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ABSTRACT; Cox's Barar mumcipal arez runs = high nzk of earthguzke sxposurs dus to-geologie and tectonic structures. As a part of
adoptng earthgquake mitization approaches for the restom, 2 seismic mucrozonabon mmap was developed on the basis of potentizl of
sarthquake ocomrences and gromd suscepitbility to ezrthquake For microzonation purposes, a total of 26 borelog: were used to study zie
amphfication as well az soi1l liguafaction potential of the mumicpality arez. Bite responses were astimated throush one dimensional wave
propazzticon software SHAKE. The iguefaction potenhal was evzluated waing two simplifiad procedurss. proposad by Sead ot al, (1%83) and
Iwazalk et al {1956) to measure whether the site 1= houehable or pon-ligeefizble. For slope stabihty analyziz, XESTABL prozramme was ussd
which parforms two dimesnsional Iomit equilibrmm analyses to svaloate the factor of safety for 3 lavered slope vaing the simplified Bizkop
Mlethod. These razults were tranzformed into a map which will serve a:z 3 general sunde to ground-failure suscaptbility, effective land wsa,

and efficrent tomn-plannins.
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i INTRODUCTION

Cox'z Bazar Mumepzl 1= locsted m the Southeastern part of
Bangladesh, beside tha Bay of Bensal onder the diztriet Cox's
Bazar. Tha area 15 famoue for her outstapding: natural baawty. The
district bas an zrea of 2491.9 =g kb with 2 population of 1.8 Million
{BES, 2001). Cox's Bazar pmmcipahty coverms an arez of 685 =g,
km 1= located at 21.38°N, 92 .02°E. Cox’= Bazar fall: m zone Z with
2 zaismic coefficient of (152 Fecent sarthgnakss in adjoinins aress
of Cox’z Bazar indicate 2 warning that the people of that ares chonld
take adequate measures agsinset sarthgoakes.

Anbashzsan and Sitharam (2010) presented zemmic site
elaszification using borshioles and shear wave velocify and aszezzed
the sunzble method for shallow engineerme rock region. Islam and
Hossam (2010} estmmated liguefaction potembal of =zalected
reclaimed areas of Dhaka city based on standard penstration test and
shezr wave veloctty. Motazedian et al (2011) zpphiad four different
setzmmie methods which were down hole intarval v=. meazsurements
at 13 borchele  sies. zemmuc  reffaction—reflecton  profils
meazurements for 686 sites high-rezolution shear wave reflechion
“landstreamer” profiling for 25 kbon m fotal and borizontal-to-
vearticzl spactral ratio (HVSR) of ambient seismic nodza to evaloats
the fundamental freqguency for ~400 st for development of 2
Va3l (MEHEPRY map for the citv of (htawa, Ontano, Canada: Lows
atzl (2011) made sarthquaks hazard class mapping by Parcal mTaz
Veszz Vallev which incindad more than 10000 measuremisnts that
classify mdividual parcel: on the WEHEP hazard scale. Ancther
earthguaks hazard clazs mappme by Parcal was made by Lome ot al.
(2012 which mmcheded 10,721 surface-wave zmray msasurementc
that clazsxfy mdradual parcals on the NEHRP hazard scale Cox et
al. (2017 worked om frozen and onfrozen shear wave velocity
zerzrme anie clazsification of Farbanks, Alazka winch was bazed oo
3% shear wave velocity (Vi) profiles collected pzing the spectral
anzlyziz of surface waves (BASW) methed Mlohamty znd Pata
{2812} aszazsed houefaction potential of pond ash at Pampat in Indiz
vsins SHAKEID where the lignefachon analyzis of pond ash nes
carmad oot by using Seed and Idrzs method and 1-D groumd
rezponse analyzis. Irfan et al (2012) worked on local site effects on
se1zmie sround responsé of Dhubas-Bharjah metropolitan area whare
dynamic properiies of selected 2o0il profiles were svalusted usins
ampirical relations between Standard Pematration Test (SET) 10-
values and shear wave veloesty (Va) Mamme and Batvam (2013}
estimated the loczl sie effects uzmmg mucrotremcor festing In
Vipavawada cify, Indiz where microlramor surveys were carmied cut
at 73 different Iocatioms 1n the Vijayawada whan area and anahras

was carried out tsimg the MNakamuora techmigne. MNatural Resomrces
Canzda (NECan) (2013} adapted Hazos for seismic nsk assessment
m Canada which wzs z standardized best-practice methodolosy
developed by the US Faderal Emsrzsncy Mznasement Asency
(FEMA) for  estimating potential losses from common natural
hazzrds such az sarthguaks: floods, and hurnesnes. Thaker and
Rao (2014} worked on zsizmic hazard analvsizs for urhan tesritories
at Ahmedabad region m the state of Guarat, Indiz where sarthquake
datz has been analvzed staticzlly and the seismicity of the rezion 1=
evaluated by definme '3’ and &' parameters of the Guisnberg-Fichtar
relationship. Dhesai and Choudhury (2014) waorked on determinmistic
zZefsmic hazard zmalveiz for Greater WNumbai India where the
semsmmac sources were demtified from the selzsmotectomic ztlas of
India wathin the contrel regien of 300 low radin: around Alumba
Crity and the epistemic: uncertamty muvolved m estimaton of
differsnt imput paramsters waz zccounted withm =z logie tres
framework 21 and Sttharawm (20168) ressarched on detection of local
zite condifioms 1n Tripura znd Aizoram usmmg the toposraphc
gradiant extract=d from remote zsmzins datz and GIS techmigues
where Pezlk Growumd Aceslaration (PGA) at the bedrock for the states
of Trpmra znd Alizeram m NE Indiz was eshmated using
Probabihistie Seismse Hazard Amnabyziz (PEHA) which considerad
lmear sources and svent= {from 1731 to 20H)) with appropriate
gromnd motion prediction squations applicable for 2E India,

In thiz studv, for microzonaton purposes. bore holes with SPT
datz and historical larse earthguzkes were wsed 2= scemano svents.
From aftenuzhon lzws, Pezk Grownd Acceleration (PGA) m the
bedrock lavel was estimated and nzed fo develop a resiomal
combmed :sersmic hazard map based on zsite liguefaction,
ampiification and zlops sability.

2 GEOLOGY OF THE ARFA

Cox's Bazar town is located af the Middla-West part of the district
boundsd by the Bakkhali Eiver on the Morth and Morth-Ezst. The
area lies within the Easfern fank of Inani Antcline, trendins
towards WHW-S5W, whoze Western Flank 1z eroded. The existing
Eastern Flank of the anticlns 1z alzo m the process of contimucus
erosion. Figure 1 shows the Sorface Geology of Cox's Bazar
humicipal zrea accordines to the Geological MAap of Bangladezh
(Alam ot al., 1990} The Westarn Fizure revaals that the arez sround
the city of Cox's Bazar predominamtly compeosed of Valler
Allprzum and Collwnum and Dihms Formation of Pliocene-
Plastocene zz2 Focks of the Pliestosene. Phocens and Meogens
ages are alzo exposed in the area: The sxpozed rock unitz are mostly
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composed of sandifone and clavstone. Six Lohestraberaphee umts
have been obzerved from the Geclozical Map of Bansladesh. To the
wast of the Mumicipal Boundary, the strand of coasztzl Dieposit
Beach and Duna Sand, bies extending towards south. To the East of
Beach and Sandsione, thera liez ancther namow zome of Boka Bil
Formation of Meogens age A shght namow zone Tipam Sandsfons
of Meogene aze forms the Fasterm side of BokaBil zone. Alongs the
Eazzt of Tipam Sandstone zone. another formation of Bedrock from
Tipam Group that t= Girgjan Clav of Pleistocene and Meogene aze
hnez. The MNorth Eastern boundary of the town consists of Alhomaal
Diaposits of Valley Allovivm and Colluvium. The south sastarn part
of the town haz basicalkr Dihins Formation Badrock which =
charactenzad as vellow to vellowash-grev, massrva. fine to medium
sraimed poorly consohidated sandstons and clavey zandstone Dupr
Tila Formation of Plawtocens znd Pilocene ape lss fo the sonth of
Dhhing Formation whtch muzht have 2 shight mfluence in the surface
geology of the city. Dupi Tila iz characterizad 2= vellow to ochrs,
pink, lizbt-brown, lisht-erey to srayish-white or blush-zrey
sandstone, siltstons and conslomerate
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Figure | Geology of Cox's Bazar Mumcipa] {after Alam ot 2], 1990}

3 SEISMOTECTONIC SETUP

The generalized tectemic map of Banzladesh and adiomme areas =
given m Fizurs 1. The jumction between the platform and the fore
deep Tunming southeast from hMymensingh to Calouttz (the Hinge
Ilma)} 1= conmsidered to be 2 zome of waeakmess  Some major
sarthquakes can be relzted to the Dauki faolt which terminatas the
fore desp 1 the MNortheast Most recorded sarthouakes had sprcenter
further Eazt m Burma . The Himalavan arc can be regarded 2= one of
the most mtenzely achive sslzmiic reglons m this area. In MNorthezst
India, the Ehillons platean and adjacent symtax 1: between the two
accirate struchires ars ons of the most unstabls resioms in the
Alpine-Himalayan belt Earthquske datz suszest that the basement
of the Indian plafe below the Indo-Burma ranzes 1= moving narth.
Thus the shortenine m the overlyme rocks iz partly deconpled from
the bazemsnt. The MMam Boundary Thrust (MEBT) faul mutated 1n
late Miocene or Phiocene tims 1= rezarded as the present throst front
of the Himzlavas and forms the northem margm of the Himalavan

foredacp, Bengal Bazin 15 bounded on the East by the western fold
belt of the Indo-Burma ranses: The northern and the Central portion
of this fold belt zre ssiemically actve Tripwrz famlt zomns is
characterized by the lugh concentration of earthquake events. A
number of morphofectonic lineamentz have been 1dentified. Amons
these the Kopth lineamant trending 2W-BE 1= remarkzhls At the
rorth  of this zone Halflome-Dissams thrast 1= present
horphotectomic hnsaments around the Halflong-Dhzzang thrust zons
trend NE-SW, E-W and MW-5E. Miar hill 5 presemt to the
northeast corner-of the Halflonz-Dhiszang thrust, whach saparates the
Shillong platean by Kopili fault

Fizure 2 Gensralized factonic map of Bangladesh and adicimme
areas (after GGEE, 1991)

4. BEGIONAL TECTONICS

Apcording to Molnar and Tappomsr (1975), for the past 40 millon
vears the Indian subcomtment haz been pushinz northward aszime:
the Eurazian plate at 2 raie of J covyear, grong nse to the saverest
earthguzkes and most diverss land forms known Figure 3 shows
contmnued drift of the Indian plate fowards the Ewasian plate
Eecentlv. Bilham et =L (2001} pointed oot that there 1= hugh
posaibility that 3 large earthquake may occor sround the Himalavan
rezion basad on the difference batwesn ensrey accumulations mthas
resion. Lhare = 3 semmuc gap that 5 zccommlating strezs, and z
larze sarthquake may occur some day when the stress 15 relisvad:
Figure 3 shows the estimated shp potential zlong the Himzlava The
mzjor sarthguakes that have affected Cox’s Bazar area are prezentad
m Tabla L.

Fizure 3 Estimated slip poterhial along the Himalaya
{aftar {(Bilkam et al_ 2001)
Tabla 1 Large earthguakes m and around Cox'z Bazar
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Year Name Epicentrs Alsgnitnde
AL

1762 Arakan 30 ko northwest 83
Farlhgeake of Cox’s Bazar

1858 Prome Sandaway. 70
Earthguake hvanmar

1912 Mandalay Zzgainz. =T

___Eorthquake Myzmmar -

1936 Szgamg Sagzing. Tl
Earthquake Myammar

1947 Bandarban Ruma &40
Earthguaks Bandarban

1309 Mcheskhali Mchackhah il
Earthguaka Izland

& DATA COLLECTION

A total of 26 borelogs were uzed m this study. 5PT wers carmed out
m zach boring at nommal 1.3 'm mbsrvals to study sste amplification
as wall az sod] hguefarhon potential charscteristics of mumieipaltty
arez. Among them twalve subsodl imvestipations wers camied ont by
tha first author (Imbzz I009). The other fourtzen horeloss up to 2
depth of 30 maters ware collected from a ressarck project on Cox's
Bazar District (Dhar et al J008), Fizore £ shows 286 borehols
locations.

Fignre 4 Cox's Bazar mumeipal area map showme zo01l borehale
location=

At emtire area mmder Cox'zs Bazar Municipality necezsary datz
such as subsoll reports and zeclozy, toposraphy efc was collected
from different relevant somrees The GPS loczhions of all the
borehole mvestieation peintz and hill ol samples have been
presented on the dimtized mumicipahty map and were zaved m MS
Excel. For assessment of landshde potenhial Geelozical Map and
Asnal Photozraph were not available m the concernsd avthorties'
office considering this lmitation this study was camed out.

For zlope stability analyais, hilly resions of this area have been
surveved and datz of location, height, and slope have been collected
{see Fizgure 3} Whera zleven diztorbed samples from differamt
locatioms of the mmemictpal arez were: coliected for laboratory
mvestigations ncleding - specific gravity test, gram size amalvas,
Atterbers limits. Standard compachon test znd direct shear tast

. ASSESSAMENT OF SEISMIC HAZARD

The first step m reduocimg the risk of the zocisty from earthgnakes
hazard 5 the assessment of the hazard iself Szaiznuce muicrozonathon
mazp for strong-sround shakins, hquefachom and landshds can play
2 zizmificant role i minzzting the effects of earthouzke in wrhanized

rezions. Lhe ssispie hazard evalushon at a specified site depends
upon the definttion of the followms four models:

[H WS

T

Figarad Soil sample locations for eshimation of landzhdes potential

Earthquake souwrce model. It i=s based on peological evidence,
Semmec sources are identified and modelled 32 3 point. line, arsa or
dipping plane. In this study. 3 point soures mode] 1z usad

Saizmicity modal: The seismienty of aach of the model=d
sources 1= first determuned from past datz available. The recurrence
ralationship relating the zize of the past events m terms of
hizsnitude (W} and Peak Ground Acceleration (PGA) = derived, the

setsmicity mpdel nsed m Alelas and Yamaeak: (1594) =
uztally tzken as

logfv) =a+b*M T}
logiy) =a+b*laziv) @)

Whers I 3z the earthouzke masznitude and v 1= the peak zround

accelerations v is oooorrence rate par vear and 2 and b are regrassion
constants. Theze relations can be written 2z

M= {-logiT)- aih T
logiyi= {~iogiTi-al'b 4

whkere T (=1v) = the retum penod 1n vears. Thus, the above
eguztions represent masnitude and tha peak sround accelershon for
a return period of T vears.

Attenuzanion modsl of ground meotion: This dascribes the transfar
of ground mohons from the sourcs to a parhenlar site 25 = fimeton
of marmitude. distance and zoil conditions. Hera, the peak zround

acceleration 13 used to charactenze the szround motion; the
attenmation law is m the form
logiy) =By * b Mc)- by log (r) - by (7] {5

where,
i SRR P BT
r =the bvpo central distance (k)
d = the epicentral distance (km].
i =the foeal depth and M 1= the surface-ware mapnituda:
The attennation law i required to determine the peak growmnd

accalaration at the site for different svents and then to determine the
recression constants 2 and &
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Eecurrence forecasting model: For prachiezl  purposes;
sarthquakes are consmdered to be random events, and the Poisson
process 1 used, which mupliss assomptions of stzbilty znd
mdepandence over tme. For a Poisson process this may be
=xpressad az

g= 1l-sxpi-v) i)

whare,
v = the mean annual occurrence rate of events of particular peak
sround zecelerzhion over 2 siven tme £

The mozt common method wvolves the use of an smpmeal
attenuzhion relationship. These relationzhips expreaz 3 given zmound
motion parametar 2 region a: fimetion of the zize and location of
an earthouake evemt The evalustion of ssiznmuc hazard at 2 zite =
camead out only if the muimber of earthquakes 1 the arez considered
(200 km radms) 15 larger than 10 and the surface-wave magnitude 1=
equal to or srester tham 4.0 In thie study evaluation of seizmic
paramater haz: beon cammied out namg the zessmic data over 2m area
having a 230 km radivs around Cox's Bazar Aumicipal area (ze=
Fizurs ).

— -
Wiamis W
Sawmid B
3I- CLE AT
[ FEL LTl
LI FLEY A o]

TG ETH HELE

Figure & Historical Earthouskes around Cox's Bazar Munieipahty

6.1 Seleciion of
Acceleration

Attenuation Law for Peak Cround

To zelect the most smtzble sttenuston law for predictins rock
motions, the formmula adopied in the previous stodies were followsad
{Gabey 2001, Sharfuddm 2001} From these studies, 1t was found that
hieGuire (1978} az well a= Joymer and Boore [1981) sguations
follow the PGA tremd of most large szrthgnakes m and arownd
Bangladesh. Smce, MeoGure eguation was already used for
Bangladesh for seismuc hazard analyses (Sharfuddin, 2001) and dus
to s smmple form 1 was selected for further use The attenuation
lawws for rock used in this stody, are prezantad below-

PGA (from MeGuirs) = E05 060 39M p—147 {7
PGA (from Jovner & Boore) = (095555373 g~ {00058 ] 7y
Whers,

& = Earthguake Mazniude,
d = Epicentral Distance,

r = Hypocentral Distance and
h=Depth

6.2 Represzsion Analyzs

Sempuc parameter b owas swxlusted from G-REorelationzhip
{Gutenbery and Richter 1944) a2 method ovtlising extrame
mztnmmentad and completa catalosz. Linear ragression was applisd
to 2ach site which 1= taken a: the centre of an area of 230 o radins
where past earthquakes are kel to ocour agam. The hazard curves
of Mean Anneal Rate of Exceedance {v) versus Paak (Ground
Apcaleration (PGA) and Dean Anwmnal Fate of Exceedance (v)
versus Earthquzke Mapnstuds (A were senarated at the rock levals.
The hazard m terms of the rock level PGA values and probable
earthguzke masminds corresponding to return pemods of 200 years
are quantfied fom eguatiom 3 and 4 as, 018 and 83
conzecutmely. Since the largest Magmitude earthguaks arcund the
350430 km radms of the study area exceeds 7.9 and aroond 250 km
radmz 1z 6.3, a cut-off hMasninds of 7.3 esarthquake was comsidered
a3 the sxpected ope m 20 yearz return ‘peried and thus ns=d for
furthar analvaes.

T SITE AMPLIFICATION ANALYSIS

For ante amphification, 1o this study, the enzinssrmg bedrock was
zzzumad to be the laver zt which the shesr wave veloedy (Vi)
axceads 400 mi which esnst almost 30 m deep from the surface of
the study area The caleulattons show that the shear wave velocities
at bedrock level vary fHom 400 m: 0 300 mi Vibrzshon
characteristics plofted as framsfer fimctions at diffarent pomts of the
study arsa were estimated by emploving one dimensional wavs
propazition program SHAKE The computztions ware made in the
frequency ranze O to 20 Hz at frequencies every 0.03 Hz mterval.
The loss of snmersy of satamic wave:s m the sodl layers was zlo
considerad The computad resnbz from the  site ampldficston
potennzl anzly=z were exported to 2 GIS emvironment for further
processing and vismalizafion. They were claszifiad nte differsnt
claszes according to the extent of amplification factors and plotied
on the Cox"s Bazar munmicipal map (3e= Figure 7).

From the =zite amplification study, the zversge amplification
factor was found to be 2.3 and 1.7 respactvely for extremes and
zverage conditions  The rock lavel PGA for return perind of 200
vears was estimated az 018z Thus the surfars leval PGAs
calenlated by multplvng the rock level PGA with amplification
factor were 04z at extreme condthon and 031 =z considerime
AHSA

=mu L Ci T e o
Fizma 7 Aicrozonaton map based on amphfication at fimdamantal
fraquencias

14



Geotechnicm Enginesrig Jourmal of the SE4GE & AGESES Vol 22 o 3 September 2018 T35M 0046-3828

8. LIQUEFACTION ANALYSIS

T first step mcalenlation of Hguefacdion potentiol is to determing
whether the soil hus the potentinl to liguefy during the earthguake.
This omalyvsis @8 wsually carried oot by asing simplified empirical
procedure. orgmally developed by Seed and dmss (1971, Sinee the
largest earthquake magnitude has been considered as 7.5, the
relevant Mopnitwde Scaling Factor (MST) was selected us 1.0, The
Factor of Safety wpainst Liguefacton for corthguakes other than that
al magnitude 7.5 and caleulated os

CRRTS

FS~ FL ~="MSF )

Where,

CRRT.5= Cyelic Resistance Ratio for the earthguake of
magnitude 7.5

CSR= Cyelic Stress Ratio
The severity af foundation damage cansed by sonl liguefaetion

depends to o grest extent on the severity of liguefaction, which
conmt be evaluated solely by the FLL Liguefsction under the
fisllening condition lends fo be severe:

The hquelied layer i thick

The ligueficd luyer is shallow

Fhe FLof the Hgeefied layer i for less than 100
I this method, the factor of safety valves, FL (Seed and ldriss,
1971) agninst resistance 0 lguelaclion have been conpuied up to
fop 20 muters depth e all the borchirles and these salues have been
subsequently. convered wito hguefction potential index (1L) @ven
by the fellowing eguntion {bwasakd e al., 1982):

Lok b T

1L <[ Fz)w(z)dz (i
Where,

Flzl= (1= FL); for FL =10

F{z}= 0: for IL =100

W= 100 32 e e=20m

W= 0 for =2k

The volue of liguefoction potential, 1L indicates thot o sedl moss
i suseeplible w guelaction iFTL =0 17 the value of TL §s large, the
sl s very susceptible for ligeefhetion. Severity of hguefction i
thien expressed as shown below:

L = Mo liguefaction
={}.5: Lovw Tigpueficiion
=5-15:  Muoderate Hguelaction
=>15; High lguefoetion

IL hos Been used o express the measure of liqguefsction potential
for i particulor Iocation aod for further conation of te uren based on
o particular range of this index. Tahle 2 shows the inlérpretation of
liguefnction potentisl in erms of inensity and ground susceptihility.

Table 2 Sumumary of e liguelaction potentiol mdex
(after Iwasaki et al., 1956}

Liguetnction Criterin Explanation

Patential

High 151 Ciround Improvement is
indispensable

Muoderule L= 15 Ciround Improvement |s
reguired.
Investigation of impornt
structure is indispensable

Loy 0=IL=5 luvestigation of [mportant
atrueture 15 required,

Very lw 1= Mo measure 18 reguired.

Liguefaction resistance factor, FL, for the top 20 m of se1l, and
the resaiting ligquetaction potential 11 for the 26 sites was calentuted,
The ow chart of lgoctaction analysis wsed in this study and the
result of Liguefaction potential was provided in tabuloted form, The
computed resubts from the liquefaction potentinl annlysis were
exported 0 o G5 environment and plotted on the Cox's Hazar
district map dividing the study srea into different zones aceording o
the rnges of liquefaction poential index values (Table 25, Thus
microromation maps were developed for liguefaction poteniial as
shown in Figure &,

"
Licpaafartian Fotansl
ol
i
1 e Lisplacis,

.
T Tometres

=wr

Figure ® Migrosonation map hased on regional distribotion of
ligueticd arcas

2 LANDSLIDE POTENTIAL ANALYSIS

The overall stability failure mechamism i development of ship
circles r|.::;1.1.'|lJ:|'|E| in decp hlf-ﬂing‘ surfuee which is o conventional soil
mizchanics stability problem. Preesising slip planes within the soil,
cracker material can have a significant etTect om slope stability,
Stability snalysis is carried oul to evaluate the fcor of salely
aepinst bearing copacity Tailure, The progrom used for swmhility
danalysis 1= XSTABL which s o fully mtegrated slope stability
annlysis program. The landsiide polentinl was eateporized as Tigh'
and Tow™ for Factor of Salety being areater than or equal o 1.2 and
less than 1.2 conseculively. The corresponding Foctor of Safery
vilues bave been éxported to GIS and plotied on the Cox's Bazar
municipality range. Thus the microzonation map based on lendslide
potential wis developed as shown in Figure 9,

Landsiide Potentin

H High [F5« 1.2}
B LewiFE=131

o

kilomeatres

nmE s e BTFEY HIE T e ]

Figure & Microeonation map bised on limdslide potental in Cox's
e Municipality wrea

o}
Lh
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10. SEISMIC HAZARD INTEGEATION

The most impertznt endeavor of this study was the esthimation of
seitmic hazards lmked with the local site attmbutes of sodl
amplification, honefaction, and landzlide and then misgratins them
m such 2 manner s that a reflection of probable actuzl diaster
consequences can be represented. It 1z not fezaibls to resolve how
much of the potemtial hazard 1= dizcretely zttrbuted by aach local
zite effect; comseguently the ulimate regiomal setsmuc hazard
distribubion i establizhed on a2 weighfed averase combmabon of the
harards refated with each sffzct

The rules for combinme the various hazards ware based on
axpert opmion (Sftephanis and Kiremadpan, 1994) abont the relatnee
accuracy of the hazard mmformation and the behavior of the local
geolesy. It was assumed that the final combined zstzmic hazard
wonkd be guantified in ferms of Modified Xdarcalh Intenaty (AT,
At the end, diffstent possible hazards were mitesrated to mmveshzate
the combined effects of more than one hazard The razulis of the
combmed harard analyaiz were summanzed n Table 3

Tabla 3 Finzl Combined Intanzitv and affected zraas for different
harard combinations

Combined Combination of Pozzible Hazards Ares
Intenzity (%%)
ADIOF)

X 2.0 tmes Amphficabion — High Liguefaction | 43.12
2.5 times Amplification + High Liguefaction | 3540

3.0tmes Amphification — High Liguefaction .72

1.0 tmmes Amplification + Hish Landslide .65

2.5 times Awmphficanon + High Landslide 625

X 1.5 times Amplification — Low Ligoefaction 0.3
3.0 tmes Amplificahion + Low Liquefaction | 275

2.5 times Amplification — Low landshide 0.23

VI 2.0 time: Amplification +~ Low Liguefaction | [93

11. CONCLUSION

This stody proposed 2 methodolosy for sewsmuc bazard asseszment
for Cox’s Bazsr, Bangladash. In this study, setsmic mecrozonation
maps were developed on the basz of potential of earthguaks
occurrences znd ground susceptibility to sarthquake SPT datz from
16 borsholes were used to stady site amphfication 3= well 2z soil
hguefachon potenhzl characteristics. Using hustorical seszmmetty
records and attemuation laws of Peak Ground Acceleration (PGAY,
the: bedrock PGA was estimated 22 [.18g for mazmituds 7.5
earthquake with 100 years returm penied. The swrface PGA was
calenlated 2= 041 and 0.51g adopting on First Peak Amplfication
and Averase Horizomtal Spectral Amphification; respectively. Tha
liguefachion potential of the horeholes pomts were assaszed by
melodins these PGAs. Landshde potential was asseszad: waines a
slops stzbelity program. The results obtamed from thess thres
anzlyses, were developad m GIS environment and were presented 1n
tha form of mierozonation maps. The final combined hazard (WAITF)
iz computed 3 3 weightad sum of these thres hazards.
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