of Pakistan has
several modern and multistory buildings (Embass@sjl and industrial buildings),
number of new buildings are under construction.reooic growth and increased activity
of the building industry in an earthquake proneafiéis was the reason to take a survey
of this city to estimate local site effect parttbis city (Capital Development Authority

general information)



Seismic hazard in twin cities (Islamabad and Raindlp is associated with numerous
faults in the vicinity/ proximity of the area. Tleegclude Main Boundary Thrust (MBT)
and Margalla, Hazara, Jhelum, Panjal and MurrekstaMBT which is about 270 km in
length and extends along Himalayan Front, pasdmogital km south of Margalla Hills.
In the north of Margalla Hills at about 26 km pas&anjal Khairabad fault (PKF). The
Hazara thrust fault zone (HTFZ) comprises of tHsegnches in the Margalla hills with
the closest trace about 15 km of from Islamabagli(é 1.1). 8 October 2005 earthquake
M7.6 near Muzaffarabad demonstrates the importaficeismic hazard in the region.
The earthquake struck about 100 km northeast afmiabad caused thousands fatalities
and serious structural damage. Mainly the damageowmacentrated in the mountainous
epicentral region. Significant damage also tookc@lan sediment site in Islamabad and
Rawalpindi (Yong, 2008). This was another reasoteitide on a survey of site effects in
Islamabad.
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Figure 1.1:Map of Northern Pakistan showing the main defororeti in the region {Hazara thrust fault
zone (HTFZ), Main boundary thrust (MBT) and Purfdlairabad fault (PKF)} (Yong, 2008)



During 2005 Kashmir earthquake a multi story buitgdcollapsed completely resulting in
loss of lives and property as shown in figure In2this study attempt has been mad to
see the reason (damage of multistory buildingh&dontext of site response. No studies
of local siteeffects have been conducted earlier. Thereforesardy of local site effects

will contribute to reduce the disastrous effecteafthquakes in this region.

. = S : -—— =
Figure 1.2:- View of collapsed Margalla Tower Iskdpad, Pakistan (Google earth).
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1.2 The city of Muzaffarabad (Capital of Azad Jammuand

Kashmir Pakistan)
Muzaffarabad is capital dzad Jammu and Kashmand situated at the junction of two

rivers (Jhelum and Neelam). Muzaffarabad city cosgpra mixture of old and new

buildings standing on the banks of Neelum.

The northern area of Pakistan has been a site wleraus devastating earthquakes
possessing moderate to high intensity. An earthguwaih magnitude M 7.6 occurred in
the northeastern part of Himalayan Fold and thibedt on October 8, 2005 at local time
08: 50 : 38 (USGS). The epicenter of the earthquake in the Neelum valley, 19
kilometer from the capital of Azad Kashmir (Muzatibad) in northeast. Most affected
cities are Muzaffarabad, Bagh, Balakot, Mansehagi&m, Abbotabad and Islamabad
in Pakistan and the adjacent parts of Indian Kask{Mobnalis, 2006; Hussain et al.
2008). This was the largest historic earthquakéndns —Kohistan Seismic Zone (IKSZ)
figure 1.3.This was the prime reason to study tiwallsite effects in this city. As the city

was completely demolished during Kashmir earthqua®es.
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Figure 1.3:- The Muzaffarabad earthquake (Octob085) rupture zone seen in the context of otteyel
earthquakes on the Himalaya Main Boundary Thru®TM(after Avouact al., 2006)

11



The main objective of the present study is twodold
The first part concerns the comparison of reassessai the seismicity of the area. PMD
seismic network data was relocated and comparddiatgrnational data from PDE. ISC

Data compiled from http://www.isc.ac.uk and seismicity map from

http://earthquake.usgs.qgov/regional/world/pakisaishicity.php and used. Common

earthquake detected by both (PDE and PMD seisniwank) were relocated using
SEISAN software (Havskov, 2008) and compared. Hawrethe final results were also
evaluated in the context of the general tectonfd8akistan and surrounding areas. The
intension is to obtain better epicenter locatiomagnitude and compare the efficiency of
the local seismic network (PMD) with internatioagency.

Second part focuses on local site effects in twesiof (Islamabad and Muzaffarabad)
Pakistan.One of the objectives of the present study wasind éut if a part of the

observed damage in the study area was due todieadffects.

The assessment of the local site effects in bdtlsclslamabad and Muzaffarabad was
conducted by using an empirical technique (Nakami®89;, 2000) based on ambient
seismic noise measurements. Two data sets welecteal for the two cities and
analyzed by using the analysis procedure and sddtwiaveloped by the SESAME
project (Bard et al., 2004; Atakan et al. 200402oller et al., 2004)

In this study maps showing spatial distributiortled fundamental site frequency and the
amplification factor for the two cities generatdthese gave better understanding for the
local site conditions in the study area and infieenf the connection between them and
local geological settings and topography. The major is better understanding for the

local site conditions in the two cities under invgeation.
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2 Seismicity and Tectonics

2.1 Geological Settings
Pakistan extends Southwest to Northeast from lddit?d°® N to 37° N and West to East

from Longitude 60° E to 75° E (Ahmad, 2006).

Seismicity and local site effects are directly rethto geological settings of the area.
Therefore, geological settings of Pakistan andutsoundings has been discussed.

As it is well established that the geological sefsi and topography are two main reasons
to give a site effect. Looking into this, it is iogpant to give geological description of the
study area (Islamabad and Muzafarabad). In thipteha short overview of the area in
broad spectrum (General geology of Pakistan andwsadings) is given and then focus
on the two cities and their surroundings where nlag®ns have been taken during the

field work for this study.

It is illustrated as much as possible the geoldgioaditions which are observable in the
area under investigation and its surroundingsthis way a better understanding about
the geology of the cities has been covered, aadgtdirect relation with the geological

evolution of the area. Here, in this study speattdntion to the sediments which amplify
the most seismic waves due its low acoustic impeeldias been given for the estimation
of local site effects. Also, it is well known thiiese are the Quaternary sediments.

General geological overview of Pakistan and surrouting areas

The breakup of Gondwana during Mesozoic gave lirttihe Indo-Pakistan plate, which
began its travel towards the Eurasian plate attabé@d Million years. The drift and rift
resulted into folds and crumbles in the sedimentdrgta and the resultant structure
produced two major basin during Jurassic time, twrace named as Indus basin and
Balochistan basin, having completely different é@at and sedimentary environments,
(Kazim and Jan 1997, Kearey and Vine, 1996)

13



The geological framework of the area surroundingid®an has two broad geological
partitions namely the Gondwana and Tethyan dom&éhe southeastern portion of
Pakistan fits in to Gondwana domain and is uphgldh® Indo-Pakistan crustal plate.
The northern most and western parts of Pakistaomigetlo Tethyan domain and present a
composite geology and crustal formations. Pakistay be divided in to large tectonic
zones on the basis of plate tectonic settings ¢ggedl structures, organic history i.e. age
and nature of the deformation, magmatism and metamsm and lithology) of the area.
These major lithotectonic units from north to sowte as shown in figure 2.1

(http://www.gsp.gov.pk/paksitan/tectonics zones.html

» Karakorum Himalaya Crystalline Thrust Zone

* Himalaya Fold bet

* Monoclinical zones

» Burried Ridges

* Bela Chaman Kuram Fault zones and opholite Belt
» Suleman Fold Belt

* Fore deep

* Zones of Upwrap

» Zones of downwrap and Plateform slope

» Foredeeps

* Chagal Volcanic arc and Cole-Alkaline Magmatic belt

* Makran Flysch basin
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Figure 2.1:- Tectonic zones of Pakistan. (Courtdsgeological Survey of Pakistan)

The continent-continent collision responsible toe formation of the Himalayan Ranges
began in the middle to late Eocer=56 Ma), in association with late Cretaceous-
Cenozoic spreading along the Carlsberg-southealaninOcean Ridge. The onset of
collision and sea floor reconstructions indicateowib2,000 km of subduction has

occurred between India and Eurasia. (Kazim and1®87; Kearey, and Vine, (1996);

Molnar and Taopponier, 1975; Klootwijk 1992)

The collision zone has been studied intensely el&tashmir, where sub-divisions of
the Himalayas (from north to south- the Tethyan &lagas, High Himalyas, Lesser
Himalayas, Sub-Himalayas, and Gangetic foredeepbased on structural, stratigraphic,

and morphological criteria. In the Central Himalsyydour major structures- Indus-
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Tsangpo suture, Main Central Thrust (MCT), Main Bdary Thrust (MBT), and Main
Frontal fault-bound these sub-divisions as showiigure 2.1. However, these structures
and sub divisions are not clearly traceable aratedHazara-Kashmir syntaxis (Kazim

and Jan 1997 and the reference there in).

In Northern Pakistan the Himalayan trend is divided four major sub-divisions.

North of the Main Karakoram thrust lie the Karakaranges and Hindu Kush, terrains
of the Gondwana affinity sutured to Eurasia inldéte Triassic to middle Jurassic. South
of the Main Karakoram Thrust (MKT) and north of thiain Mental Thrust (MMT) lies
the Kohistan Block, a terrain believed to have fednas an island arc which blocked the
Eurasia during the Late Cretaceous to Early EocBaath of the MMT and north of the
MBT are the low ranges of Swat, Hazara and Kashaodrresponding to the Lesser
Himalayas of India. The MMT locked approximatelylbyMa (Pennock, et al., 1989). In
the latest phase in Pakistan, thrusting transfeiwdtie Salt Range thrust and sediments

overlying the Punjab Plain are deformed (Kazim dawl 1997 and the reference there in)

2.2 Geology and structure of Potwar Plateau
Islamabad city lies in Potwar platue. Therefor@rstescription of geology and structure

is added. Potwar Plateau has a rugged topograpiohwvias a typical chain of parallel
crests and valleys, usually trending east-westtioe. Geologically, it is a part of the
intensely deformed foreland zone of the northweshdthyan Fold-and-Thrust belt
(figure 2.2-2.3) (Moonalisa, 2004).

Due to intense deformation, there is formation omplex structures. Structurally the
plateau comprises of
* The Northern folded zone

* The platform zone

The northern part of Potwar Plateau, also refetoeds the Northern Potwar Deformed
Zone (NPD2Z), lies between the MBT and the Soan [Bymc The intensity of

16



deformation is more than the southern Potwar aadstit Range. The plateau is covered
by fluvial sediments. The Siwalik rocks, however eestricted to the platform zone. The
MBT, Salt Range thrust, Kurram and Khairi Muratusirfaults and Jelum and Kalabagh
faults are the major faults of the Potwar areawBoPlateau is characterized by east west
trend.The NPDZ is marked by east west trending smdah vergent tight folds which
imbricate style of south ward directed thrusts (sllaza 2004; Kazim and Jan, 1997).

2.2.1 Tectonics Boundaries Potwar Plateau
Potwar Plateau is bounded on two sides by thrustsvao sides by strike slip faults which

are tectonically controlled. Northern and southawandaries of Potwar Plateau are marked by
MBT and Salt range thrust (SRT) respectively, whdstern and western boundaries are marked
by left lateral Jhelum Strike Slip Fault (JF) aigthtrlaterals Kalabagh Fault (KBF). All tectonic
boundaries (figure 2.3). The northern boundary ofvBr Plateau, marked by MBT is
characterized by thrusting of older sedimentagtatiThe hill ranges of Margalla and Kalachitta
have been developed as a result of thrusting oMBi€. Like other areas MBT in Potwar
Plateau represents a zone of more or less pagalflywest trending thrusts which tend to merge
into each other both sides. Salt range thrust ($Ra&)folded thrust, and is one of the frontal
thrust zone of the Himalayas. Western boundaryabivé® Plateau is not very sharp. In its
northern part the thrusts of NPDZ are continued-wasds into thr Kohat Plateau while in the
southern part the KBF marks the western boundaPptar Plateau. Kalabagh fault has been
recognized to be a right lateral trench fault. Mogat along Kalabagh fault may have resulted
from either extensional release of stress in trexitbn perpendicular to the main stress or due
to differential stress across the KBF (Kazim amal 1897).
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2.3 Hazara-Kashmir Syntaxis (HKS)

Kashmir earthquake 2005 occurred in HKS, whiclecent disastrous earthquake in the
study area. Therefore, description of HKS is giireshort.

In the northern area of Pakistan between MirpurMuogaffarabad and further to the north and
northeast, the geological formations and wider agoél structures of Himalayas make an
unexpected hairpin bends “as if they were bentdaucentral point obstructing them which
was described in detail by Wadia (1931) who gawe rthme as North-West Himalayan
Syntaxis. Many authors have given different naniles Punjab Orocline (Carey 1958),
Abbotabad Syntaxis (HSC 1960), and Western Himal&ntaxis (Gansser 1964,) Hazar
Kashmir Syntaxis (Calkins et al: 1975) etc. Sevezaént authors referred it as the Hazara-
Kashmir Syntaxis (Kazim and Jan 1997).

In the Kashmir region HKS is significant which wiasmed as a result of change in the
Himalayan thrust interface direction from northteéad<ashmir to north-west along the Indus.

The MBT and Punjal Thrust are folded around systaxid are subject to 90° rotation from

one side to the other. The MBT, Punjal thrust andz&ffarabad thrust are shortened by the
active Jhelum fault. (Baig and Lawrence, 1987).

Tectonically HKS is complex zone. Its axial zoneléfined by a pile of thrust faults which
makes a circle around its axis. The axial zond®HKS is north northwest oriented which is
largely covered by the Murree formation (OligoceéoeMiocene). Near Muzaffarabad the
sedimentary rocks are exposed in an anticline, lwliccross folded, upturned and thrust
southward along Muzaffarabad fault. The north oflakat, the axis of HKS bends
northeastward and continues into Kaghan and fuititer Nagaparbat- Haramosh region,
where it is known as Naga Parbat syntaxis (Kazich dan 1997 and the reference there in;
Coward, 1985).

The HKS region can be divided into three major slons with respect to the tectonic
setting, the sub- Himalaya, the Lesser Himalay tnedhigher Himalaya. Detail is not

needed in this study.
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2.4 Recent deposits and their Geotechnical characistics in

Islamabad
Islamabad Rawalpindi metropolitan area lies betweagitude 72.75°E and 73.5°E and

latitude 33.5°N and 33.83°N. Quaternary deposite ##ctonically deformed. A
complicating aspect to estimate potential seisnacekeration in Islamabad area is
abnormality of bedrock surface buried underneathQlbaternary silt and gravel. Capital
Development Authority test hole in Islamabad wemtotgh more than 140 m of
unconsolidated gravel and clay without getting bekr Commonly Bedrock depth is
more than 100m if Rawalpidi and Islamabad arearmleded. In case of Islamabad area
the depth of the bed rock is quite small accordmgrevious study (CDA hydrological
test hole 6 bed rock is at 2 m and water table .Ungonsolidated deposits can amplify
the earthquake shocks. The unconsolidated eolignsech as components of potwar
clay, may collapse and liquefy if the ties betwé#w®n grains are damaged .General terrain
in Islamabad and Rwalpindi area is plains and naoats. There is Nala carries most of
the liquid waste from Islamabad and rainy waterawhs passing through the study area
(Environmental study report of Islamabad-Rwalpibgi Igbal et al.). Generalmposite
stratigraphyof the Islamabad-Rawalpindi area is given in fig@&& and the Physical
properties of geological materials in Islamabad-Blamdi area are given table 2.2

(Environmental geology of Islamabad and Rawalphdia by Igbal et al).

William et al. (1999) classification of the lith@g of Rawalpindi and Islamabad is
similar as the lithology is shown in figure 2.4.

The accumulation of silt and gravel takes placeahat foot of Margalla hills, which
spreads and fills the wide plains of low relief. eDto dry climate of Islamabad, well
developed soils are very rare (Yong , 2008).

For soil response study we are more concern allmutupper most part of the crust
(Quaternary) which can amplify due to incoming lkequiake shock.

Capital Development authority (CDA) Islamabad hydgical test holes which are close
(CDA 06-31m from observation point ISB065 and 48ram ISB063, and CDAO8- 430
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m from ISB 44, 50 and about 500 m from ISB 45 ¥tiody area. The lithology of the

hydrological test holes (100 m) is given in tablé Below and shown in figure 2.4

DRI
A ALY
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i LIALIT
Q;‘-.\“L LAALAR

........

CDA21 CDAOE€
LITHOLOGY CERI
Feet Meters
— 0  —y—
— clay
EN-ID 400 =t
CLAY AND
EOME GRAVEL
GRAVEL AND — 30
SOME CLAY
= WATER TABLE 200 —
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s e
)] SANDSTONE — 100
400 —

Figure 2.4:- CDA Hydrological Test holes- Litholog§the two holes drilled by the near the
observation sitdSheikh et al.- Environmental geology of Islamabad Rawalpindi Area).
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Cda06
Bed rock at 2m and
water table 7m

CDAO08
Bed rock at 2.1m
and water table 4m

CDA21
Bed rock at 133.3m
and water table 3m

Shales+Clay Shales Shales+Clay
Sand stones Sand stones Gravel
Shales+Clay Shales+Clay Shales+Clay
Sand stones Sand stones Gravel
Shales Shales Shales
Sand stones Sand stones Gravel
Shales+Clay Shales Shales+Clay
Sand stones Gravel
Shales+Clay Shales+Clay
Sand stones Gravel
Shales+Clay Shales
Sand stones Shales+Clay
Shales+Clay Gravel

geology of Islamabad and Rawalpindi Area).

Table 2.1:- The Lithology of Hydrological test heleear the study arg@heikh et al.- Environmental
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Generalized Composite stratigraphic section of abasted rocks in the Islamabad-
Rawalpindi area

STRATIGRAFHIC
AGE THICKMNESS LITHOLOGY UNIT
Iin meiers|
/e — 0 Lei Conglomerate
Soan Fermation
Pliocena <
Dhok Pathan Formation
1,000
Magri Formation Siwalik Group
2,000
Chinji Formation
3,000
4,000
Kamlial Formation
Miocena <
5,000
Rawalpindi
Group
E,000
Murree Formation
7,000
Kuldanz Formation ]
lowar §,000 Chorgali Formation o Cherat
Eocens Margalz Hill Limastone e Group
Patalz Formatio I
Palaocans anihaalr'. Ll;ﬂr;as:lz:a - Mika Sl
F and Hangu Farmation Areng
Crataceous ¢ [umshiwal and
Jurassic Chichali Formations ] Surghar
Samana Suk Formation Group

Figure 2.5:- Generalized Composite stratigraphatise of consolidated rocks in the
Islamabad-Rawalpindi ar§dSheikh et al.- Environmental geology of Islamabad

Rawalpindi Area).
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Physical properties of Geological materials in Islmabad-Rawalpindi

area
Property | Sand stone | Mud stone | Gravel | Sand | Silt pluslay
Water content (Weight %)
Average 8.90 7.73 5.70 7.07 15.19
Maximum 15.12 12.8 8.70 13.67 29.20
Minimum 1.40 2.40 4.59 4.65 1.74
No. of samples 6 6 8 25 11
Dry bulk density (%m3)
Average 1.79 1.97 1.69 1.62 1.64
Maximum 2.52 2.45 2.0 1.69 2.00
Minimum 1.42 1.47 1.56 1.53 1.40
No. of samples 8 6 8 25 8
Porosity (%)
Average 40.21 39.86 37.85 38.32 41.82
Maximum 42.19 42.63 39.39 40.44 43.22
Minimum 38.13 38.11 37.43 36.41 39.92
No. of samples 5 3 7 25 3
Permeability (darcies)
Average 1.62 1.51 8.64 1174 0.20
Maximum 5.36 2.37 20.51 30.61 0.44
Minimum 0.14 0.69 0.32 0.38 0.04
No. of samples 5 3 8 25 3
Silt+Clay contents (%)
Average -- -- 4.78 9.20 80.50
Maximum -- - 18.00 35.20 99.00
Minimum -- -- 0.00 1.40 40.50
No. of samples -- -- 13 37 14
Liquid limit (% water)
Average -- -- 20.00 31.00 33.70
Maximum -- - 21.00 35.00 40.00
Minimum -- -- 19.00 25.00 23.00
No. of samples -- - 2 4 10
Average --
Plastic limit (% water)
Average -- -- 14.50 20.75 21.00
Maximum -- - 15.00 24.00 26.00
Minimum -- -- 14.00 17.00 16.00
No. of samples -- - 2 4 10
Plastic index
Average -- - 5.50 10.25 12.70
Maximum -- - 6.00 13.00 20.00
Minimum - - 5.00 6.00 7.00
No. of samples -- - 2 4 10
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Property | Sand stone | Mud stone | Gravel | Sand | Silt pluslay
Consolidation: Void ratio (%)
Average -- -- -- -- 0.603
Maximum -- - -- -- 0.650
Minimum -- -- - -- 0.570
No. of samples -- -- -- -- 3
Compression index
Average -- -- -- -- 0.15
Maximum -- - -- -- 0.20
Minimum -- -- - -- 0.10
No. of samples -- -- -- -- 3
Direct shear: Cohesion (kg/cm2)
Average -- -- -- -- 0.29
Maximum -- - -- -- 0.30
Minimum -- -- - -- 0.28
No. of samples -- - - - 2
Angle of friction (deg)
Average -- -- -- -- 11.50
Maximum -- - -- -- 18.00
Minimum -- -- - - 5.00
No. of samples -- - - - 2
Unconfined compression: Unconfined compressive simgth (kg/cm?2)
Average 109.50 31.96 6.20 - 2.41
Maximum 315.00 90.27 6.20 -- 8.40
Minimum 6.00 1.09 6.20 - 0.60
No. of samples 3 3 1 -- 5
Strain at failure (%)
Average 0.95 -- 1.20 -- 5.12
Maximum 1.00 - 1.20 -- 9.10
Minimum 0.90 -- 1.20 - 1.40
No. of samples 2 -- 1 -- 5
Point load (kg/cm?2)
Average 57.50 41.50 -- --
Maximum 57.50 63.00 - -
Minimum 57.50 14.00 -- --
No. of samples 1 3 -- --
Organic matter content (%)
Average -- - -- 0.04 0.59
Maximum -- - -- 0.05 1.83
Minimum -- - -- 0.01 0.16
No. of samples -- - -- 5 6
Sulfate (%)
Average -- -- -- 0.001 0.039
Maximum -- - -- 0.001 0.114
Minimum -- -- - 0.001 0.001
No. of samples -- -- -- 5 6
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Property | Sand stone | Mud stone | Gravel | Sand | Silt pluslay
Sodium chloride (%)
Average -- -- -- 0.002 0.047
Maximum -- - -- 0.005 0.137
Minimum -- -- - 0.001 0.002
No. of samples -- -- -- 5 3
Total dissolved solids (%)
Average -- -- -- 0.091 0.446
Maximum -- - -- 0.21 0.748
Minimum -- -- - 0.65 0.175
No. of samples -- -- -- 5 4
pH
Average 6.5 -- 7.6 -- 7.0
Maximum 6.5 -- 7.6 - 7.0
Minimum 6.5 -- 7.5 -- 7.0
No. of samples 1 -- 2 -- 2
California bearing ratio unsaturated
Average -- -- -- 38.23 --
Maximum -- - -- 57.40 --
Minimum -- -- - 15.20 -
No. of samples -- - - 6 -
California bearing ratio saturated
Average -- -- -- 18.92 --
Maximum -- - -- 38.10 --
Minimum -- -- - 6.60 --
No. of samples -- -- -- 6 --
Optimum moisture content (%)
Average -- -- -- 10.28 15.87
Maximum -- - -- 10.81 16.60
Minimum -- -- - 8.71 15.00
No. of samples -- - - 4 3
Maximum dry density (gm/cm3)
Average -- -- -- 2.33 1.82
Maximum -- - -- 3.08 1.86
Minimum -- -- - 2.08 1.78
No. of samples -- - - 4 3

Table 2.2:- Physical properties of Geological matsiin Islamabad-Rawalpindi aré®heikh et al.-

Environmental geology of Islamabad and Rawalpincig).
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2.5 Recent deposits and geotechnical characterisiof

Muzaffarabad
The objective of text is to evaluate the importphysico-mechanical characteristics of

Muzaffarabad Azad Kashmir area. Keeping in mineéehiactors which are necessary for
the soils for geotechnical or construction purpose.

» The engineering properties of the material

» The stratification of the soil

» Prediction of the performance of the structure
Khan, et al. (1989) studied the small holes, hoamyr structures and fabric of the soils
along the road from Muzaffarabad to Kohala andhentop of the soil bed in land slide
areas. The joints, cracks and other discontinuesfiled with silty and sandy clay.
Thicknesses of the beds of the soils are 200 tod@dd composed of silt, clays, pebbles
and cobbles compacted in a clayey matrix. In thedhei of the bed lenses of the sands,
silts and silty clay are marked. A generalizedtgjraphic sequence of Muzaffarabd-
Kohala area is given in table 2.3. For site respdhe emphasis is on the upper most part
of the crust (recent and sub recent deposits asioned in table 2.3). According to soil
study of the area the recent deposits are rivepgiey) gravel, sands, silt and clayey
material and sub recent deposits are lacustrin@sitsp light brown, soft calcareous
clays, Quaternary with thin silty intercalationgy(fre 2.6, 2.7).
Difference of height between figure 2.8 upper angdr is about 14 m.
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Figure2.7: - land slide picture (Height is about)5m
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Figure 2.8: -The height difference between the twaper and lower) figures is about 14m.
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A general Stratigraphic sequence of Muzaffarabad-Khala area

Formation Lithology Age

Surficial Deposits River deposits, gravel, sands, siltand | Recent
clayey material

Lacustrine deposits, light brown, soft
calcareous clays, Quaternary with thin | Sub-recent
silty intercalations

Disconformity

Murree Formation Purple red greenish Grey stone, SiltstoneMiocene
mudstone, and subordinate
intraformational conglomerates

Disconformity

Margalla Hill Lime stone | Fine to coarse, dark grey, thin to thick | Eocene
bedded, massive, hard and compact
limestone with subordinate shales.

Disconformity (Bauxite/Laterite)

Abbottabad Formation | Fine grained dolomite and cherty dolomit€ambrian

Hazara Formation Fine grained, dark gray, thin to thick Precambrian
bedded, highly fractures and sheared slates

Table 2.3:- A general Stratigraphic sequence of &ffazabad-Kohala area (Khan et al., 1989).

The structure of the Muzaffarabad-Kohala area @adibided in to three groups. Wadia
(1931). We are only concern with structure in Miematbad without going in detail of
complete study area (Khan, et al., 1989).The mafoucture in Muzaffarabad is
asymmetrical anticline in the east of Muzaffaraljadper. The anticline trend is
approximately northwest-southeast. The asymmetaicttline is thrusted over the older
slate series to the west and southwest.
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It has been observed by comparing laboratory ded 8tudies that the cohesion in the
soils of Muzaffarabad proper, Chattar, Jalalab@geu plate Dulai and Bagna is less than
Rara and Kohala landslide. The results obtainedisiesl in table 2.4-2.6.

Stress and strain relationship of soils of Muzaffaabad-Kohala area

Field description| Total Stress PSI  Strain at Failur Angle of Friction
Disturbed M-1. 35.2 145 16°
Samples M-2. 60.5 14.0
Samples M-3. 86.9 14.5

Table 2.4:- Stress and strain relationship of sufilsluzaffarabad-Kohala area (Khan et al. 1989).

Hardness of the soil

PSI PSI
Hard samples M-1 35 100
M-2 20 80
M-3 30 95
Wet samples
K-1 10 35
K-2 05 20
K-3 02 04

Where M stands for Muzaffarabad

and K- for Kohala
Table 2.5:- Hardness of the soil (Khan et al. 1989)
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Bearing Capacity of soils of Muzaffarabad-Kohala
S.No Number of In situ condition Allowable bearing capacity

blows tons/SFT

M-1 2 Very loose 0.30
M2 4 Soft 0.30-0.60
M-3 8 Medium 0.60-1.20

Stiff 1.20-2.40
K-1 15 Very stiff 2.40-2.80
K-2 30 hard 7.40-8.00
K-3 730

Table 2.6:-Bearing Capacity of soils of Muzaffardtéohala (Khan et al. 1989).

2.6 Seismicity and Tectonics of Pakistan

Pakistan and its neighboring countries has expeggenhigh rate of recurrence of
earthquakes which in some cases resulted in grsgaiof life and destruction like, Quetta
1935 M7.4, Pattan 1974 M6.0 and Kashmir earthqzakd, M7.6.

The earthquake activity in Pakistan and surrourglizugas is due to collision of Indian
plate with Eurasian plate. Figures 2.9 and 2.1@vshibe earthquake activity over last 16
and 41years respectively and reveal how the mafmrohational regions are confined to
the mountain areas. Major fault zones have beentifael by the Pakistan Geological
survey of Pakistan shown in figure 2.11. Figurer@&nly shows the shallow earthquake
activity, while Hindukush, Pamir and Karakoram ahestrated by the deep and
concentrated earthquake activity. Hindukush andiPisnone of the most seismic active
areas in the world. The Himalaya and Sulaiman eedlege front and backward parts of
the major collision zone. It is also clear fromgure 2.11 that how the Chaman fault
meets with Heart fault and in Pamir region, whérese structures curves eastward and
break into Karakoram and Altayan tagh fault systeffiectonic map of Pakistan-

Geological survey of Pakisan).

The northwest Himalayan fold and thrust is one bé& tmost seismically active

intercontinental regions in the world. This comptegtonic situation has been producing
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several destructive earthquakes in the area (Ifdikistan, Iran, Afghanistan and Tibet).
(Monalisa et. al. 2005) as it can be seen in fig@e2.10 too.

The whole area of Pamir and its surroundings is@ive seismic zone. It is due to the
northward penetration of Indian plate into Asia ebhicauses the shortening and
thickening of the crust as a result of this prodégsseismicity is produced in the region
Lithospheric slabs are being underthrust beneathPRamir and Hindukush which is
believed reason for these earthquake occurrend¢esdépth of intermediate earthquake
zone reaches to 300 km in Hindukush region (figu#d. High seismic wave velocity has
been observed in the region of intermediate deptthe seismic region. Low P and S
wave velocity in the upper 200 km of the mantleselto Hindu Kush suggesting that not
only the mantle but also the continental crust bagn subducted until 150 km

(http://www.gsp.gov.pk/HindukushRegion.htm).

3= Tdumo

Seismicity of Pakistan, 1990 - 2006

Figure 2.9: - Seismicity map of Pakistan
(http://earthquake.usgs.gov/regional/world/pakisaishmicity.php
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Figure 2.10: - Seismicity map of Pakistan and aurding areas (blue line is coastal line of Pakitaith
ISC data (1965-2006)

Coastal region of Pakistan consists of plains afttsern Sindh province and Makran
coast in the west. The coast line of Pakistan akmadpian sea is about 1050 km,

The coastal area of Pakistan contains Karachi wlicthe largest industrial city and
backbone of the economic activities of the counffjnere are also other major
installations along the coastal line like fish habat Pasni and Ormara, Gwadar deep
sea port and Naval complex at Jiwani. The seisyidf the Makran area is
comparatively low with its neighboring regions, waihihave been devastated frequently
by large quakes (Jackob and Quittmeyer, 1979)adtthe history of great earthquake in
1945. The great earthquake occurred on Novembell @8, and generated destructive
tsunami in the northern Arabian Sea along the Makmast of Pakistan (Khan et al.,

2003), attp://www.drgeorgepc.com/Tsunamil945Pakistan.jitml
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Figure 2.11:-Major tectonics of Pakistan and sumthig areas (Geological survey of Pakistan).

There is transform fault zone (Oven Fault zoneAmbian Sea related with tectonic

boundary. It expands from Gulf of Aden in a norstedirection in the direction of

Makran coast where it goes into in Balochistan pros area. After this continues as a
land fault system known as famous Chaman faultesyst It starts from Kalat, passes
near Quetta city and continue to Afghanistan. I$ tize history of great earthquake
(Quetta earthquake 1935). Chaman fault has bede afsnfrequent moderate to large

earthquakes. Focal mechanism of 1975 earthquakesstedt lateral strike slip fault
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motion which in agreement with the geological fileddence (Quittmeyer et al., 1979,
Lawrence and Yeats 1979).

In addition other main thrust zones exit along Boda, Salt range and Kirthar ranges of
Pakistan. Karakoram Range is in the northeast kisRa close to Azad Kashmir which

is site for many devastating earthquakes like RaEarthquake (1974) and Kangra
earthquake (1905).

Sulaiman seismic zone is characterized by the @hadleismic activity of moderate to
high magnitude (5-7). In this zone there is higismeeity belt. In this high seismicity
belt several faults exist trending northeast, e@stt and northwest. The earthquake
activity in this region may be due to movementiofjke fault or may be due to seismic
activity similarly oriented on many faults. Anothieigh seismicity belt also exits in this
region. These high seismicity bands agree withdédéral active faults and lineament.
Fault pane solutions on few earthquakes from thggon show the strike slip faulting
(Kazim and Jan 1979 and the reference there injesh of Pakistan the seismicity is

relativity low.

2.7 Historical Earthquakes

Pakistan has the history of devastating earthqual8=ssmicity of the region is openly
related to the geo-tectonic processes. The hisdoe@rthquake catalogue (table 2.7) has
been compiled by the PMD. The historical databasmprises of fifty eight (58)
earthquakes from 25 AD to 1905. A few events hasenbadded from Quittmeyer and
Jacob, 1979. Database table provides the shortipiésec and estimates of maximum
intensity and the epicenter location map of histricatalogue is shown in figure 2.12
and 2.13 (PMD Hazard Report, 2007).

Date Lat (N) | Lon (E) Intensity Remarks

25AD 33.7 72.9 X TAXILA EARTTHQUAKE
The main centre of Budhist
Civilization at that time was turned
into ruins. Epicentre of the
earthquake was around 33.7 N, an

o
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Date

Lat (N)

Lon (E)

Intensity

Remarks

72.9E. Maximum documented
Intensity was X.

50 A.D

37.1

69.5

VIILIX

AIKHANUM EARHQUAKE
Epicentre of the earthquake was
around 37.1 N, and 69.5E.

Maximum documented Intensity was

VIII-IX . Caused extensive damage
in Afghanistan, Tajikistan and
N.W.F.P and was felt upto N.India.

893-894AD

24.8

67.8

VX

DABUL EARTHQUAKE
Epicentre of the earthquake was
around 24.8 N, and 67.8E.
Maximum documented Intensity wa
VIII-X. An Indian ancient city on
the coast of Indian ocean was
completely turned into ruins. 1,
80,000 people perished.

1052-1053

32.85

69.13

VII-IX

URGUN; Quittmeyer aatob,
1979

June 1504

34.5

69.0

VI-VII

Quittmeyer and Jacoly 99

6/7/1505

34.6

68.92

IX-X

Paghman; Quittmeyer arabba
1979

6/7/1505

34.6

68.9

VI IX

HINDUKUSHEARTHQUAKE
Epicentre of the earthquake was
around 34.6 N, and 68.9E.
Maximum documented Intensity wa
VIII-IX. It was an immense
Earthquake causing famine and
extensive damage & loss of life in
Afghanistan.

1S

1S

3/1/1519

34.8

71.8

VI-VII

JANDOLVALLEYEARTHQUAKE
Jandol valley was severely rocked,
Epicentre of the earthquake was
around 34.3 N, and 71.8E.
Maximum documented Intensity
wasVI-VII.

May 1668

24.8

67.6

VIII-IX

SAMAJI OR SAMAWANI
Town of Samaji or Samawani sank
into ground. 80,000 houses
destroyed. Epicentre of the
earthquake was around 24.8 N, an
67.6E. Maximum documented

Intensity was VIII-IX.
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Date

Lat (N)

Lon (E)

Intensity

Remarks

4/6/1669

33.4

73.2

VI-XI

MANDRA EARTHQUAKE
Epicentre of the earthquake was
around 33.4 N, and 73.3E.
Maximum documented Intensity wx
VIl .

22/6/1669

34

76

VI-VII

Kashmir eq. Quittmeyer aratdb,
1979

23/6/1669

33.87

72.25

VIII-IX

Attock Earthquake; i@uoneyer and
Jacob, 1979

1780

34

76

V-VII

Kashmir; Quittmeyer and Jacob,
1979

16/6/1819

23.3

68.9

IX-X

RUNN OF CUTCH

It reduced to ruins.2000 people die
Epicentre of the earthquake was
around 23.3 N, and 68.9E.
Maximum documented Intensity wx
IX-X.

S

1S

24/9/1827

31.6

74.4

VII-IX

LAHORE EARTHQUAKE
In this earthquake the fort kolitaran
near Lahore was destroyed.About
1000 people perished.A hill shaker
down into river Ravi.

N

6/6/1828

34.1

74.8

KASHMIR EARTHQUAKE
In this earthquake 1000 people dig
and 1200 houses destroyed.

o

1831

31.75

70.35

VII-IX

Daraban; Quittmeyer andala
1979

1831

33.5

72.0

IV-VII

HINDUKUSH EARTHQUAKE
It was severe earthquake felt from
Peshwar to D.G Khan Maximium
documented Intensity was VIl at
Peshwar VI at Srinagar and 1V at
D.G Khan.

22/01/1832

36.9

70.8

VIII-IX

HINDUKUSH EARTHQUAKE
It was severe earthquake Which
rocked Afghanistan, Northern and
central parts of Pakistan and NW
India.Maximium documented
Intensity was VIII-IX at
Kalifjan,Jurm,Kokcha Valley,and V
at Lahore.

21/2/1832

37.3

70.5

VII-IX

HINDUKUSH EARTHQUAKE
The epicenter of this earthquake w

as
e

in Badakhshan Province.Earthqual
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Date

Lat (N)

Lon (E)

Intensity

Remarks

felt at Lahore and NW India.

26.1 1840

34.53

69.17

VI-VII

Kabul; Quittmeyer adacob, 1979

19/2/1842

34.3

70.5

VIII-IX

HINDUKUSH EARTHQUAKE
Epicentre of the earthquake was near
Kabul .Maximium documented
Intensity was VIII-IX Alingar
valley, Jalalabad and Tijri and VI-
VIl at Teezeen and VII-VIII at
Budheeabad.The earthquake was felt
from Kabul to Delhi Over an area qf
2,16,000 sqg.miles.Jalalabad and
Peshawar damaged,.

19/6/1845

23.8

68.8

VII-VII

RUNN OF CUTCH
Documented epicentre of this
earthquake was lie between 23.8 N
68.8 E, and Maximium intensity wgs
VII-VIll.Lakhpat was badlt effected

17/1/1851

32.0

74.0

VI-VIII

PUJAB PLAIN EARTHQUAKE
Maximium Documented intensity
was VIII ,and VI-VII at Wazirabad
,Ferozpur and Multan,VI at fort
Munro. Quittmeyer and Jacob, 1979

19/4/1851

25.1

62.3

Vi

GAWADAR EARTHQUAKE
Epicentre of the earthquake was
around 25.1 N, and 62.3E.
Maximum documented Intensity was
VIl at Gwadar.Another earthquake
of same intensity occurred on'®5
July,1864 at Gawadar.

24/1/1852

34.0

73.5

VIii

MURREE HILLS EARTHQUAKE
Epicentre was in Murree hills and
Kajnan about 350 people
died.Maximium Documented
Intensity was VIII.

1862

29.88

69.22

VIli

Kohu Valley; Quittmeyer aratadb,
1979

10/7/1863

34.08

74.82

VI-VII

Srinagar, Also feltliahore;
Quittmeyer and Jacob, 1979

25/7/1864

25.12

62.33

VI-VIII

Gwader; Quittmeyeidaiacob,
1979

22/1/1865

34.00

71.55

V-VII

Peshawar, Quittmeyet dacob,
1979

29.2

68.2

Vi

LAHRI EARTHQUAKEThe
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Date

Lat (N)

Lon (E)

Intensity

Remarks

1867

epicentre of earthquake was aroun
29.2 N,68.2 E, Maximium
Documented Intensity was VII at
Lahri.

10/11/1868

32.5

71.3

VIII

BANNU EARTHQUAKE
The epicentre of earthquake was
around 32.5N,71.3 E. Maximium
Documented Intensity was VIl at
Bannu.

11/8/1868

34.0

71.6

VII-VIII

PESHAWAR EARTHQUAKE
The epicentre of earthquake was
around 34.

ON,71.6E,near Peshwar. Maximiun
Documented Intensity was VII-
VIll.Another earthquake same
Intensity Occurred same place in
April 1869.

24/3/1869

32.92

73.72

V-VII

Jehlum, Quittmeyer dadob, 1979

April 1869

34.0

71.55

VII-VIII

Peshawar, Quittmeyand Jacob,
1979

20/12/1869

33.6

73.1

VII-VIII

RAWALPINDI EARTHQUKE
The epicentre of earthquake was
around 33.6N,73.1E. Maximium
Documented Intensity was VII-VIII
at Rawalpindi,V-VI at Lawrancepur
and Attock. It caused cracks in wal
in many houses at Rawalpindi.

Is

April 1871

34.0

76.0

VII-VIII

KASHMIR EARTHQUAKE

The epicentre of earthquake was
around 34.0N,76.0E,in Kashmir.
Maximium Documented Intensity
was VII-VIII. It was also felt with
Intensity VI at Rawalpindi and
Murree.

20/5/1871

36.9

74.3

VII-VII

GILGIT EARTHQUAKE
The epicentre of earthquake was
around 36.9N,74.3E,in former Gilg
agency. Maximium Documented
Intensity was VII-VIII. Quittmeyer
and Jacob, 1979 claim that this ev¢
occurred 22 May.with coord. 35.92
and 74.32

—

14
>
—

"

15/12/1872

29.2

68.2

IX-X

Lehri, Quittmeyer andaacl979
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Date

Lat (N)

Lon (E)

Intensity

Remarks

18/10/1874

34.5

69.2

IX

KABUL EARTHQUAKE
The epicentre of earthquake was
around 34.5N,69.2E .Maximium
Documented Intensity was IX at
Kabul,Jabal-al-saraj and Gulbahar
and VIII in Kohistan area of
N.W.F.P.

12/12/1875

34.0

71.55

VII-VIII

LAHORE-PESHAWAR
EARTHQUAKE
The epicentre of earthquake was
around 31.6N,74.4E .Maximium
Documented Intensity was VII-VIII
at Peshawar and Lahore. Note:
coordinates from Quittmeyer and
Jacob, 1979

2/5/1878

33.58

71.4

VII-VII

KOHAT-PESHAWAR
EARTHQUAKE
The epicentre of earthquake was
between Kohat and Peshawar.
.Maximium Documented Intensity
was VII-VIII at Kohat and
Peshawar,VI-VII at Attock
,Abbotabad,Rawalpindi and
Jhelum,V-VI at
Bannu,Nowshera,Mardan,Lahore
and Simla.
Note coordinates are from
Quittmeyer and Jacob, 1979 who
also claim that the event occurred
March 1878

1883

28.08

66.08

Vi

Khalat; Quittmeyer and Jac@y,91

April 1883

34.0

71.55

VI-VII

Peshawar, Quittmey&dalacob,
1979

15/1/1885

34.08

74.82

VI-VII

Srinagar; Quittmeyedalacob,
1979

30/5/1885

34.1

74.8

IX-X

KASHMIR EARTHQUAKE
The epicentre of earthquake was
around 34.1N,74.8E .Maximium
Documented Intensity was IX-X in
the epicentral area.VIlI-1X at
Sopur.Gulmarg,Gingal and
Srinagar.VI-VII at
Punch,Muzzafarabad area.Extensi
damage was about 47 sg.miles
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Date

Lat (N)

Lon (E)

Intensity

Remarks

between Srinagar,Baramula and
Gulmarg.Total felt area was
1,00,000 sg.miles.About 3000
people parished and some villages
were completely destroyed.

6/6/1885

34.2

75.0

IX-X

KASHMIR EARTHQUAKE
The epicentre of earthquake was
around 34.2N,75.0E .Maximium
Documented Intensity was IX-X.

28/12/1888

30.2

67.0

VIII-IX

QUETTA EARTHQUAKE

The epicentre of earthquake was
around 30.2N,67.0E, at
Quetta.Maximium Documented
Intensity was VIII-IX.

1889

27.7

67.2

VIiI

JHALAWAN EARTHQUAKE
The epicentre of earthquake was
around 27.7N,67.2E at Jhalawan
.Maximium Documented Intensity
was VIII.

1890

30.4

68.6

Vi

LORALAI EARHQUAKE
The epicentre of earthquake was
around 30.4N, 68.6E .Maximium
Documented Intensity was VII at
Loralai.

20/12/1892

30.9

66.4

VIII-IX

CHAMAN EARTHQUAKE
The epicentre of earthquake was
around 30.9N, 66.4E near
Chaman.Maximium Documented
Intensity was VIII- IX at Chaman
and VIl at Sanzal. In this earthquak
great damage to
buildings,bridges,railoads and othe
structure etc.The earthquake was
caused by the movement of Cham
fault on the west bank of Khojak
range passing through the north w
railway between Shelabagh and
Sanzal.At Shelabagh the railway
station building was severly
damaged.

e

r

Aan

pSt

13/2/1893

30.2

67.0

VII-IX

QUETTA EARTHQUAKE
The epicentre of earthquake was
around 30.2N,67.0E .Maximium

Documented Intensity was VIII- IX
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Date

Lat (N)

Lon (E)

Intensity

Remarks

at Quetta.

25/11/1893

34.0

71.55

VI-VII

PESHAWAR-NOWSHERA
EARTHQUAKE
The epicentre of earthquake was
between Peshwar and Nowshera
.Maximium Documented Intensity
was VI-VII at both places.
Coordinates from Quittmeyer and
Jacob, 1979

1900

30.4

67.0

VIiI

QUETTA-PASHIN
EARTHQUAKE
The epicentre of earthquake was
around 30.4N, 67.0E .Maximium
Documented Intensity was VIII.

20/1/1902

35.9

71.8

VII-VIII

CHITRAL EARTHQUAKE

The epicentre of earthquake was
around 35.9N, 71.8E near
Chitral.Maximium Documented
Intensity was VII-VIII.

1902

30.6

66.8

Vi

GULISTAN-PASHIN
EARTHQUAKE
The epicentre of earthquake was
around 30.4N, 67.0E .Maximium
Documented Intensity was VIII VII.

23/12/1903

29.5

67.6

VIi

DADHAR EARTHQUAKE
The epicentre of earthquake was
around 29.5N, 67.6E .Maximium
Documented Intensity was VII.

4/4/1905

32.13

76.28

X

Kangra. Quittmeyer and Jat6iB9

Table 2.7:- Historical earthquake collected by Bii Meteorological Department (PMD Hazard Report

2007)

The 1905 Kangra earthquake (M 8.0)
The Kangara earthquake with magnitude 8 was teed@vastating earthquake in thd'20

century to occur in northern India. The deathwadks more than 20000 and about 100000

buildings were destroyed. The north-western Himaldyas the history of great

earthquakes. The kangara earthquake is the finghstiting event in the history of

instrumental seismology (PMD Hazard Report 2007).
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The size of the Kangara earthquake influenced #temates of the largest probable
earthquake that might happen in the western Hinaal®loderate earthquakes take place
each few decades along the small loop that desctii®e southern border of the Tibetan
Plateau. But there is no evidence of historicatheprakes that have been ruptured the
surface by the side of the Main Frontal Thrustsdbaong Himalaya foothills (Bilham,
2001; Kumar et al., 2001; Kumar and Mahajan, 2001)

The 1935 Quetta earthquake
In May 30, 1935 an earthquake of magnitude 7.7 meduin Quetta (capital of

Balochistan province). Balochistan had the lowestpytation densities on the
subcontinent of India in 1935. This earthquake aerlin the area where the majority of
the inhabitants lived. This was a very shallow leguake reported (10 km depth by
Ramanthan and Mukerherji,1938). The earthquakeltegsun the largest number of
fatalities of any earthquake on the Indian subcemti.

Singh and Gupta (1980) estimated the surface wagnitude of Quetta earthquake from
25 station magnitudes is 7.7. These ruptures aeceded with Ghazaband fault zone
(large north-south left lateral strike slip systahgt has room for plate boundary shear
by Lawrence et al. (1992); Yeats et al.(1997). mykeismicity was focused close to the
ends of the 1935 earthquake rupture examined byteéh®orary seismic network
operated in 1978 (Armbruster et al., 1980). Lefedal faulting trend has been confirmed
by the fault plain solutions in the area. This se¢mbe most probable mechanism for
1935 earthquake.

Generally the damages houses were made of mukl Bréath toll in Quetta was about
30,000. The total death toll including outside Qaas about 35,000, but trustworthy
figure is lacking (Old chart at Geophysical cer@ngetta, Pakistan)

The 1945 Makran earthquake
The earthquake occurred off the Makran coast dhXi@vember 1945(at 21: 56 UTC),

with an epicentre location about 90 km SSW of Ch@&alochsitan, Pakistan. The
magnitude was reported Mw 8.0, Ms 7.8 with the dowates of epicentre 24.5N, 63.0E.
A tsunami occurred in the Kuch region at the soutlmmast of Makran, Pakistan, with
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wave height about 12 m in the Makran port and 115en in the Kuch area on the west
coast of India. The death toll about 4000 dueatthejuake and tsunami generated. These
numbers are non scientific based collection of nuoneliable.

If a 1945 wave height of 12 m can be confirmedMakran Coast, it is surely rational to
presume that a comparable earthquake can occun gddokhtari et al., 2005;
Ramachandran, 2005; Jain et al., 2005; Quittmetyair,61979)

The 1974 Patten earthquake (M6.0)
A destructive earthquake occurred on December Z8! I#ar Pattan and followed by

after shocks series. The depth of main shock tediat about 12 km depth and average
body wave magnitude 6.0. The shaking of Pattarhegasgke was very forceful, especially
in the upper side of the village where people fourdifficult to stand. Residents of the
area reported thunderous noises connected with shaick and some of the largest after
shocks (PMD Hazard Report, 2007).

The main shock of Pattan earthquake recorded d&teleeabout 139 km away from the
Pattan (SMAC B1-2 accelerographs). Maximum acctteraecorded on the rock was
about 1.4%g with a predominant period of 0.14s. ed@@tion on alluvium with
frequencies about 10 Hz reached 3.5% g. Maximurelation did not exceed 1.5% g
at frequencies 5 Hz at both the bottom and top hef ¢arth fill dam of Terbela
(Ambraseys et al., 1981).

The 2005 Muzaffarabad Earthquake (M 7.6)

The earthquake of October 8, 2005 occurred in Kashegion. The United States
Geological Survey (USGS) has reported the epiceotr&ashmir earthquake in the
Hazara Kashmir Syntaxis, While Indian MeteorologiBepartment reported more in
west. After shock studied by USGS lie in the NWtlod main shock (Indus Kohistan
Seismic Zone (IKSZ)).

The earthquake occurred on pre existing faultshasvs in the figure 1.3. The recently
deformed area occupies a 90-100 km long northeasidihg strip extending from
Balakot Pakistan, southeast through Azad Kashriircuts across the Hazara Kashmir

syntaxis, reactivating the Tanda and Muzaffarabadlts. Surface rupture roughly
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coincides with MBT in the north of Muzaffarabad, tre south western side of the
syntaxis. The rupture lasted for 25 s and tradellp dip and bi-laterally with rupture
velocity of almost 2 km/s. In the northwest of Mtfasabad the fault off set was 4 m on
average and peaks to 7 m (Avouce et al., 2006)

In the north of Muzaffarabad heavily damaged ateavs the maximum deformation.
There are recognized dynamic faults stretchindi@NW and SE near epicentre, which
expose some uplift on northern side and dextrghtrilateral strike slip activities
(Fujiwara et al., 2006). Active faults have beevidid in to two groups, Tanda fault, SE
of Muzaffarabad and the Muzaffarabad fault, NW afzdffarabad (Nakata et al., 1991)

According to seismic point of view, the most actgeplogical structures of this area are
considered to be capable of producing large seisngats. However, it is not reasonable
to equate MBT with IKSZ, as the tectonic historiéghese two are pretty different. The
seismic activity along IKSZ is much more intense casnpared to the MBT (PMD
Hazarad Repot, 2007).

Kashmir earthquake occurred in the area which deustudy. Specially the two main
cities (Muzaffarabad and Islamabad) where the thsass associated with this
earthquake.

47



U Ik'._ “_' """ _--"-"U i \

36 SO 136

i
|\J
™ o
=0
il
=
75

O
£
7

\

-

27

27°

24°

24°

3 72° 75°

|
.

63° 66°

Figure 2.12: - Location map of Historical catalogue



Kabul:1874
Hindukush=1842
h-1883"Attock-1669

o
Kohat-Pesh-1878

Jehlum-1869)

L
Runjab-1851

Lahore-1827.

Data SO, A

Runn-1819 > ; & Googlem

Figure 2.13: - Location map of Historical catalogletted on Google earth.

49



3 Seismic Network in Pakistan and Data
analysis

3.1 Background

Pakistan Meteorological Department (PMD) is a difieras well as service department
and function under the Ministry of Defence. PMD riesponsible for providing
meteorological services throughout Pakistan to dnariety of interest and for several
public activities and projects which need weatheformation. The department’s
responsibility goes beyond the national boundanesase of aviation services to meet
the international agreements to provide facilitesgarding the aviation meteorology.
Besides meteorology, the department is also conggmAgrometeorology, Hydrology,
Astronomy and Astrophysics, Seismology, Geomagmet&stronomy and Atmospheric
electricity and studies of the lonosphere and cosmays. PMD is also bears the
responsibility to look into the factors responsifide global warming, climate change its
impacts and evaluation. PMD has been operatingéismic network in Pakistan since
1954 (PMD local repots).

3.2 Major Functions of PMD

To give information on Meteorological and Geophgsissues with the aim of traffic
protection in air, on land and sea, mitigation isiadters due to weather and geophysical
phenomena, development in agricultural sector basecdlimatic prospective of the
country, prediction and modification of weatherefcast.

PMD has established in pursuance of its objective

> A network of meteorological and geophysical (Seismical) observatories to generate
meteorological and geophysical data.

» For the dissemination of a telecommunication system

» Meteorological and Seismological offices to analyhe data for issuing forecast,

warnings in the concerned fields.
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» There are units for data processing for examiremgluating and publishing data for the
assessment of long term weather trends and eakibgjua

» Research and development(R & D) center to identifiyderstand and solve the
problems in major concerned fields (Meteorologydkogy, Seismology).

» To provide expertise and advisory services to tiieypmakers and planners to address
the emerging problems related to climatic changgicalture, water resources and

environment hazards.

As mentioned earlier that Pakistan is situateceiarmsic prone area. Therefore, a dense
seismic network is needed for the mitigation oskxsto life and property due to
earthquake as well as related Tsunami disasters.
This is meant to bring further developments inftliowing socio-economic services of
human activity:
» Safety of infrastructure, both in the Public & Rt sectors, by minimizing
damages due to earthquakes & associated Tsunasiats
» Promotion of civil engineering & housing activitiby providing reliable
advisory services to the planners, builders andheegs.
» Improvement in human resource development in #ld Hf seismology.
» Communication facilities for the distribution ofismic and Tsunami
information through electronic media to the coneerngovernment

authorities and other users (Ahmad, 2006).

3.3 Seismic Network in Pakistan since 1954
PMD has been working with seismology since 1954 laasl the mandate to issue the

information to public sector as well as to the gomeent agencies. The first seismic
station was installed at the geophysical centertt@Que 1954. Later on 5 more stations
were installed (Peshawar, Islamabad, Khuzdar, Karaed Lahore) as shown in figure
3.1. A detail of equipments installed is given able 3.1. Quetta and Islamabad seismic
stations are equipped with worldwide standardizetrBographic Network (WWSSN)
recording system. Peshawar has short period Bereqtiipped with visible heat

sensitive/photo film visible pen-ink recording st All the seismographs are very old
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and have become outdated, out of six only two (@uahd Peshawar) are in working
condition. Seismometers have been installed in e@otonal vaults. Because of
urbanization, the noise level has increased gre#dlging the lowering of the
magnification considerably at all the stations. Fhthe detection level of the
seismological network of Pakistan has declined. #le stations were working
independently (Ahmad, 2006).

S.No Station Equipments installed Remarks

1 Karachi Sprengnether not in operation) | Short period

Strong Motion Accelerograph

2 Khuzdar | Sprengnether (notin operation dughort period

to technical fault)

3 Quetta World Wide Seismograph SysteptShort period and
long period

4 Islamabad World Wide Seismograph Systenshort period and
long period

5 Lahore Sprengnether.( not in operation ) Short period

6 Peshawar| Sprengnether Short period

Strong Motion Accelerograph

Table 3.1:-The old Pakistan Meteorological Seishgtwork technical details.
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PAKISTAN METEOROLOGICAL DEPARTMENT
SEISHOLOGICAL NETWORK

PUNJAB

BALOCHISTAN
Khnrdar

e
Figure 3.1:- Seismic Network in Pakistan before@@007 (Ahmad, 2006).

Upper Atmospheric Research Station Peshawar (UARS) responsible to issue press
release until (2007-2008) for the electronic andtpnedia. Now Karachi seismic center
is responsible for the issuance of press releagardiang earthquakes occurring in the

region.

3.4 Seismic Network in Pakistan since 2006-2007
A project draft was submitted by the PMD to goveemtnof Pakistan for the up-

gradation of the seismic network before 2004. Traegt draft was already in pipeline
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when Sumartra earthquake occurred (December 26})200is big disaster draws the
attention of the concerned authorities towards ghgect relating to earthquake (up-
gradation of Seismic network)

Government of Pakistan realized the need of a taagd modern seismic network after
disastrous earthquake in 2004. The upgrade of xistireg network was approved in
2005. Initially 6 short period sensors (Guralp) eveurchased and installed at the sites
given in table3.2 and location map is the sameigued 3.1 except one station was
installed in Balakot city which is not shown indig 3.1.

S.No Station Equipments installed Remarks

1 Karachi Digital 40 T Guralp Short period
Strong Motion Accelerograph

2 Balakot | Digital 40 T Guralp Short period

3 Quetta Digital 40 T Guralp Short period and

Strong Motion Accelerograph

4 Islamabad Digital 40T Guralp Short period

Strong Motion Accelerograph

5 Lahore Digital 40T Guralp Short period
Strong Motion Accelerograph

6 Peshawar| Digital 40T Guralp Short period

Strong Motion Accelerograph

Table 3.2:- New equipment installed 2006-2007.
The stations are recording independently excepal®aland Karachi where short period

has been replaced by Broad Band.
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3.5 New National Seismic Network of Pakistan
Meteorological Department

In addition to the initial upgrade, further stremgting of the Seismic Network of
Pakistan Meteorological Department has been apgrbyethe government of Pakistan
(2005) and is under implementation as shown inréidti2. The project is intended at as
an upgrade and expansion of existing Seismolo@iedivork of Pakistan for providing
source parameters of earthquakes, especially h&@ngami generating potential, within

minutes of their occurrence through real time cotapzed processing of recorded data.

Plan for New Network
The new network will consist of a national coveragéwork and three local networks (in

addition to the initial upgrade), figure 3.2.

Up-gradation & Strengthening of National
Seismological Network for Pakistan

Fig 3.2:- Proposed location for new seismologieaidters in Pakistan (PMD proposal for the Up-gramfati

and strengthening of Seismological Network).
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So far (2009) 10 Broad Band (BB) stations have bestalled as location map is shown
in figure 3.3 and description is given in table.3.Bach observatory is equipped with

broad band sensor, digitizer, communication systechstrong motion sensor.

National Seismic Monitoring Centre at Karachi.

Karachi will act as a central analysis centre. @hta will be collected from all regional
centers through available communication systemidréidk or internet) and will be

analyzed at this centre. The analyzed data wilth&ur be disseminated to different
agencies and the public. Three regional networks nvn under this centre (not yet

installed).

Islamabad Regional Centre.

A back up seismic station at Islamabad has also pesposed under Phase-I (Installation
of Guralp 10 Broad Band, 50 short period and 56ngfrmotion) of the project. The
whole analyzed data set and reports will be staedhis station. All the previous
documentation regarding earthquakes in Pakistan ahdr countries will also be
available at this data center which also will beduor tsunami warning.

Phase-Il is consisting of Chinese system of 1Gdrband stations. According to the

plan, five out of ten stations will be installed tme end of 2009.

Quetta Regional Centre.
The seismic data collected from Sindh & Balochigteovinces through radio links or
any suitable available communication system wilbbalyzed at this station for onward

dissemination to the national centre at Karachi.
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Peshawar Regional Centre.

The seismic data will be collected at this centoenf Punjab, NWFP & Northern areas of
Pakistan through any suitable available commurdoasiystem and after research and
analysis it will be transmitted to national cerdatékarachi.

Borehole seismic sensors will be used for the sitesre noise level is high. In addition,
the national network will have 50 short period secsstations in rest of the country.

The local seismic networks will be consisting obstperiod sensors. Each network will
consist of 20 to 25 short period single componévestical) with natural frequency 1 Hz

and one three-component sensor (Short Period)dryducal network. In local networks

sensors will transmit seismic data via any suitabialable communication system to the
main Regional Hub (Regional seismic recording agraed further this hub would be

linked with National Seismic Monitoring system thgh satellite communication.

3.6 Current situation
Currently the 10 Broad Bands (BB) Guralp, statidtave been installed and linked

through satellite commutations with Karachi Seisoeatre. This centre is receiving data
from all 10 stations now (2009). The processingath has been started with personals at
Karachi center, however they have limited processxperience. Similarly processing is
taking place at Islamabad. In addition to BB staid0 Short period and 30 strong
motions Guralp have also been installed. The data these stations is being collected
by visiting personally once 15 to 30 days. Mosthaf Phase | plan has been completed.
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Station Name| Station Code  Latitude LongitudeHeight
995
Balakot BLKT 34.5333 73.3333
1498
Chitral CHTL 35.8833 71.7833
1248
Khuzdar KHUZ 27.7833 66.6012
38
Karachi KCHI 24.9167 67.1333
1640
Quetta QUET 30.2333 66.9833
1169
Muzaffarabad MUZF 34.3646 73.4938
33
Umarkot UMKT 25.3333 69.7166
141
Turbat TURB 25.9833 63.0166
1421
Zhob ZHOB 31.3375 69.4511
161
Bahawalnagar BNGR 29.9500 73.2500

Table 3.3:- Broad band station of the new seisratevark in Pakistan with station names and geogcabhi
position.

58



64724 00" 67°12'00" 70°00' 00" 72748 00" 75°36' 00"
4'00" = - : - s - —136°24"00"
e\
6'00" - a 33°36'00"
-
8'00" - - : . | {30°48 00"
QUER, : '
: Briowh, —
0!00" . - . . - o - - 4 . .28‘00'00"
| =
VR
-, N __u__,‘E-'
200" et S = Tah, 25°12'00"
v 4
64°24'00" 67°12'00" 70°00'00" 72°48'00" 75°36'00"

Figure 3.3:- Black triangles shows new nationasisét network broad band stations in Pakistan.

Data flow

Guralp sensor sends data to digitizer and thenhé Data Communication Module
(DCM) which can store and transmit data with ouy &ss. All of the data from DCM
goes to satellite router and then to central Hulickvimakes data available to the main
server (Scream software is available) from whiadhta can be distributed according to
choice of the user. The server sends this dataato display computer and the analyzing
computer. At the same time the data is sent taohgputer where SeisComp3 is installed

the data flow block diagram is shown in figure3.4.
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Seiscomp3 provides automatic detection and epmcdotation of the earthquakes .
There is an option to relocate earthquake to make that the epicenter location given is
precise. The coverage of this system is internatidife are receiving many international
(more than 50) seismic station data for the purpd$sunami warning system. For the

epicenter location purpose the minimum number atias required by the Seiscomp3 is

6. (Personal communication with Zahid Rafi-PMD-Hquarson for Seismic Network).

Data Flow Block Diagram

Figure 3.4:- Data Flow Block diagram National Sdisietwork of PMD.

In SeisComp3 system there are three main taskderaictive processing. (1) Monitoring
the status of the network and complete manual edletdéction. This is used to give
overview of network status and the actual situatibthe region of interest.

(2) Displaying the actual waveforms of selectediata with good distribution and
quality. This display gives the possibility to user get overall impression of the
waveform data. It is a simple way to control thggder information shown in as shown in
figure 3.5.

(3) Triggered information and gaps are displayed.
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Figure 3.5:- Display View of SeisComp3 screen.
Figure 3.5 is showing Station A- triggering andated station to last event (green
blinking), station B-station triggered 10 minutg®dred blinking), Station C-station is in
idle mod, EQ- location of earthquake, P-P-wave agireg, S- S wave spreading, Status-
symbol for status of receiving data, Legend-Legeihevent
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3.7 Current Data Processing
In order to understand the current situation, th&a grocessing today at the different

centers will be described. An overview of data pssing in 2006-2007 and earlier is

given in table 3.4.

S.No | Stations | Work

1 Karachi Reading of primary and secondary wave tamd distance.
2 Khuzdar | Reading of primary and secondary wave &amd distance.
3 Quetta Reading of primary and secondary wave, tioecation of

epicenter, determination of depth, distance, mageitphase
analysis, preparation of bulletins, exchange cfre@ data

with the national and international agencies.

4 Islamabad Reading of primary and secondary wave time ancioicst.
5 Lahore Reading of primary and secondary wave &ntedistance.
6 Peshawar| Reading of Primary and secondary whezgjon of

epicenter, determination of depth, distance, magdamit

issuance of press release and warning etc.

Table 3.4:- Data processing work chart before 22087

In 2006-2007 and before, the data processing wa® doanually at all stations, as
mentioned in table 3.4, and they were all workimglependently. As soon as the
earthquake occurred and recorded on the differetioss, the person on duty was
reading Primary (P), Secondary (S) phase arrivaétand sending it to the Peshawar
station for the location and magnitude calculatiprocess. Peshawar station was
responsible for the issuance of press release. ddmger calculating magnitude and

picenter location of the earthquake with the regdacteived from other seismic stations.
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Now responsibility of the issuance of press releasdth Karachi seismic center.

Current situation in Pakistan is quite different dase of data processing even. As
mentioned earlier that 10 broad band station datbeing received at Karachi center
directly through satellite communication systemtaDis being processed automatically
by using SeisComp3 system which provides autondgiection and location of the

events. Every event is being relocated before itipw a data base. At the same time
SEISAN software is also used for location purposelependently (Personal

communication with Zahid Rafi).

Data for this thesis

It has not been possible to get data from the naliskan network, so data from the

initial digital Pakistan Network was used instedtie data received has been examined
and most of the time only one station had sufficdata. Data was available in patches,
so it was difficult to calculate epicenter locatiohthe earthquakes. Since data available
is mostly form one station only. Therefore, it wdecided to concentrate on available
data (one station) for 2008 in order to do soméngs The station with the most data

available is the Islamabad station (A411). A fevereg were available on two stations

but timing error between the stations constraimedse data from two stations. The time
period for this data set is 200801 to 200807.

3.7.1 Data processing
Initial processing

All data (triggered event files) for 2008 were pub a SEISAN data base and examined.
Out of 222 ‘events’, 142 were found to be real éyeh39 out of 142, events have been
detected by local network. 44 events were recodatetvo stations. Figure 3.6 shows

examples of events recorded by two stations.

63



Z008-01-07-1945-25M.PAK___ 008 LU

Plot start time: Z008 1 7 15:45 32E.000

z002 1 7 1946 48.6 L 34.303 70.724 35.0F PDE 7

| I I
25379 34457
A403 B E
—E7332E pR=1-0-43
A403 B N
f——mad 7 5230
A40% B E
-sn3z o coph 5477
n Wbt it T ik n " -
O T - sl prom—s
-5172 2271
241l BN P L . " Ll -
t hHp Hed # A # i
-301z 10340
B4ll B E T TP PO TR UR FOpPYIe] | FY Ll bt sl . . T m )
Ll . A ¥ W i Futeffute i vt tiepntend
nIn
| | | | | |
Event # 3 46 47 48 49 &0 Bl

Figure 3.6:- Plot shows the event recorded on tatians by seismic network of Pakistan .

Calibration
The following parameters (table 3.5) have been tigethe calibration (Sensor-installed

Islamabad station-A411) and the corresponding mespourve is shown in figure 3.7.

S.No | Parameters Values

1 Seismometer period 1.0 second

2 Generator constant 2000 V/M/S

3 Damping ratio 0.707

4 Amplifier gain (db) 0

5 Recording media gain 300 000 counts/volt

Table 3.5:- Detail of calibration parameters (Qaltlon sheets for sensor-Guralp).
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Figure 3.7: - Response curves for sensor for sensor

Noise spectrum shown gives the idea about the tyuaflithe site and the variability of
the noise- Three spectra are shown in figures3.8-3t is indicated from the spectrum
that it is noisy place. It gives a high noise asvahin spectrum. In the day time it is even
higher than night time. The sensor is installedthe office premises (out side the
building) at about 3 m from the multistory buildiagd also two main roads are passing
at about 200-250 m on both sides of the vault. Fspectrum it is clear it goes to high
value at 3.2 Hz and above which is almost cleamfadl of the three spectra but more
prominent day time spectrum. Below 0.3 Hz the sty of the 1 Hz sensor is too low
to give a reliable spectrum so it is just an insteat noise. Between 1 and 0.3 Hz range
site is quite good. (figure 3.8, 3.9). During mighe trend is better as compared to day

time in case of high frequency side. (figure 3.10).
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Figure 3.8:-Noise spectra at 09 40 am day timerlatzad Station (A411).
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Figure 3.9:-Noise spectra at 1340 day time Islamd&tation (A411).

66



e

0.01l00 0.0z21e o.100 0.31& 1.0 2.2 0.0

Fregquency H=

Figure 3.10:-Noise spectra at 2240 night time Islbad Station (A411).

Selection of data

Since little can be done with one station dategai$ decided to further process only those
Earthquakes which were reported by PDE in ordercdampare one station source
parameters with PDE. Since many events are recondadd around Pakistan. The time
period and area under investigation gives PDE tedd232 events (figure 3.11). Not all
events reported by PDE were recorded by Islamatadiis (A411) and comparison has
been made with PDE and local data available (tab)e8 is seen that several events are
missing from local network(A411) as compared to PBEce many events M >= 4 are
not recorded, this is probably due to missing datae than lack of detectability. Events
recorded on both PDE and Local network are 54. &veiggered by the local network
are 139 in number. After carefully testing data @8 events have been selected for
further processing. Out of these 69 events onlgrédmarked with “ * ” to indicate good
ones (figure 3.14). All these events (good ones)iln area (32-38 N° & 68-78 E°).

Figure 3.12 showing the epicenter locations Pakisteismic network (common data
base). The events have the magnitude range nto 3.8 as given by PDE, CPAK (3.3-
6.2) and LPAK (3.3-5.4).
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Where CPAK and LPAK represents coda magnitude andl Imagnitude by Pakistan

Network respectively.

Processing

Epicenter Location: Single station location metl@ddimuth) has been used to locate the
earthquakes. The model used for location is givemable 3.6 (Johnson and Vincent,
2002). Many events have a poor signal to noise &id the azimuth determination was
uncertain.

Magnitude: Local magnitude MI and coda magnitudedyke calculated. Since there is no
local scale available for Pakistan the standartésdar California have been used.

Formula used to calculate local magnitude (MIHa\skov and Ottmoller, 2008)
MI = allog(amp) + bOlog ( dis) + c*dist+

where a, b, ¢, d are constants and log is logarithimase 10, amp- maximum ground
amplitude in nanometers, dist hypocentral distanddlometers. The standard scale for
California has been used, so by using the Caliéodeifault constants the formula is

MI =log(amp)+1.11log€list }+ 0.00188dist— 2.C (Hutton and Bore, 1987)

It has been assumed that gain of the Wood-Anderstruments is 2080.

For coda magnitude the formula used is (Havskalv@ittmoller, 2008)

Mc = allog(coda) + bUdist+c)

where a (2.0), b(0.0035), c (-0.87) are consta(itee et al., 1972) and coda is coda
length in seconds.

Now epicenter locations and magnitude are caladlfde all events where it is possible.

The hypocentral depth was fixed to the depth giltgnPDE since by single station

location depth cannot be obtained and if a wrorghdes used, the epicenter will also be

wrong. This is particularly a problem for Pakistaith many deep events.
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3.7.2 Crustal Model

Crustal model used for the epicenter location fsiDPseismic network of Pakistan is
given in table 3.6.

P-wave velocity km/sec| Depth inkm Name of therimary
5.6 00

6.5 23.0

8.4 50.0 Moho

8.7 200.0

Table 3.6:- Crustal model used (Johnson and Vin@at2).

Comparison of epicenters

Naturally epicenter locations calculated from PMé&smic network are very uncertain

because of the method used (single station metlkaa)the comparison of the epicenter
locations common data base (PMD and PDE) with PD&ations, map has been

produced (figure 3.18. The red circles indicating PMD seismic network epicenter
locations (common data base) where as the blue amrgethe epicenter locations from
PDE. The local seismic network (PMD) locations &MdE locations are not in good

agreement except few events. After this a map ofiggelected events (14 events) from
common data base has been produced (figure3.14jhAnattempt made to compare the
epicenter location difference between PDE and Ise@mic network by using only 14

events (good selected from common data base). Tifezethice between the epicenter
locations has been shown (figure 3.15) by drawidige between the similar event (14
good ones from local seismic network (PMD) and egponding 14 events from PDE)

located by PDE and local network. In general tlitedince is high. Only a few are close
to each other. The epicenter map of all the PDBtlons is seen in figure 3.11. It shows
a nice trend. The trend follows the main geologisaettings of the area. Epicenter
location map follows Main frontal thrust, Hazara SKanir syantaix, Induskohistan

seismic zone and also goes to northwest (Hindukasitgss the geographical boundary

towards Afghistan.

For local seismic network (PMD), International Mbéte India-Pakistan region has been
used (Johnson and Vincent, 2002). In some cases #mcenter locations are quite good

but general trend given doesn’t follow the PDE taratrend (figure 3.13).
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Comparison of magnitudes
In case of magnitude comparison there are thresstgp comparison made by using the

available data.

Local magnitude by Pakistani network (LPAK) with PDody wave magnitude (BPDE).
The average values for BPDE and LPAK are 4.14 aBdl lespectively. The Numbef

earthquakes available for this comparison are (@@u18).

Coda magnitude by Pakistani network (CPAK) with Piely wave magnitude (BPDE).
The average values for BPDE and CPAK are 4.17 affal espectively. The Number of
events available for this comparison is 47. (fgifer)

Local magnitude by Pakistani network ((LPAK) withoda magnitude by Pakistani
network (CPAK). The average values for LPAK and ®PAre 4.70 and 4.31
respectively. The Numbef events available for this comparison is 54 (feg3.19). 54
events are detected locally and with PDE any madaiwhich could be located because

the rest was too bad to locate.

There 69 events in total in data base with commanis. A comparison of magnitude
(BPDE, LPAK & CPAK) has been shown graphicallyigure 3.16. This graph indicates
that local magnitude (M) calculated is in goodesgnent with body wave magnitude of

PDE but coda magnitude (Mc) is showing a high v&lue

70



Data Comparison (PDE and Local Network)

Month Locally All Real Total PDE, all| Only PDE > 4,| PDE >=4 Number of events Total Number Good
detected | Triggered | Events magnitudes not detected detected detected locally | eventsin | of Events| events

events found and also no locally locally and with PDE, any] PPD data on 2 selected
files magnitude magnitude base stations

January 32 3 10 7

February | 27 6 13 7

March 23 9 5 14 11

April 21 5 00 05 9

May 17 4 2 06 6

June 18 9 2 05 6

July 1 8 00 01 --

total 139 222 142 232 44 16 54 69 44 14
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Figure 3.14:-Epiceter location map (our locatiooisall good events selected from common database (1
eartquakes).
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Figure 3.15:-Epicenter location map with line shogvthe difference between the epicenter location
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calculated from PMD data (red circle) and PDE (ldireles) of the 14 good earthquakes.
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3.8 Discussion
Epicenter location of an earthquake calculated siggusingle station method (Azimuth)

is very uncertain. The good earthquakes are selegfter careful analysis from PMD
earthquake data but still the epicenter locatiom®pared to PDE are not good (figure
3.13).

Magnitude may be reliable if the distance is fineusing even a single station method
(azimuth). Magnitudes comparison of local magnit(i@®ID data) with body magnitude
from PDE is quite close but magnitude calculatethw@MD data by coda formula
comparatively is not in good agreement with bodygnitade by PDE. Therefore, it is
recommended that local magnitude formula may be wseil the development of own
local formula (Pakistan) for the calculation of theagnitude. Graphical comparison of
three magnitudes local magnitude, coda magnitudéD(Rlata) and body magnitude
reported by PDE is shown in figure 3.16. It cleangicates that the coda magnitude is
generally high as compared to PDE magnitudes. Godgnitude may be used with
certain adjustments. It is also suggested thatdida formula may be adjusted to get a

good agreement with PDE magnitude.

It has been concluded from the epicenter locatemrtsmagnitude comparisons (PDE and
PMD) the PMD seismic network has some technicaicegfcies to be improved and
certain technical problems(Data base managemamthsynization of timing of different
stations, calibration files, registration of statioodes) to be addressed properly. The
comparison gives the profile of the two data saie tb small data available from
Pakistani Network. As mentioned earlier that therent situation is quite different and
improved with 10 BB, 10 Short period and 30 stromgfion sensors have been installed
and data is being collected. This will provide dfisient data to compare and evaluate
the network efficiency with international seismalzd agencies. Phase | is almost
completed and Phase Il is under implementation.sésn as the modernization and
strengthening of the seismic network of Pakistariddelogical Department (Phase | &
II) will be completed. PMD seismic network would dene of the modern and efficient

seismic network in the world.
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4  Local site response in Muzaffarabad and
Islamabad

4.1 Background

It is generally acknowledged in earthquake engingesociety that soft soil can play a
prime role in ground shaking and must be incormatan seismic zonation. Devastating
earthquakes have noticeably revealed that neancaurfeological and topographical
settings play a key role in the level of groundksh@. In post-catastrophe restoration as
in mitigation, information on soft soil responselig earthquakes becomes of the most
importance. In seismic prone areas, zones at risk e identified by mapping of
predominance frequency of resonance and amplificadf soil. It can also be used as a
tool for deterrence planning and also to charaxgeprotection zones for rebuilding after

a destructive earthquake (Research Article by Redsd. from Internet).

Damages caused by earthquakes are mostly assowiditechan made structures except
in case of secondary landslides. Earthquakes ynoatlsed death by the destruction of
structures like buildings, dames, bridges and atien made structures. Several damages
patterns in the historical earthquakes also corside effect of local soil conditions on
seismic response of the ground. In case of Lomat#rearthquake (1989) 98% of
property damage was due to ground shaking, amgpldgireund shaking was responsible
for 70% of the overall property loss. Several redears concluded that main source of
the damage was local site amplification by Holocetey —silt deposits in the San
Francisco Bay (Gitterman, 1996).

Local site effect measurements provide informa@sout the amplification of ground
motions produced by the local geological settidgany studies of large earthquake have
shown that damages during devastating earthquakesainly due to magnification of
seismic waves in topmost sedimentary layers. Thezghssessment of local site effect is
important to evaluate the seismic hazard potemtfathe region under investigation
(Atakan, 1997).
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4.2 Empirical techniques for estimation of Local Se Effects
Assessment of local site effects reliably is on¢hefkey features of seismic hazard,

which generally cause ground motion amplificatiod aaises the damage potential of a
large earthquake. The methods to determine theesf®nse can be divided in to two
groups, the analytical and empirical technique® amalytical (theoretical) approach is
based on inversion techniques which need brililgiotrmation of the geotechnical
factors to constrain the results. On the other lmangdirical methods are more efficient
due to the fact that they are based on calculéiegrequency spectrum directly from the
recorded ground motion for the site under invesibga The spectral ratio techniques are
widely used among the empirical methods. (Atak@092.

4.2.1 Standard Spectral ratio (SSR) - Reference 8ifTechnique
The most frequently used direct technique, whiabvigles the most even and reliable

results, is Standard spectral ratio (SSR) techiiifagan, 1995) also referred as
Classical Spectral ration technique like (Ozel,20M this study SSR will be followed.
The method was originally suggested by Borcher@l7Q) to examine the effects of the
local geology on the ground motion near the Samdisao bay area. The main theme at
the back the method is to evaluate the probabkd kite effects from a future earthquake
with the estimation of the local site responsel& $edimentary site with respect to a
crystalline rock site in the same area. There suaption behind the technique (SSR)
that the source and path spectral terms for twier@ifit sites are equal if they are near to
each other and at the same time sufficiently faayavfrom the source (far-filed
approximation). The theoretical rationale of thethod is simple as mentioned by
Borcherdt (Borcherdt, 1970).

Consider | (t) is the input source function, aiS (t) Seismogram out put for two sites.
One is reference site situated on bedrock (i=b) @ed other site for which the site
response has to be evaluated (i=s). The functiefscting the influence of the crust of

the earth, local geology under the site and infbgeof the instruments for the two sites
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respectively artH«(t), Hg(), Hi(t). These can be related following way in time
domain

S = 1) *Hs(®) *Hg®)+H(t) i=sDb (4.1)

*  Convolution operator.

In frequency domain the relation is as follows.

S(f) =i,(f) x hy(F)x hy(F)x h,(F) i=sp (4.2)

In this case it is simple multiplication of Fourigpectra of the respective function. It has

been assumed that the two sites are close enoutife spurce and path conditions are

considered to be similar. It means tt!s(t) equals(t) and Hs(t) equalis(t) . Similarly

it follows for their Fourier transformation. Inflaee of the instruments used will be same
if same instruments are used for both sites in tamé frequency domain. In case the
instruments are not same, instrument responseosrkalways and can be explained for
the response. By dividing the spectra of the twisnsegrams and taking the absolute

value

s |h(F)
(D] 7 |he ()]

(4.3)

From equation 4.3, it is clear by taking the rabibthe absolute values of the site
spectrum and the reference site a quantitative uneas the site response is achieved at a
specified site with respect to reference site. céise of time domain the operation
corresponds to deconvolving the outputs from tHliémce of the source, instruments
and path conditions after this deconvolving thdurice of the local geology of the

reference site from that of the expected site (Berdt, 1970).

Reliable results can be obtained by using data ftense local array even if the source is
far away from the network. If the dense seismiovoek is not available and network to
source distance is equivalent to the distances destwhe stations, results should be

treated carefully. If we do not have data from delegal array, other technique exist to
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invert for the source and path term using diffeisgling techniques and path conditions
recipes (Roger, 1984; Bard, 1994).

Borcherdt, (1970) used this method for the estiomatf the influence of the local
geology on the ground motion near San Francisco Bde 1906 San Francisco
earthquake, data from microseism, strong motioa &taim 1957 earthquake and a week
motion data from many far-away nuclear tests in ddevwas used. It has been shown
that by using three different data set the resolitained was very similar (from the
comparison of the computed site response spedd@nparatively the site response
spectra determined from earthquake data and nusthad superior quality than those
determined from microseism data. A good agreemexs found between the computed
amplification coefficients with the intensities @lpged at the same site from large San
Francisco (1906) earthquake (Borcherdt, 1970).

To estimate the local site response in differemtspaf Mexico City by a dense digital
strong motion array was installed in 1987 in thg ¢singh et al; 1980).

It has been shown that for Mexico City the speatitibs are approximately dependent of
magnitude, azimuth and depth for the events hagpigenters 201= km from the city.
Singh and his co-workers (Singh et al; 1980) caled the relative spectra for different
parts of the city by using the several measurentfeos strong earthquakes occurred in
the region from 1985 to 1987. They defined the ameghich a particular threshold stage
for the relative amplification has been exceeded $etting a frequency range
approximately as the natural frequency of the siteey established that this area is that
most effected (serious damage and collapse of ibgayl during Mexico City (1985)
earthquake (Singh, 1988).

Disadvantages of the SSR technique are as follows
Mostly it is difficult to find reasonable referenste as it should be situated on flat
surface and crystalline rock. Sometimes refereiteeis located on other type of rocks

(sedimentary rock), which may influence the assess$ifRoger, 1984).
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Data can be divided in four groups Microtremorsakenotion data, Strong motion data
and data from synthetic sources. Site responsdrapeevill be estimated with different
quality depending upon the type of data used. Toptte SSR the most reasonable type
is strong motion data as influence of the targenévs directly reflected. For a specific
site under investigation this will give us not orthe dominant frequencies but also the
amplification factor. Weak motion data are usuaiyed to compute SSR for the areas
with low seismicity. The amplification factor calated from weak motion data has a
tendency to overestimate the actual amplificatiafue for strong earthquake. This is
because of the non-linear behavior of the soil égalntrend is that increasing magnitude
level will decrease the amplification factor). Téfre, if SSR has been computed with
weak motion data one has to keep in mind that theliication factor may be not
constrained although the dominant frequency caoltained. However, it is generally
accepted that nonlinearity exists in few casess Hifficult to find the evidences from
data for the nonlinear behavior of the soil. Spdcamplifications computed by using
weak(Nuclear test) and strong motion(San Franci€®®/ earthquake) data is well in
agreement but not at minute level as mentioneddscBerdt. For Izmit 1999 earthquake
there were not big differences between the ampltifim factors calculated by using weak

and strong motion data (Ozel et al., 2002).

It is observed that the cities situated on hills@xperienced more damage than the cities
situated on the foot hills. It has been argued bih@s that instrumental confirmations
exit that the surface topography influences theldngde and frequency contents of the
motion. The focusing and defocusing of the incomsgismic waves may be due to
particular topographic features of the area ofredge So it is expected that if the
reference site is located near a hill top the caegbueference site spectrum may be

influenced by the topographic features. (Bard, 129¢ave, 1999).
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4.2.2 Surface-Borehole Spectral Ratio Technique (SHR) - Reference Site
Technique

SBSR is the most reliable method among the methodshe estimation of the site
response. This technique was fist introduced by [1i892) for the evolution of site
effects of the Marina District of San Franciscotthaffered extensive damage during the
Loma Prieta 1989 earthquake (Liu, 1992). The idetbicompute the spectral ratio for
earthquake data recorded with two stations (ontmersurface and other on the bed rock)
simultaneously. Two identical stations have beeedu® carry out the experiment in
Marina District San Francisco. Eight events (witbhhsignal to noise ratio) have been
recorded and ground motion acceleration spectrusrblean calculated for the both (for
surface and bed rock). It has been observed frenrdhults that the lowest frequency
spectral ratio peak for all earthquakes occur at shme frequency, but in case of
locations of higher frequency peaks are scattetsdtd fact that high frequency part of
the surface to borehole spectral ratio is depenolertarthquake location and direction of
the motion. The amplification factor varies in largven for the lowest frequency spectral
ratio peak. It has been observed for the two vear earthquakes from the same data set
the amplification factors for the lowest frequenpgak are not close to each other
(reliance of the spectral ratio on Magnitude). d3at was divided in to two by sorting
out approximately the earthquakes as per theititmtand calculating the spectral ratios
individually for each of the two datasets. It haeib observed that not only the lower
frequency spectral ratio peak is rational but tlghér frequency spectral ratio peaks are
also become consistent. So the reliable estimdonfrequency content of the site
response may be achieved by preparing the datasgbugsly. In this way one can find
the frequencies on which highest amplification afumd motion may occur. As the site
response is dependent on earthquake location agditude that is why the amplification
factor for each frequency still can not be constdiso well. Apparently it gives the
impressions that the frequency content of the splectio spectrum is dependent on the
location, while the amplification factors for difent frequencies dependents on
magnitude (Liu, 1992; Aki, 1993; Borcherdt, 1970).
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The major advantage of the technique is we arerdetgs are concluded on the same
site, one at the surface and other at the depthrefdre, the source and path effects are
nearly the same, certainly depending on the distariche recorded event and on the
depth of the borehole. However there are some dsadges of the SBSR technique

I)-A number of boreholes must be drilled for théiraation of the site effects and it will
be very expensive.

i)-The major disadvantage using the SBSR technigleat there will be feed back from
the surface to borehole sensor because it wilkreatrd only the incident waves coming
from the source but also those reflected from thdase. So the sensor in the borehole
will contain bore record and part of surface recdirdan produce wrong estimates of the
actual site response function due to the coupleeHhabe record (Safak, 2001).

iii)-The high frequency (man made noise) dependsiepth. The level of such noise at
the station deployed in the borehole is much lodwgz to attenuation of the noise with
depth (Liu, 1992).

4.2.3 Nakamura Technique- Non-Reference Site Teclue
It has been observed from many studies that dansgasaused by the latest earthquakes

are accomplished as a direct consequence of lamalbgical setting distressing the

ground motion. Direct observation of seismic groundtion is the best approach to

recognize the ground conditions, but such studiesanstrained to seismic prone area or
with comparatively high rates of seismicity. Beaausf these restrictions in other

methods, such as high rates of seismicity and ticessibility of a sufficient reference

site, non reference site methods have been apigisde response studies. To estimate
the effect of surface geology on seismic motionlesige of requiring additional

geological information microtremor is an incredilslyitable tool (Nakamura, 2000).

Reference site techniques provide reliable resalttsut the local site effects but these
comes at a certain cost because one has to iastailsmic network or boreholes where
one can install instrument. If site response speo#s to be calculated for several sites.

Several stations are needed at many points toctalkga for a long time or we have to
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make bore at many places for boreholes, which er@ossible always and expensive (If
area under observation is densely populated). Tdveré will be very difficult to use two
methods (Standard Spectral Ratio and Surface bleretmectral ratio) due to these

constrains. These methods are expensive as wathagonsuming.

Keeping in view the limitations of each method, yeasd inexpensive method was
proposed in 1989 by Nakamura (Nakamural989) foratbmessment of the local site
effects. In this technique ambient seismic noisasied which is always present in the
earth. Nakamura states that the ratio between drdak and vertical ambient noise
records is related to the fundamental frequencyhefsoil under the site and thus the
amplification factor. The theory and hypotheses m@oé collectively accepted by the
scientific society but comparisons with other mehdave demonstrated the suitability
and competency of the technique (Rosset et al.dReasarticle-). It is based on the
spectral ratio (horizontal and vertical componehs@ismic trace) and gives a reliable
approximation of the fundamental frequency of siedite. It is the most significant

from seismic hazard point of view because thi©iésftequency (fundamental frequency)

on which amplification occur because of local sitiects.

This technique based on three main hypothesesamaby Nakamura 1989
)] Ambient noise is generated by reflection and reibacof shear waves within
shallow earth layers and by surface waves.
i) Cultural noise sources do not influence ambiensa@t the base of the
unconsolidated structure.

Iii) Soft earth layers do not amplify the vertical comgat of ambient noise.

It is based on the spectral ratio of the horizoatal the vertical components of the short
seismic records, gives a reliable estimate of teldmental site frequency. This is the
frequency on which the strongest amplification esalue to local site effects, so it is the

extremely significant for seismic hazard prospeztiv

Transfer function St) for surface sedimentary layers is defined as
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S = S‘*%% W (4.4)

Where Sisis the horizontal shaking spectrum observed orstinface an(Se is ground
motion spectrum on the boundary between the bek amd the surface layer. The
horizontal shaking spectrum on the surface is &dteby the surface waves in that layer

which is there as Rayleigh waves (Atakan 1995, Naka 2000). Rayleigh wave’s effect
should be reproduced on the vertical spectrum ef ghrface lay¢s, but it is not

included in the vertical shaking spectrum of the beck Se

So the effect of Rayleigh waves on the verticaintve should be represented by the

transfer functior Es which can be written as ~

Ei/S
E. - —
S S/B (4 f 5)

In the absence of Rayleigh warEs= 1. By assumincEs= 1 on bed rock/sediment

interface. Another transfer function will be obtih after dividing the transfer

functior Sr without any affect on it.

S=e (4.6)

Simplifying the equation

_ SisySe
= Se S 47

S
It has shown experimentally by Nakamura (1989) thatRatio 348 = 1. Considering it
B

correct. Therefore transfer functi'Sr may be expressed in terms of spectral ratio of the

horizontal to vertical components

S,
S = gs This technique is also known as Nakamura's tectenar H/V spectral ratio
S

technique.
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The method has the following advantages and disadwtages

1-

This technique avoids the necessity of having esfeg site. In case of Spectral
spectrum ratio method it is not possible alwaydind suitable reference site.
Sometime the reference spectrum is not perfectofala peaks or troughs may
manipulate the computed spectra). By using Nakamethod reference site is
not required at all. (Bard 1994, Field and Jaca®b]l dakamura 1989).

Avoid the necessity of waiting for seismic evertarflard spectral ratio technique
we have to record continuously in order to recahe seismic events. It is not
required by the Nakamura method. The record camdme any time and make it
just as long as our computing algorithms needs.

This method is convenient and low cost with respeabther techniques (SSR,
SBSR and HVSR). Records can be made or analysibeaone by using one or

few portable stations. (Ref. Site effect assessmesinall scale....)

However, there are some disadvantages as well;

1-

Reliability is low for the assessed amplificati@ttors. As said by Nakamura, the
similar conclusions made for the spectra estimatian be done regarding the
amplification factors at the frequencies of inter€n the other hand other argues
that the relationship between amplification faceguired with SSR and HVSR

for the similar site is meager (Atakan, 1995; Bd1@b4).

It is not possible to acquire higher harmonicshe tundamental site frequency.
Some scientists mentioned that higher harmonicthefsite response spectrum,
estimated by using H/V spectral ratio method arerelable estimation (Lacave,

1999). Fine relationship between the site respapsetra for the similar site

attained by using different techniques is estabtisbnly for the fundamental site

frequency (Bard 1994; Bard 2004, Lacave 1994). Naka technique is not

reliable mean for the estimation of higher harmsnaf the site response

spectrum.

Lermo and Chavez-Garcia 1993 used the idea of ¢nutak to vertical ratio but they

used the intense S-wave portion of the recordsalf small earthquakes instead of
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microtremors. They admit that it is difficult togain why a technique considered for
Rayleigh waves should work for the intense S-waakt pf the seismograms. They
propose two probable causes. The first argumenhas been observed that the
vertical component of the displacement had the sahmracter and amplitude
irrespective of the nature of soil under the statiat it is not the case for horizontal
component. The second argument comes from simplen@®erical modeling
illustrated in the paper; we are not going in ddtare. The final results acquired by
the authors (Lermo and Chavez-Garcia) are extremdgctive. They demonstrate
for three different sites with diverse subsurfaeelggical circumstances.

The standard spectral ratio technique and Nakategtanique applied on S-wave are
extremely fine concord for fundamental mode and/ tban be used to assess site
effects because of either soft sedimentary depaositopography effects (Chavez-
Garcia, 1993).

Other authors mentioned like (Lacava, 1999), tie results obtained by computing
H/V ratio for S-waves demonstrate really nice inigegional stability and accord
with subsurface geology, on the other hand they pésnt out that determination of

the amplification factor is not an easy task.

During an earthquake the shaking of the ground midp@®n many factors. One of
these factors is the soil conditions of the sitethef earthquake affected area. The
observation of stronger shaking on certain soilsimply understandable and so
significant that soil classification with discretpectral features is an important part of
each building codes. Different soil type with diffat spectra is shown in figure 4.0
and solil classification with description is givantable 4.0. The simplest method to
calculate natural frequency and amplification fa¢tw soil structure overlying a rock
IS given in equations 4.8 and 4.9 respectively. uNdt frequency is directly
proportional to the shear wave velocity (Vs) in tleyer (H) and inversely
proportional to the thickness of the layer (H), vd@s the amplification is direct

function of impedance contrast. (Chavez-Garcia3).99
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Figure 4.0:- Different Response spectra for diffieisil types (UBC, 1994; Kramer, S.L, 1996).
Where fo is fundamental frequency and C is amplificatiomtds, Vs shear wave

velocity, H thickness of the sediments lay#:,and ©. are the densities of the sediment
layer and hard rock anVs: & Vs2 are shear wave velocities in the sediment laydr an

hard rock respectively, analogous to the dens£i2and .

Ground type Description

S1 a)Rock or rock like formation, characterizedalshear wave
velocity greater than 800m/s or by other reasanaigans of
classification or

b) Medium-dense to dense or medium- stiff to stifl condition
where the soil depth is less than 66m

S2 A soil profile with predominantly medium-densedense or
medium- stiff to stiff soil condition where the kdepth is more
than 66m

S3 A soil profile containing more than 7m of saftmedium stiff clay
but not mare than 13m of soft clay

S4 A soil profile containing more than 13m softyctdnaracterized by

the shear wave velocity lass than 166 m/s

Table 4.0: - The soil description (UBC, 1994; KrantL, 1996).
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4.3 Instrument Description

SNO4- Noise Tester

Sensor 3 geophone
Sensor Natural Frequency 4.5 Hz
Recording Capacity None

Damping 0.7

Digitizer 24 bit

Gain 33.1x10° s
Filters 1 pole anti alias filter at 9 Hz
Seismometer Generator Constant 78 VI(m/s)
Power 9 Volts Dry Cell
Power Consumption 0.6 W
Communication Serial Line
Weight 0.8 kg

Table 4.1:-Technical specifications of the SNO4idgdTester Seismic station (Havskov and Alguacil,
2004; Mariotti, 2005).

4.4 Software used
SEISAN- The earthquake analysis software (Havskal/@ttmoller, 2008)

The SEISAN seismic analysis system is a completefsprograms and data base for
analyzing earthquakes from digital and analog daiacludes a set of programs written
generally onFORTRAN, a few in C attached to the same database. Majofitthe
programs can run in a data base manner or in Btravgy by using single file with
several events. In addition SEISAN includes sontegirated research type programs for
example coda Q, synthetic modeling and an entirstegy for seismic hazard
computation. SEISAN runs under SUN, SOLARIS. LINUMac OSX and Windows 95,
Windows 98, Windows 2000. Format conversion is remguired to move data files
(binary and ASCII) between the systems if one @f typical formats (SEISAN, GSE,
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SEED, SAC ASCII) is used. SEISAN is dedicated saftvavailable for all non

commercial use.

For data recording in two cities Islamabad and Mhazabad two programs of SEISAN
package has been used- DIRF and WAVETOOL.

DIRF is valuable program for making a file with ambered list of files from DIR (Is on

SUN) command. This program generates a file naitesg fis. Then one can process all
the files in a given directory by using filenr.lfide rather than inserting every file

separately.

WAVETOOL is a program that extracts all or selectiade sections of waveform data,
optionally applies some signal processing and ttrerates the output file. The input
formats supported arsEISAN, SEED, MINISEED, GSEand SAC (UNIX Only) and the
output format are SEISAN, MINI SEED, GSE and SA@lydor UNIX). This program
can also be used as conversion program amongfitr@sats. This program can also take

out data from a SEISAN continuous data base.

A public domain data acquisition system SEISLOG wasally developed for the
Norwegian Seismic Network. It is operating on Inteachines under the real time,
UNIX- like real time operating system, QNX, undeirdbws and under Linux. During

field work SEISLOG system was used for the compused (laptop) to acquire data.

J-SESAME (Atakan et al. 2004) is a JAVA programptovide graphical interface for
calculating H/V spectral ratios from measuremeritarnbient seismic noise. A general
view is shown in fig 4.1.

There are four basic modules of this program- Brogvsnodule, Window selection
module, Processing module and Display module. TA@mfunctionalities are
incorporated by a graphical user interface, which component of browsing module.

In case of browsing module one can arrange ddtadimidual projects. We create project
for each area and the different points in that ai@awhich we have measurements, are
displayed as subfolders of the project folder. Ehggbfolders are created by executing

the command: insert site: from the screen menu.
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In these subfolders we add data which are the seisaveform files recorded at site and
converted to GSE format through SEISAN software. Wgert the noise record by
clicking on insert data file from screen menu. @mey insert as many files as he has for
the specific site. After inserting the files we majot the seismic noise record
individually and perform different operations (Wowl selection, filtering and
processing) on them. The filtered and unfilteredds are displayed together one above

the other for comparison if we decide to filter treces after plotting them.

In case of window selection module one can selea® windows from the recorded
traces with different lengths. One wants to make ghat only stationary parts of the
recorded ambient seismic noise included in the edatpns. The objective is to avoid
the transients often associated with particularcesi(Heavy machinery, nearby traffic,
walks). Manual windows selection way is the best,ibis most time consuming and it is
not suitable for processing a large amount of datzh as two surveys data of the cities
(Islamabad and Muzaffarabad, Pakistan). There ispion developed by the author in
this program to select the automatic windows selectlgorithm. Here objective is
opposite, common aim of the seismologists who wadatgslistinguish signals, have
developed particular trigger algorithm to trace #imormal fleeting. In this case an
antitrigger algorithm used. This algorithm is based principle of short term average
(STA) and long term average (LTA) STA/LTA triggeginThe rule for this algorithm is
to average the signal level over one short and tong window. There are upper and
lower thresholds for STA/LTA ratio. We will like tia to remain below some preset
value (around 1.5-2.0) over a long enough durasiorthat no energetic transients are
included in selected windows. Simultaneously we al&nt to avoid abnormally low
amplitudes, so we also define a minimum threshafdl iais desired that the signal will
remain above it. If the signal drops under thaspt lower bound then corresponding
window is not chosen by the algorithm.

We may also want to exclude signals with amplitudbeve 99.5% of the maximum

observed amplitude in our noise records in ordavtmd signal saturation.
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As soon as the window is selected the algorithrkddor new window. The neighboring

windows will generally overlap and overlap amountither set by the user or 20% by
default.

The display module is used to display the trackes,tpe outcome or carry out dissimilar

operations on the traces such as zooming or mavindbw selection. Simply the results

of the performed manipulations on the records @asden on the display module but not
the process themselves.

Figure 4.1:- General view of J-SESAME (Bard e28i04).

4.5 Data Collection
Data has been collected in two field work duringc®maber 2007-January 2008 and

summer break 2008. In the first trip data has bealected from Muzaffarabad city,
Azad Kashmir, Pakistan. This city was mostly aféelctiuring Kashmir earthquake 2005.

Unfortunately the political situation was unstabligring this visit. Another reason was
reconstruction projects were in progress in thg witich constrains to take observation
according to the plan. At 90 sites observation weaele by using the SNO4-Noise tester.
Due to reconstruction and densely populated atea giere not ideal, compromised sites
had been selected. The observations were takengdtime period (Dec-2007-Jan-2008).

The average daily maximum temperature was arourfc€20
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Google map was used to determine the sites to lBsumed. The distribution of the sites
iIs random because of constrains due to demolisheldirgs, reconstruction work,

topography and uncertain political situation. Altigh it was tried during survey the best
to minimize the cultural noise as much as possilmiehis regards few measurements

were made during night time. This was the firsadst collected.

The second data set was collected during the sunvihe F-10 sector Islamabad capital
of Pakistan consist of 115 sites. These measurasmesre performed in the pre selected
one sector of Islamabad where a multistory buildwas collapsed during Kashmir
(2005) earthquake. This field work was carried duting summer (July-August 2008).
The average temperature was + 40°C during the fileck. Contrary to Muzaffarabd
Islamabad is a plan city. Some difficulties were doi traffic, densely populated area and
thick green areas (trees).
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Figure 4.2:- Map of Islamabad F-10 sector showirgglbcation of sites as blue circles at which amtbie
seismic noise observations were taken plotted amg@cearth.
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Figure 4.3:Map of Muzaffarabad city showing the location désias yellow circles at which ambient
seismic noise observations were taken plotted arg(@&cearth.
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4.6 Analysis and results
There are two types of empirical methods to deteemdominant frequency and

amplification factor, reference site and non rafeee site method. Nakamura 1989
introduced a simple and inexpensive technique wischidely used method to find the
resonance frequency of the site. This method igdas horizontal to vertical (H/V)

spectral ratio of the ambient noise records (Mundzj09).

The method used to estimate the site responsergpedioth of the cities (Muzaffarabad
and Islamabad) of Pakistan is non reference sidknique for the assessment of site
response using ambient seismic noise which is alted the Nakamura method
(Nakamura 2000). The method has already been disdum previous chapter. The
method has been refined and software (dedicatesljals® been developed during the
extensive three years projedite effects assessment using ambient excitations
(SESAME). This project was funded by the Europeam@ission (Atakan et. al, 2004.
2003, 2002, Bard, et al., 2004, Koller, et al., £20@omplete details about the project
could be found web padetp://sesame-fp5.0bs.ujf-grenoble.fr/

4.6.1 Description of the measurements series
For the estimation of site response spectra froorortremors is based on taking ratio of

horizontal (H) and vertical (V) component of theasded ground motion (Nakamura
2000, 1989). The ambient Seismic noise presertargtound is the main source for this
ground motion. In this study recordings have beadenfor ambient seismic noise in
different places (Muzaffarbad and Islamabad, PakjstOn the basis of these recorded
observations J-SESAME program used to compute tineesponding results (spectral
ratios) (Atakan et al., 2003, 2004).Nakamura apgras reliable for the determination of
the fundamental site frequencies but it has alem lmbserved that frequencies of higher
order cannot be reliably determined by using tpisreach. Since fundamental frequency
(site response) is the prime important from an megjiing point of view. The higher
modes of this frequency (fundamental frequencyitef ®sponse) are infrequently some
important. Nakamura method has another disadvaritage&not control well the precise

97



amplification factor of the fundamental site resp@ifirequency. By using this approach
one can get some general in sight about the amwgtibn factors. One should always
keep in mind that amplifications are feebly consed. If it is desired to have better
control over the amplification factor, other tedues may be used at one site of interest

so that amplification factors can be compared.

User may obtain fundamental site response frequanhseveral different sites at low
price and comparatively in short periods of timeusing Nakamura approach which is a
significant advantage. This is not possible by gsiather methods. Generally
measurement at one point or site lasts about 4Qutesn Time takes to move the
equipment from one place to another (distance katvgtes 150-200 m) is on average
about 20-25 minutes on foot and use any transp@richr about 10-12 minutes. Thus on
average time for one measurement is about 50-5%itesn According to this in one
working day one may take 6-8 observations. A daselof 185 points can be collected
by single person in 20-30 days. Comparatively iingsother method like standard
spectral ratio may take couple of months and needral persons to maintain continuous
operation of the seismic network for collectiondafta for site response spectra. In this
case again the output would be site response spfectfew sites and the cost for setting
up and function of the network will be considerabf@ne of the selected cities
(Muzaffarabad) was demolished badly during Kasi{@actober 2005) earthquake, heavy
construction was in progress which was also ortefnajor constrain to select a site for
observation. In addition to earlier mention corigBathe area under investigation
(Muzaffarabad) is thickly populated area and nas a planned city. These constrains do
not allow me to take site measurements as planrtezligrid points are not even because

of ground realities mentioned earlier.

Seismic noise is always present in the ground wirclused in case of Nakamura
technique for assessment of site response; agai® @n advantage over the other
techniques (Standard spectral ratio and Surfadeotehole spectral) which required to
registering many earthquakes to determine thersgponse spectra. (Field and Jacob
1995, Liu 1992)
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4.6.2 Steps to perform
We use Google earth map and mark the points forsumrements. These sites for

measurements should be uniformly distributed toecalie pre-selected area. In order to
get good quality contour maps, one needs to hawnlgvdistributed points of
measurements. From Google map by using the gtidrgphe coordinates of the grid
points are taken for site measurements. Due toyheamstruction in progress, debris,
complex topography and thickly populated area, lenabobtain even distribution of the
sites of measurements for both of the cities(Muafiad & Islamabad). In case of
Islamabad comparatively close to the pre-set tqtdeiform distribution of measurement
sites) as the city is well planned. Sometimes tla@esunavoidable reasons to measure
exactly at the desired site (may be middle of thees or front of the shopping center). In
this case tried to find a suitable place as mucklase to the desired point. The site
should be as far as possible from working machinemyltistory buildings, tall trees,
heavy traffic streets, factories which may bring ground motion with a specific
frequency. Sensor and computer should not be shgrudirect sunlight if feasible (This
was not achieved in case of Islamabad survey wiahconducted during summer June-
July). It has been realized during filed work thgitkeeping away from direct heat on the
equipments, provide the best achievable performafidbe sensor and computer and
make longer battery life. As sensor used is noewptoof sensor. Observations should
not be taken when it is raining as it generatesnsiei noise. Observation must not be
taken by putting the sensor on tall grass. If ihas possible to change the site then one

should tramp the gross before placing the senstudit sites.

After selecting site we use a magnetic compasmtbthe north direction and then orient
the device to the north (as indicated on the imsént). Instrument must be leveled before
starting observation; it can be done by using le@elce the instrument has been set we
use global positioning system (GPS) receiver tal fthe coordinates (Latitude and
longitude) of the point of observation. GPS takesa time to give precise coordinates.
In some cases we have to repeat the latitude amgitlole measurements in order to
make sure that the coordinates are exact. All thectremagnetic devices and

electromagnetic wave emitting equipment should eplaway from the sensor just to
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avoid any electromagnetic interaction betweers@eand electronic device. During the
survey before starting the instrument coordinatesewtaken and GPS was usually
switched off.

After this turn on the instrument and connect iat@ptop computer through serial line.
For data acquisition Seislog has already beenliedtm laptop. First time when we turn
on the system, we must configure the device andreta properly as instructed in the
manual. Channels must be configured and physicpigked one by one. After
configuration it is good to test the instrument e it is working properly or not. It
can be done by monitoring each channel for some &nd performing jump test to check
system shows the signal appropriately. Then tls¢esy set to record some time (5-10
minutes) in Bergen (park adjacent to universityfeat places just to check the system
and learn about the system before leaving for figjlto Pakistan. We must note start
and end time of recording when record (event) dldumped from computer or wrist
watch or stop watch. Usage of stop watch is a befpion technically. We used the
timing from computer start and end time when recead dumped during field work.
When instrument has been set and is on for obsenvétten we should make notes,
sketches to illustrate the observation point asrunted in the guidelines for the field
work. It is important to keep the track of infornaet (date, GMT time, geographical
coordinates, weather conditions like wind, rain aethperature) required later on
regarding the observation points. During the figlork we must note the nearby noise
sources which can affect the real data collectedhfe site. The observer may collect/
note other information that can be used or heldtuing analysis and interpretation of
the data. This information may be particular focle@bservation point that occurred
during the measurement. The measurements haverbeerded carefully daily during
field work. At the end of the day, when we havenpteted the planned observation for
the day. We pack the equipment, bring back to ersid and then store it in proper place
(dry). In some cases when using rechargeable patee has to connect it for charging.
We have to make sure before leaving for filed wimdin the residence that battery has
been charged fully. Usually we did not use thedsgttiuring filed work. In sensor SNO4,
9V dry battery was used and laptop battery wasarggud as and when required. We also
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tried to connect the laptop with power directly wheer it is possible during the
observation. It was also connected to power duang break (lunch or tea) just save
time. Data were stored in different directoriesiggvthem specific number like 1ISB0O01,
ISB002 for Islamabad city and so on and for Muzatbad MZD001, MZD002. At the
end of everyday data were stored in USB as back up.

After completing the field work processing of datarted, we used commands (DIRF
AND WAVE TOOL) from SEISAN software to convertdldata in GSE format which
is acceptable by J-SESAME software. Now the dataady to use J-SESAME software.
At this stage we use J-SESAME to compute H/V speftir every site and site response
frequency.

4.6.3 Comparison of Two data quality in cities
Both of the studies involved measuring and recaydire observations (ambient seismic

noise) in two cities (urban areas) and collectimfprimation about the local site
conditions observed during the field work in theaunder investigation. It was seen
during two surveys that ground conditions like ficaf building were different. The
Muzaffarabad city was badly affected by the Octol#005 earthquake. The
reconstruction work was in progress during thedfigork. At many places heavy
construction machinery was on when the filed wodswonducted. This was one of the
major reasons that we are unable to take measutexaenly as planned. This city is
not planned. Topography is also complex. The @tgituated on the bank of Neelum
River. Islamabad is a planned city and its topogyais quite smooth as compared to
Muzaffarabad city. This led us to anticipate tHa two data set collected may not be
very closely comparable. Here we will compare thaligy of two data banks using two
parameters inferred from noise traces and obtasied response spectra, number of

selected windows and percentage of clear peaks.

Figurers 4.4 and 4.6 are bar graphs, show the nuailselected windows for each point
for the data sets collected in Islamabad and Maralffad, Pakistan respectively. For
most of the sites in the two data sets we madet&®minutes records on the average.
From the two bar diagrams we have seen that nuoflslected windows for each point

for the data set collected in Muzaffarabad are coaiprely less than the number of
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selected windows for each point for the data séiected in Islamabad. The average
number of selected windows for each point in Mumabad is 45 as calculated and
shown in figure 4.7 with red thick line. However aase of Islamabad the average
number of calculated selected windows for eachtpari@ 50 as shown in figure 4.5 red
thick line. This may be because of the fact thahsneements made in Muzaffrabad carry
more noise from external sources (unwanted noise)cempared to Islamabad
measurements. Since the number of selected winflmwsach point in Muzaffarabd is
smaller than that of Islamabad, we may say thatqility of data set collected in
Islamabad is better as compare to data set callest®Muzaffarabad. It has been known
from the old studies that for trustworthy calcwatiof the site response spectra one need
to have 10 windows 20 seconds each (Atakan 20@B,2Bard 2004). The two data sets
show that the average numbers of windows are goodigh what is required for the
reliable computation of a site response spectrumth® basis this we anticipate that both
of the data sets must have the same class/quathyrespect to calculated/computed site

response spectra and also the taken out fundamstegafrequency and amplification

factor.
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Figure 4.4:- Bar graph showing the number of wind®elected for each point for the data set colieicte
Islamabad, Pakistan

102



Number of selected windows for every point

100

80 -

01— Axh A A A A 7V Y
60—1—A—A—A‘A A A A Aa L‘—‘—f

90

Number of selected windows
(o]
o
5>
»

A
20 A A . N A
10 A
0 T T ! ‘\ ! T \*\A\ T T T \“ T

0 5 10 15 20 25 30 35 40 45 50 5 60 65 70 75 80 85 90

Point Number

Figure 4.5:- Diagram showing the average numbeetscted windows for each point (thick Red lingj an
a number of selected windows for each point (biizagjles) for the data set collected in Islamabad,
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Figure 4.6:- Bar graph showing the number of wind®@slected for each point for the data set colieicte
Muzaffarabad, Pakistan
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Pakistan.
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4.7 Classification of Spectra

The site response spectra computed from the det@aléected from the two cities
(Islamabad and Muzaffarabad) can be categorizeeifidllowing three groups.

* Response spectra with single clear peak

* Response spectra with two or more peaks

* Response spectra with several peaks

» Response spectra with no clear peaks or very ditfio identify

Few examples are given for each groups mentionededior the two data sets. All of the
other spectra are available in appendixes in @eittiform.

Statistics of the frequency Spectra computed famabad and Muzaffarabad.

It has been seen clear spectra 80% in case of dbladndatabase while 82% in case of
spectra computed from data set collected from Marabad. Therefore, it can be

concluded that the results obtained from analyzivgtwo datasets must have similar
quality because the percentage of the clear speotrputed for both of the datasets is
almost same.

However, it has mentioned earlier that in Muzaff@d spatial distribution of the
measurements points is not uniform (due to heawgtcoction in progress and cultural
noise). Maps for Muzaffarabad have lower qualitg@aspared to Islamabad.

4.7.1 Islamabad data base Response spectra withgm clear peak
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Figure 4.7:- Site response spectrum computedeatSB085 showing a clear peak from the database
collected in Islamabad.
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Examples of site response spectra having a sihgge peak are shown in figures 4.7-4.8
for the observation points ISB085 and ISB002 respely. The peak frequency of this
group is about 1 Hz. Majority of the spectra hagakpclose to 1Hz. The thickness of the

sediments is not even in Islamabad area as medteadier. It varies 30 to 100 (Sheikh

et al.- Environmental study report).
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Figure 4.8:- Site response spectrum computedeat3SB002showing a clear peak from the database

collected in Islamabad
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Response spectra with two peaks
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Figure 4.10:- Site response spectrum computedeat2B081 showing two clear peaks from the database
collected in Islamabad

Spectral ratio (HIV) O B
g — HV
“C:\Dos and i jjad Ahmad D P
— HW*Sd
7A]
— HWViGd Main Processing Parameters
7l .
freq_spacing:ft
offset_rernir_mean
6.5 tapercos:d
instrument_resp:no
& smooth:konno-ohmachi40.0
1 mmetge_typecguadratic
single_componentno
55 average_type:log
single_wir_outno
g
44
2
:
i 4
H
3
i
: 34
3]
25] /
2
15 i
' /
0.4
1)
01 1 10 100

Figure 4.11:- Site response spectrum computedeat2B048 showing two clear peaks from the database
collected in Islamabad.
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Figure 4.12:- Site response spectrum computedeat&B017 showing two clear peaks from the database
collected in Islamabad.

Site response spectra having two peaks are (ISBSBD48 and ISB081). The first peak
in all of the spectra is close to one while theosecpeak is having the higher values. It
seems to be due to noise present near the measursitee There was frequent traffic
near ISBO17 and ISB048 at the time of observationcase of ISBO81 grass cutting

machine was on at distance of about 16m, produmngnuous noise.
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Response spectra with several peaks
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Figure 4.13:- Site response spectrum computedeat&B073 showing several peaks from the database
collected in Islamabad
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Figure 4.14:- Site response spectrum computedeat&B075B showing several peaks from the database
collected in Islamabad.

In case of response spectra with several peaks meanare (ISB011, ISB73, and
ISBO75) shown in figures 4.13-4.15. ISB0O75 and I8B@re sites in big park where
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cultural noise was unavoidable. This may be on®fpossibility (construction was also

in progress at the time of observation) to givehhiiggquency spectrum. Secondly may
the sediment underneath the site variable (Lithplad thickness).

Complex Response spectra
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Figure 4.15:- Site response spectrum computedeat3B011 showing a complex shape and no clear peak
can be recognized from the database collectedamébad

Complex response spectra have been calculate@Vera points in the data base. In this

case it is difficult to figure out clear peak. Sugpectra were computed at 1ISB46 and

ISB50 shown in figure 4.16-4.17. In such cases not clear which is the fundamental

site frequency even with the information in hanawhthe spectra components (north-

south and east-west). This may be due to a comdmatf complex underground

conditions or presence of noise sources.
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Figure 4.16:- Site response spectrum computedeatSB050 showing a complex shape and no clear peak
can be recognized from the database collectedamé&bad
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Figure 4.17:- Site response spectrum computedeat&B046 showing a complex shape and no clear peak
can be recognized from the database collectedamébad.
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4.7.2 Muzaffarabad data base

Response spectra with single clear peak

Majority of the site spectra computed from the dstse collected from Muzaffarabad
city have clear peak around ten. This probablytduee nature of the sediments which
are manily coarse grained which in agreement veitiemt deposts in Muzaffarabad
shown in figure 2.6-2.7 in chapter 2 . In caseinfle clear peak examples (MZD012,
MzDO014, MzZD017, MZD019, MZD058, MZD063) MZD076, MALY4) shown in
figures 4.18 to 4.23.
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Figure 4.18:- Site response spectrum computedeaMsdD012 showing a clear peak from the database
collected in Muzaffarabad
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Figure 4.19:- Site response spectrum computedea&D014 showing a clear peak from the database
collected in Muzaffarabad
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Figure 4.201:- Site response spectrum computeiteati D017 showing a clear peak from the database
collected in Muzaffarabad.
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Figure 4.212:- Site response spectrum computeitealt’¥ D019 showing a clear peak from the database

collected in Muzaffarabad.

113



Spectral ratio (HIV) -
152,
— HW
"C:\Documents and Settings'Sajjad Ahmad'Desktop'F|
14.4] — Hnv*Ed
136 ] — HA”ISd Main Processing Parameters
12.8] fred_spacing i
offzet_rem:r_mean
tapercos:s
12}
instrument_resp:no
12 smaothkonno-ohmachi:40.0
24 merge_type:quadratic
single_componentno
1004 ) average_typelog
single_win_outno
9.6
ag)
o
5 8 |
I
= 7.2) ‘
@
2
o
6.4
A6 )
4.8
4]
32]
2.4
1.6
0.e
1}
iy 1 10 100
Frequency (Hz)

Figure 4.22:- Site response spectrum computedeaMsdD058 showing a clear peak from the database
collected in Muzaffarabad
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Figure 4.23:- Site response spectrum computedeaMsdD063 showing a clear peak from the database
collected in Muzaffarabad
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Response spectra with two peaks
Examples of response spectra with two peaks are 04ZDMZD056 and MZD074,

andMzZDO076, shown in figures 4.24 to 4.27. Possibison may be the industrial noise
as the observation were taken in the thickly pdedleaity with heavy construction in
progress or may be due to frequent traffic. Anothessible reason may be variation of

the thickness of the sediments in underneath tkerghtion points.
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Figure 4.24:- Site response spectrum computedea& D076 showing two clear peaks from the database
collected in Muzaffarabad.
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Figure 4.253:- Site response spectrum computeiteat’D074 showing two clear peaks from the
database collected in Muzaffarabad.
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Figure 4.26:- Site response spectrum computedeaMsZD056 showing two clear peaks from the database
collected in Muzaffarabad
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Figure 4.274:-Site response spectrum computedeab/iD047 showing two clear peaks from the database
collected in Muzaffarabad
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Response spectra with several peaks
Response spectra with several peaks (figure 4.283@) are seen in case of observation

points MZD022, MZD027, MZD045, MZD079 and the relasoay be variation in the

sediment thickness or type of unconsolidated neltéigure 2.6-2.7). Second possible
reason may be cultural noise. In some cases aficialtinoise was present near
observation point like MZD045 and MZD022, culturadise and industrial was present

respectively.
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Figure 4.28:- Site response spectrum computedeaMsdD045 showing several peaks from the database
collected in Muzaffarabad
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Figure 4.29:- Site response spectrum computedeaMsiD045 showing several peaks from the
database collected in Muzaffarabad
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Figure 4.30:- Site response spectrum computedeal& D022 showing several peaks from the database
collected in Muzaffarabad.
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Figure 4.31:- Site response spectrum computedeaMsdD079 showing several peaks from the

database collected in Muzaffarabad.
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Complex Spectra
Complex spectra with no clear peak for the obsamgboints MZD027 and MZD090

has been computed. The reason may be the completuse underneath the observation

points or may be due to noise.
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Figure 4.32:- Site response spectrum computedeaD027 showing complex shape and no clear peak
can be recognized
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Figure 4.33:- Site response spectrum computedeal&fD090 showing complex shape and no clear peak
can be recognized
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4.8 Discussion and Conclusions

Geological as well as topographic conditions of ttw cities (Islamabad and
Muzaffarabad) are substantially different. Islanthis#te is plain and near to Margalla
hills and as mentioned earlier sediment thicknesslow according to previous
environmental study. Its lithology is quite smoaethich has also been indicated by the
map of spatial distribution of the frequency ob&airby using first peak observed in the
area (figure 5.5). On the other hand Muzaffarabhfdhas quite different thickness as
well as lithology as mentioned earlier (Chap. isTarea is complex and deposits are
coarse grained giving a high frequency as showigure 5.2, 5.3 & 5.4. Muzaffarabad is
situated at the junction of rivers so the depamitspebble and bolder type (Chap 2-figure
2.6 &2.7).

4.8.1 Islamabad City (F-10 Sector)
Islamabad frequency map giving a consistent ovenaoé the area except few spots of

different frequency which are may be due to vasiain the thickness of the sediments
deposited in the area. In general it seems to beclear that the frequency lies in range
of 2 Hz. As the area is near Margalla hills (ab8Wm). Thickness of the sediments is
variable 30 to 100m (Sheikh et al.- Environmentatlg-Islamabad-Rawalpindi)

CDA hydrological test hole also shows that the deyftthe water column also variable.
As it is well known that saturated layer gives aalyic response and extends duration of
the wave.

Distribution of the sediments can decide aboutdite response because the response
depends on the sediment layering and lithology.

The double peak indicate more than one uniformrlaféhickness (different lithology)
Several layers give response having several peadaube of the response of the different
material lying underneath site.

Buildings in Islamabad are modern and comparatieélgood quality in construction as
compared to Rawalpindi area. Rawalpindi is an otg and densely populated. The
thickness of the sediments is higher as compardtigdslamabad area (Sheikh et al.

Environmental study-Islamabad-Rawalpindi ), scsiin more due to local site effects.
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Site response study is also valid for Islamabag Bturing Kashmir earthquake 2005 the
multistory building collapsed has no connectionthwirequency response as the
frequency response obtained is quite high in tlea avhich does not corresponds to
resonance frequency of such high rise building,the® failure may be due to poor

construction.

Local site- As it has been observed that a shatadce can produce change in the
response because of the change in variable sedirtfeckness that is why it is logical to

say it local site response.

NW SE

Margalla Hills

Islamabad Rawalpindi
g Surface

30m

100m

Figure 4.34:- Sketch of the sediment thicknesslanhabad-Rawalpindi areas (Rough sketch on thesbase

of previous study- Sheikh et al Environmental studiamabad-Rawalpindi).

(Scale used for surface line 1cm = 1km and incgi@ickness line about 1 cm = 30 m)

It is general consensus in scientific society thatplification factor obtained by this
method is not reliable. In case of Islamabad ¢igyamplification factor obtained is quite
stable over the entire region. It varies from Ztg§ufe 4.37). The reason for this smooth
behavior of the amplification factor is not knovBased on that minimum factor of two
should be considered in site response but not showit as the method used is not

sensitive regarding calculation of the amplificatfactor.
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Figure 4.35:- Map of F-10 sector Islamabad cityvging the spatial distribution of the frequencytloé
site with first peak.
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Figure 4.36:-Map of F-10 sector Islamabad city,veing the spatial distribution of the frequency loét

second peak.
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Figure 4.37:- Map of F-10 sector Islamabad cityveing the Amplification factor distribution.

4.8.2 Muzaffarabad City
Muzaffarabad is situated at the junction of theemrsv as mentioned earlier, so the

sediments deposited are high energetic (pebblegeboit is also indicated by the results
obtained from the first peak spectrum of the obstons taken in Muzaffarabad. Site
response gives high and variable frequency.

Distribution of the observation points is not umifo Reasons for not having good
distribution of observation points are that theerevfew reasonable point available (due
to have construction in progress, traffic and otheavoidable). Some of the planned
places in the city where it was not possible tetakservation like public place or very

inclined place where it was difficult to keep equignt for observation.
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Figure 4.38:- Map of Muzaffarabad city, showing #patial distribution of the fundamental frequen€y
the site ranges 0-10 Hz.

According the frequency profile shown in the plbwath second peak (figure 4.39-4.40).
It gives more energetic impression. Frequency ghéri and variable in this case too.
Therefore, it can be concluded that the damagehismcity are also not due to site
response, the other reason may be topography, drehaking or poor construction

material during Kashmir earthquake 2005. As it entioned earlier that cities situated at
hill on hill tops experienced more damage than c¢hes situated on the foot hills.

Surface to surface topography influences the aogsitand frequency contents of the
motion. The focusing and defocusing of the incomssismic waves may be due to
particular topographic features of the area ofrege(Bard, 1994; Lacave, 1999).
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Figure 4.39:- Map of Muzaffarabad city, showing #patial distribution of the frequency of the siti¢h

second peak ranges 0-18 Hz.
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Figure 4.40:- Map of Muzaffarabad city, showing #patial distribution of frequency of the site with

second peak ranges 1-25 Hz.
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Figure 4.41:- Map of Muzaffarabad city, showing thaplification factor distribution.

Amplification factor obtained in case of Muzaffasalcity is variable (figure 4.41). It has
the variation in the entire city. The reason maytlhe result is extrapolated by the
program used as the distribution of the pointsds even. Keeping in view the results
obtained minimum factor of 3 should be consideresite response again it is not sure as

the method used is not sensitive to calculate dicgdiion factor.

4.8.3 Comparison of the two cities
Results obtained from the two cities are expedidaizaffarabad is situated at the high

energetic bed while Islamabad’s sediments are (gettied and fine compared to
Muzaffarabad. The sediments show the smoothneskslamabad indicated by the
frequency response maps (figure 4.35-4.36) obtaivtel in case of Muzaffarabad high
variation has been seen (figure 4.38-4.39-4.40vake of Muzaffarabad the observation
sites are not well distributed as compared to lalzend. Still the frequency maps are

showing high as well as variable frequency whichars indication of variation in
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thickness of the sediments lying underneath théystmea which is in agreement with the
existing condition shown in figures 2.6-2.8.

In case of Islamabad as mentioned earlier study iaraear Margalla hills. According to
the previous environmental study the thickness haf sediments ranges 30-100 m.
Lithology given by the CDA hydrological logs alsleasvs that sediments are more or less
same (shales, clay+shales or sandstone). Thickii¢le sediments increases in the area
which is farther away from the study area (NW-S&g figure 4.34. In this direction an
other thickly populated city Rawalpindi is situat&ite response is valuable for both of
the cities (Islamabad+Rawalpindi). ComparativeRlpindi is in more danger because
of poor construction, densely populated and higtiinsents thickness (Sheikh et al.

Environmental study of Islamabad-Rawalpindi area).

High energy can be produced due to relatively ig sf the sediments (pebble, bolder)
As the distance from the mountain increases thia gize also becomes fine and fine like
in Islamabad where fine grained deposited showrthbyhydrological test holes (sand,
shales+clay) on the other hand Muzaffarabad sedsr#gposited are very course, thin
sand distributed unevenly due to seasonal flooggoMlifference fits well in both cities

Islamabad and Muzaffarabad in the context of fraguespectra computed.

129



5 Concluding Remarks

Pakistan region has history of facing several disas earthquakes. Recent Kashmir
earthquake 2005 was the largest disaster in therregsulting in a large loss of lives and
significant economical loss. Future planning isdeskto minimize the losses due to
earthquake by better understanding the tectonicegses and associated earthquakes
threat in the region. In this regard Pakistan Metlgical Department (PMD) is in the
process of improving the seismic monitoring by thstallation of 20 Broad Band, 50
Short period and 50 strong motion stations. The PiMDwork is now in completion
stage, which will help in providing useful localtdado address the research problems in

the future.

In this study with limited PMD seismic network datdest processing has been done and
compared with international data from PDE. The epier locations of earthquakes
calculated by the PMD data and PDE are not in gagckement. The magnitude
comparison of local network and PDE suggests teal Imagnitude is quite close to PDE
magnitude as compared to coda magnitude calcutatede PMD data. Therefore, it is
recommend that local magnitude may be used urdildévelopment of own magnitude

formula.

Secondly, a local site effect problem has been em$ed in two cities (Islamabad-

Muzaffarabad). The spectral ratios of horizontalthhat of the vertical component of

ambient noise readings reveal more consistentteethdn in terms of Islamabad when
compared to Muzaffarabad. A Previous study reggrdine environmental geology of

Islamabad-Rawalpindi area, Northern Pakistan, plexvisome clues about the type and
thickness of the sediments in Islamabad. The Hidion of fundamental frequencies in

Islamabad is in accordance with the expected bebawf the sediments. In addition

hydrological test holes made in Islamabad and Rawnail areas, show that thickness of
the sediments seems to be shallow in Islamabadrapared to Rawalpindi. In this sense
the local site effects are likely to pose more @esi problems in Rawalpindi area,

especially when the relatively old building stoskaken into consideration.
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Future studies in this region should focus on imjprg the monitoring earthquakes and
understanding the seismic hazard especially wilanckto the local site effects in major

population centers, such as Rawalpindi.
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8 Useful Internet Sources

Name

Internet address

SESAME project

http://sesame-fp5.0bs.ujf-grenoble.fr/

Informtion about
Muzaffrabad area

http://www.cybercity-online.net/Pakistan/muzaffaadthtml

http://www.geo.uib.no/Seismologi/software/seisleggCE.html

History made every
day

http://www.history.com/this-day-in-history.do?actmArticle&id=50842

SEISAN software
8.2.1 and manual

http://www.qgeo.uib.no/seismo/software/seisan/seigar

British Broad casting

(http://news.bbc.co.uk/onthisday/hi/dates/storiggésmber/19/newsid 42520
0/4252078.stm

Geological survey of
Pakistan

(http://www.gsp.gov.pk/paksitan/tectonics zones.html

PMD

http://www.pakmet.com.pk/

International
seismological Center

http://www.isc.ac.uk

United States
geological survey

http://earthquake.usgs.gov/regional/world/pakisaishicity.php

The Tsunami page

http://www.drgeorgepc.com/Tsunamil945Pakistan.html

Google earth

www.earth.google.com

J- SESAME software

http://www.geo.uib.no/seismo/software/jsesame/jseshtml

Environmental
geology of Islamabad-
Rawalpindi

http://pubs.usgs.gov/bul/2078/B2078_chapter_G.pdf
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