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ABSTRACT

The purpose of this study is to develop geotechnical microzonation maps using Gcographical

Infonnation Systems (GIS). As study area, Cox's Bazar Municipal Area, locatcd in the Southcastern

region of Bangladesh, beside the Bay of Bengal, has been chosen. The model inputs include site

amplification, liquefaction potential study and slope stability analyses. It is now well known, and

widely accepted amongst the earthquake engineering community, that the errects of surracc geology 0"

seismic motion exist and can be large. Nearly all recent destructive earthquakes have hrought

additional evidence of the dramatic importance of site effects. Accounting for such "site eflCcts" ill

scismic regulations, land use planning or design of critical facilities thus has become one goal or

earthquake hazard reduction programs.

Cox's Bazar area, having been a great tourist resort, has experienced a rapid urbanization ill the last

few decades including various establishments, construction of significant number or buildings ""d

other structures in an unregulated manner and without seismic design considerations. Landslide amI

related casualties have also become very common in the hilly areas or the locality. In order to asscss

seismic vulnerability based on ground susceptibi~ity and adopt mitigation strategies for urban areas.

seismic microzonation is considered to be the first step. This study deals with the microzonation of the

Cox's Bazar Municipal Area using geographic information system (GIS) where reflection of ground

shaking and the site attributes of soil amplification, liquefaction and landslide are the salicnt reature,.

The probable earthquake hazard and expected ground motion for this area wcre assesscd nsing

probabilistic approach. The liquefaction potential was estimated from Standard Pcnctration Tcsl (SPT)

following the methods suggested by Seed and Idriss combined with Japanese Code of Bridgc Design.

SHAKE analysis was perfonned for estimation of ID site amplification. Slope stability analyses were

perfonned for samples from the hilly regions of the area using the program XSTAlll .. The result,

obtained for site amplification. liquefaction and landslide potential were exported in GIS envirolll1lent

and presented as microzonation maps.

The findings of the study show that the rock level Peak Ground Acccleration (PGA) orthe area is 0.1 Sg

for a 7.5 magnitude earthquakc having a retum period 01'200 years. The surl:,ce PGA conld be a, high

as OAlg for an average 2.3 times amplification factor if extreme or most severe cOIJ(jilioll i'i

considered. For this, ground shaking amplificd by 2, 2.5 and 3 times can arrect 47%. 42% and I I'h, "I'

the municipal area respective I)'. 87% of the study area is highly susceptible to liquefaction and

approximately S% of the municipality consists of hilly region whose 97% is very unsafe regarding

natural slope stability. On the other hand, surface PGA will be O.31g for all average <lmplilicatioll

factor of 1.7 if a refined hazard condition is assumed based 011 ~.I\'eragehorizontal spectral accc1cration

technique. 89% area will be affected by I.7 limes amplification of groond shaking and 58% area will

be prone to high liquefaction potential. 96% of the hilly region will bccomc vulncrablc if high landslide

associates with only 1.7 times amplification of ground shaking.
\'
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1.1 Background

CHAPTER 1

INTRODUCTION

Bangladesh runs a high risk of experiencing earthquakes due to her geulugieal and

tectonic structures. The northern region of Bangladesh lies above the scam of the

Indian and Eurasian tectonic plates and the eastern paI1 is above the joint of the

Burmese and Indian plates. The Indian plate is edging north-cast while the Burmese

plate is moving north-west. The country's position adjacent to the very active

Himalayan front and ongoing deformation in nearby parts of south-cast Asia expose it

to strong shaking. In the recent past, a good number of tremors of moderate to severe

intensity had already taken place in and around Bangladesh. Cox's Bazar, located in

the southeastern part of Bangladesh, is a strategically and economically important

area of the country. The district is exposed to the most devastating natural disasters of

the country. In the seismic zoning map of Bangladesh, provided in BNI3C

(Bangladesh National Building Code 1993), Cox's Bazar has been shown under Zone

II with design Peak Ground Acceleration (PGA) value of O.15g (Z=O.15). This level

of acceleration may be considered as more or less equivalent to a seismic intensity

between VII and VIIl. Historical information reveals that earthquakes of magnitude

between 6 and 7 have occurred around the area in the past. Thus Cox's Bazar and the

nearby area are considered to fall in the High Risk Zone for earthquakes. The frequent

emhquakes in and around the country, pmicularly Chittagong and Cox's Bazar

regions, also point toward the potential of such intensity earthquakes, even much

higher than that projected. Therefore, it is essential to assess the earthquake hazard

and related secondary effects for the region in order to aid the earthquake risk

mitigation efforts.

Cox's Bazar, having been a great tourist resort, a rapid urbanization has occurred in

the last few decades including various establishments, construction uf .signili<.:anl

number of buildings and other structures in an unregulated manner and without

seismic design considerations. The consequences of moderatc to strong earthquake

event can be catastrophic if such a densely populated urban area is affected and may

have very severe long-term consequences for the entire country.
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One of the major concerns during an earthquake is the prescnce of vulncrable soi I

near the ground surface. In order to assess seismic vulnerability based on ground

susceptibility, seismic microzonation is considered to be the first step towards a

seismic risk analysis and mitigation strategy for urban areas. Therefore this study

deals with the microzonation of the Cox's Bazar Municipal Area based on

liquefaction potential, site amplification and land slide potentiaL Figurc 1.1 shows thc

location map of Cox's Bazar Municipal area.

Liquefaction phenomena can affect buildings, bridges, buried pipclincs, Iifelincs and

other constructed facilities in many different ways. Cox's Bazar is mostly a hilly

region consisting of 1!,lluvialflood plain and sandy sea shorc area. The area bollom of

the hill ean liquefy if the intensity of shaking is high, whieh may cause land slide in

the hilly region. On the other hand floodplains and sea shore areas consisting of fine

sand and silt deposit with shallow water table in most of the places may liquefy

during a strong earthquake.

Site Amplification is an important basis of microzonation. The basic intention of

amplification assessment is to estimate the effect of local site conditions through the

site response analysis. This factor is highly dependent on the local soil conditions and

on the expected earthquakes. Local soil effects can amplify the ground motion and

thus lead to intensity greater than the projected ones in ccrtain areas causing marc

damage. In the urbanization process it has become a common practice to fill up many

low lying lands or shallow water bodies in the town area for construction, The fillcd

soils in many cases are not properly compacted or consolidated. Furthermore, thc low

lying lands may also possess soft soils. These soft soil sites may cause amplification

and modification of ground motion, producing larger seismic forces in buildings.

Cox's Bazar area is also characterized by a significant amount of scdiment and

landfill, which may greatly amplify seismic waves and is another issuc of concern for

studying the site effects.

Landslide has become very common in the hilly areas of southeastern Bangladcsh,

especially in Bandarban, Rangamati, Khagrachhari and Cox's Bazar. IIIcgal hill.

cutting due to rampant building has left somc 70,000 (lRIN, 2008) people at risk of

2



landslides in 18 sub-districts of the hill districts, as well as the city of Chillagong.

warned specialists. Every year especially in the rainy season landslides take place in

both natural and man-induced slopes. Considerable number of buildings. roads and

other infrastructures are damaged and valuable lives arc lost in thesc incidents. The

loss of lives and properties due to landslide events in Cox's Bazar is also very

significant. Now time has come to find out the cause of such events in the area and to

take necessary. preventions to avoid repeated casualties. Thcrefore assessmcnt of

landslide potential of Cox's Bazar has become very esscntial. Indiscriminate Ilill

cutting is one of the major causes of landslide. Landslidc nwy be caused by

earthquake in steep hill and loose land of steep periphery. Gentle angle or slope is

mostly absent in the hills of Cox's Bazar due to human activities. Rock strata in this

area are mostly found as soft or brittle sedimentary rocks which may easily be broken

or slide. Since Cox's Bazar is on the threat of probable earthquake events, the hill-

tops loosened by any means can cause massive destruction if a moderate to m,uor

tremor takes place.

Seismic hazard due to local site effects such as soil amplification, liquefaction, and

landslide can be estimated by combining the available soil parameter data with the

current hazard status of the region. Moreover, for accomplishing comprehensive

regional hazard assessment, geographic information system (GIS) provides a perfect

environment. Therefore this study deals with the microzonation of the Cox's Bazar

Municipal Area using geographic information system where reflection of ground

shaking and the site attributes of soil amplification, liquefaction and landslide arc tbe

salient features. Mierozonation maps can be used for planning locations and

construction of future facilities. The GIS-based analysis is useful to engineers,

planners, emergency personnel, government officials, and anyone else who may be

concerned with the potential consequences of seismic activity in a given region.

Mierozonation maps presented on a GIS platform provides the results of a regional

seismic hazard and risk analysis that serve as an effective means of transferring

information from the scientific community to the professional community of decision

makers involved in hazard and risk mitigation. Hence these zonation maps will add

value in planning of the coastal town Cox's Bazar by helping in finalizing design of

many important structures and saving construction time and cost.
3
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1.2 Objectives of the Study

The goal of the proposed research is to develop maps showing local site effects such

as the liquefaction potential, site amplification and landslide potential for Cox's Bazar

Municipal area in Bangladesh. The following are the specific objectives of the

research:

J. To compile a subsoil investigation database for different locations of Cox's

Bazar Municipal area

2. To determine the Site Amplification of the Area based on 1D-SHAKE analysis

3. To determine the Liquefaction Potentia! of the Area based on Geology. standard

penetration test (SPT) and laboratory test results.

4. To demarcate the regions susceptible to Landslides due to natural slope

instability

5. To determine the combined effects of the aforementioned hazards to ground

shaking.

6. To present the results of the study in GIS based Maps.

4
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1.3 Methodology of the Study

Bore-hole soil data, geophysical measurements, historical data, reports and publ ishcd

papers have been used to identify the vulnerable locations and estimate nccessary soil

parameters. Standard analytical methods have been used to develop site amplification

scenarios, liquefaction potential and landslidc potential of Cox's Bazar district.

SHAKE (Schanabcl et. a!., 1972) program which considers thc rcsponses in a syslcm

of homogeneous, visco-elastic layers of infinite horizontal extent subjected to

vertically traveling shear waves has been used in this research for Site Amplification

analyses. There are several empirical relations correlating (Tamura and Yamazaki,

2002) the SPT N-value and shear wave velocity. These relations have been used to

convert SPT N-value into shear wave velocity, which is needed as one of the

parameters for the program SHAKE.

Several laboratory tests are in practice to estimate the liquefaction potential of soils

such as dynamic triaxial test, cyelic simple shear test and shaking tablc test. Ilowcver,

in this study liquefaction potential of Cox's Bazar area has been determincd from

Standard Penetration Test (SPT) and laboratory test results based on Seed and Idriss

(1971) and Japanese Code of Bridge Design (Tatsuoka, et. aI., 1980).

Landslide assessment for the purpose of estimating the probability of occurrencc and

likely severity of landslides can be carried out by various methods. Slope stability

assessment program XSTABL has been used in this study in assessing the instability

of slope or the probability of occurrence and'the likely severity of landslides. The

methodology adopted for this study can be describcd according to thc following

phases:

I. Digitizing the updated administrative boundary of tbc study area.

2. Conduction of field survey across the municipal arca under Cox's Bazar and

identifying locations to be investigated.

3. Collection of sub-soil data. Twelve subsoil investigations to be specifically carried

out for this research. Soil parameters such as grain sizc (soil type and (50) and SI'T

data for several sites to be compiled in database.
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" 4. Surveying the hilly regions of the area and collection of samples for laboratory

investigations including specific gravity test, grain size analysis, Atterbcrg limits,

relative density, compaction test and direct shear test. Collection of location,

height, slope and other relevant data of hills

5. Selection of earthquake source and estimation of the attenuation of earthquake

ground motions in the bedrock level between the source and the region.

6. Estimation of Shear Wave Velocities by using SPT data and different co-relations

(Tamura and Yamazaki 2002). Estimation of ID site amplification by SIIAKE.

7. Estimation of surface level ground hazard in terms of surface level Peak Ground

Acceleration (PDA) from bedrock PGA and site amplification.

8. Estimation of liquefaction potential based on the methods Seed and Jdriss (1971),

and Japanese Code of Bridge Design using the sub-soil data.

9. Estimation of Landslide Potential by using computer program XSTAI3L.

10. Development of microzonation maps based on site amplification, liquefaction

potential and landslide potential in GIS.

II. Development of mierozonation maps by integrating the different intcnsities of the

hazards.

1.4 The Study Area

The study area of the research, Cox's Bazar Municipal, lies in the Southcastcrn part of

Bangladesh, beside the Bay of Bengal under the district Cox's Bazar. Thc area is

famous her outstanding natural beauty. The district consists of 8 administrative units

(Uddin et. aJ. 2005). The district has an area of 2491.86 sq km with a population of

17, 73, 709 (BBS, 2001). Cox's Bazar is one' of the three municipalities under thc

district. Cox's Bazar municipality covers an area of 6.85 sq km with 27 mahallas and

9 wards; with a population density of7,579.27/km' (BBS, 2007).
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1.5 Organization of the Study

The remaining part of the study consists of four chapters.

Chapter 2 reviews background information (literature review) of thc SClsmlC

environment, prevailing in Bangladesh as a part of the cvaluation of scismic risk.

Important tectonic features and seismic zoning maps of Bangladcsh arc discusscd.

Earthquake hazards, site amplifi~ation, soil liquefaction, landslidcs potcntial are

described. The chapter also gives a description of a geographic information systcm

(GIS). Spatial data structures, the functional clements of an integrated GIS and use of

GIS for seismic microzonation study are also discussed.

Chapter 3 deals with the collection of basic data and their collection mcthodology.

The data includes collection of borehole data from different sources. gralll SlICe

distributions and laboratory investigations of hill samples.

Chapter 4 addresses earthquake analysis, assessments of the seismic hazards duc 10

local site effects such as soil amplification, liquefaction and landslide potential. GIS-

based methodologies for combining site attributes_ throogh a weighted a\"Crage

approach are presented.

Chapter 5 eonsist~ of the summary of the whole study and conclusions.

recommendations and scope for future study.



CIIAI'TEn 2

LITERATUnE nEVIEW

2.1 General

Cox's Bazar district is exposed to the most devastating natural disasters of the country

where earthquake can be considered as an additional thrcat. Therc has bcen also a

rapid urbanization of the town in the last few decades including construction of

significant number of hotel buildings and other which can act as guidclinc l()r

adopting earthquake mitigation approaches for the rcgion. In ordcr to achieve this

goal, earthquake vulnerability of Cox's Bazar Town has becn asscsscd on thc basis of

Potential of Earthquake Occurrences and Ground Susccptibility to Earthquake. This

chapter presents a review of literature for developing methodology to conduct

regional seismic hazard assessment including considcration of gro.und shaking and the

secondary site effects of soil amplification, liquefaction, landslidc etc.

2.2 Overview of the Study Area

Cox's Bazar is a town; a fishing port and a district headquartcr in Bangladcsh. It is

known for its wide sandy beach which is claimed to be the longest natural sandy sea

beach in the world. It is located along the Bay of Bengal in Southeastcrn Bangladesh

and 150 km south of Chittagong. Cox's Bazar derives its namc from Captain Cox. an

officer serving in B[itish India. Cox's Bazar thana was first cstablishcd in 1854 and

the municipality was constituted in 1869 (Banglapcdia. 2004). In 1959 the

municipality was turned into a town committee. The town committee was rcplaeed by

municipality in 1972 and it was elevated to B grilde in 1989.

Cox's Bazar municipality covers an area of 6.85 sq km with 27 mahallas and 9 wards.

is located at 21.58333°N 92.01667°E and bounded by Bakkhali River on thc North

and East, Bay of Bengal in the West, and Jhilwanja Union in thc South. Population of

the area is 51918 (BBS, 2001). As one of the most beautiful and famous tourist spots

of Bangladesh, the major source of economy of Cox's Bazar is tourism. Millions of

foreigners and Bangladeshi natives visit this coastal town every year. Therel()re. a

number of hotels, guest houses, and motels have been built in thc town and coastal

region.
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2.2.1 Geomorphology of Cox's Bazar District

The district of Cox's Bazar is bounded on the west and south by thc Bay of Bcngal. on

the east by the hill ranges of elevation around 100-200 m. Basin of Matamuhuri River

and Bakkhali river fonn the morphological pattern on the North of the district. The

landmass of the district of Cox's Bazar includes two distinct geological settings

namely Tertiary folded belt and coastal deposits. The tertiary folded bclt cxtends

north-south as part of the Indo-Bunnese mobile belt, which is charactcrizcd by long

narrow folds (Alam et aI., 1990). Flood plain and coastal dcposit of Holoccnc agc

overlies late Tertiary formations at places presenting the surfacc form. Thc prcsent

day morphology of the area are believed to be influenced by the Holoccne sca levcl

rise, tidal and fluvial di~charges and very special type of physical sct up of the plain

around Tertiary Hills (Huq and Ahmed, 1997).

Alam et al. (\ 999) present the morphology of Cox's Bazar coastal plain as shown in

Figure 2.2. The schematic cross-section shows that the plain is elevated landward and

gradually slope toward the sea. The elevation of the marginal part of the plain is of the

order of2 to 3 ill above mean sea level. The characteristics of different landforms arc

shown in Table 2.1. Table shows that sediment of the plain varies from very fine silt

to medium sand with finer particles at the flood plain and largest grain size for tidal

creeks.
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Table 2.1: Landform Characteristics of the Cox's Bazar Coastal Plain

(after Alam et aI., 1999)

Feature Height Slope Processes Wid,h
:\Ie,n Gr,in

Size
Mainly flu\;a! origin,

Flood
flash flood and <5.:>3 \' ery fine sand

5 <Ie occasional marin~ wash
Plain over, minor rills are

km to silt

common
Undulating, develops I>igl>])'

Dunes 3-4 >10. parallel to the flood Fine Sand
olain

variable

\Vave and wind actions <200m
Beach 2-3 4°_6C are predominant with Medium to

occasional storm surge '0 Fine sand
induced floodin.

>500m

Subject to erosion and Clay to silty

Mudflat :>1 <1.
accrdian through 50.200m

clay with \"ery
regular tidal action and fine sand
oeriodicallv submer2ed intercalations

Most cases Exposed to wave and <50m
Spit 1-2

steep, ,Vind action md from the
Fine sand to

- varies from submerged to high ridge silty clay

2c->40 sprin. tide
Slopes Limited wave action and

Medium sand

TIdal 0.5-1.5
gently exposed to regular tidal

<10 m to with
creek down sea- exchange

150m occasional clay

ward intercalation

2.2.2 Geology of Cox's Bazar Municipal Area

Cox's Bazar town is located at the Middle-West part of the district bounded by the

Bakkhali River on the North and North-East. The area lies within the Eastern flank of

Inani Anticline, trending towards NNW-SSW, whose Western Flank is eroded. The

existing Eastern Flank of the anticline is also in the process of continuous erosiun.

Figure 2.3 shows the Surface Geology of Cox's Bazar Municipal area according to the

Geological Map of Bangladesh (after Alam et aI., 1990). The Western Figure reveals

that the area around the city of Cox's Bazar predominantly composed of Valley

Alluvium and Colluvium and Dihing Formation of Pliocene-Pleistocene age. Rocks of

the Pliestoeene, Pliocene and Neogene ages are also exposed in the area. The exposed

rock units arc mostly composed of sandstone and claystone. Six Lithostratigraphic

units have been observed from the Geological Map of Bangladesh.
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To the West of the Munidpal Boundary, the strand of Coastal Deposit. Brach and

nunc Sand. lies extending towards south. This is a narrow zone of Coastal Deposit

along the western edge of the tectonically active Fold I3clt. I3cach and Dune Sand arc

characterized as light to whitish grey sand being medium to line. \wll sorled.

suhrounded; containing concretion, shell fragments, heavy minerals. and rare clasts. 11

also includes small mud-nat deposits. This formation uneomlorlably owrlies i.ate

Tertiary formations.

To the East of Beach and Sandstone, there lies another narrow zone of Bol,a Bil

Formation of Neogene age. It is greenish to bluish-grey and yellowish grey shale.

siltstone and sandstone. Sandstone is very fine to medium grained; Ilaser bedding and

starved ripple marks arc found to be very common. In the upper and lower paris of the

formation, shale commonly dominates and is interbedded with siltstone and

sandstone; middle part is dominated by massive, hard, locally cakerous.

conglomeratic sandstone. Middle and lower parts contain calcareous lenses and

concretions. It locally contains some fossiliferous beds as well.

A slight narrow zone Tipam Sandstonc of Neogene age lonns the Eastern side or

I30ka Bil zone. The layer is light yellow to yellowish grey, grey, brownish-grey. and

orange, fine to medium-grained pebby sandstone, sub angular to sub rounded;

siltstone, and shale; massive to thin-bedded, containing intra!l)(1national clasts and

ferruginous concretions; soft and friable. It locally contains silicified wood and

lignite. Upper and lower parts of the formation arc predominantly sandstone: middk

part is predominantly shale, silty shale and siltstone. The Ncogen~ rock units

represent sedimcnts derived 1'1'0111the Himalayan and Shilong Plateau of India ;1Ilt!

derived from the Arakan- Yoma Mountains of Myanmar. These Il1J"lnations arc

probably time transgressive to the south and to the west; thdr lithology vaneS

vertically and horizontally with distance from the source.

Along the East of Tipam Sandstone zonc, another formation of Bedrock from Tipam

Group that is Girujan Clay of Pleistocene and Neogene age lies. This wne is

eomposcd of Grey to greenish grey, red mottled, silty shako shale and claystone and
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interbedded with subordinate thin-bedded siltstone and erossbedded sandstone. This

formation contains calcareous claystone nodules, ferruginous sandy concrctions. clay

galls, quartzite pebbles, thin lignite beds. silicificd wood and leaf impressions.

The North Eastern boundary of the town consists of Alluvial Deposits of Valley

Alluvium and Colluvium. This formation consists of medium to dark-grey or light-

brown silt, claycy silt, and fine to medium sand; locally contains coarse debris dcrived

from local bedrock and organic matter. Colluvium is llushed into narrow valleys and

reworked by alluvial processes. This unit is susceptoble to mass-movement proccsses

such as landslides, earth slump and mud llows.

The south eastern part of the town has basically Dihing Formation 13edroek which is

characterized by yellow to yellowish-grey, massive, fine to medium grained poorly

consolidated sandstone and clayey sandstone. Mottled clay and pebble beds occur

locally. In Fold Belt, pebbles are quartzite. It is highly weathered and contains

silicified wood; ferruginous crust is present locally. Dupi Tila Formation of

Pleistocene and Pilocene age lies to the south of Dihing Formation which might have

a slight influence in the surface geology of the city. Dupi Tila is characterized as

yellow to ochre, pink, light-brown, light-grey to grayish-white or bluish grey

sandstone, siltstone and conglomerate. It is massive to thin bedded, containing quartz

and shale pebbles, clay galls and pellets, silicified wood and lignite fragments. Upper

part of the formation is dominated by fine to medium grained sandstone, subordinate

thin beds of siltstone and claystone, intraformational siltstone breccias at top. Lower

part is dominated by sandstone and the zone is locally erossbeded.

2.3 Regional Tectonics

Plate tectonics provide a physically simple mechanism for large-scale horizontal

motions of separate portions of the earth's crust. One of the central conccpts of plate

tectonics is that a small number of large plates of high strength lithosphere, move

rigidly with respect to one another at rates of I to 20 cm/year over the low-strength

asthenosphere.
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According to Molnar and Tapponnicr (1975), for the past 40 million years thc Indian

subcontinent has been pushing the Eurasian plate northward at a rate of 5 cm/year.

giving rise to the severest earthquakes and most diverse land forms known. Figure 2.4

shows continued drift of the Indian Plate towards Eurasian Plate.

Recently, Bilham et al. (2001) has pointed out that there is high possibility that a large

earthquake will occur around the Himalayan region based on the diffcrence between

energy accumulations in this region. There is a seismic gap that is accumulating

stress, and that a large earthquake may occur someday when the stress is relieved.

Figure 2.5 shows the estimated slip potential along the Himalaya (after i3ilham et al..

2001).

2.4 Seismo-tectonic Setup

The generalized tectonic map of Bangladesh and adjoining areas is given in Figure

2.6. The junction between the platform and the fore deep running Southwest from

Mymensingh to Calcutta (the Hinge line) is considered to be a zone of weakness.

However, no association of the hinge with earthquakes has so far been established.

The Fore deep is terminated in the Northeast by a major fault, the Dauki faull at the

Southern margin of the Shillong Plateau. Some major e~rthquakes can be related to

this fault. There are numerous faults particularly in the eastern part of the folded !lank

of the fore deep. Here again there is no association with any major earthquake. Most

recorded earthquakes had epicenter further East in Burma.

The Eastern margin of the Indian plate is supposed to run through Myanmar, not far

from the Bangladesh border, and Northeast Assam (Arunachal Pradesh) is considered

to be a corner of the Northern and Eastern margins of the plate. The I1imalayan arc

can be regarded as one of the most intensely active seismic regions of the world. In

Northeast India, the Shillong plateau and adjacent syntaxis between the two aeluate

structures is one of the most unstable regions in the Alpine-Himalayan belt and faced

three major earthqu~kes of magnitude greater than 8.0 within the last two hundred

years.
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The Bengal Basin gradually is being encroached on by thc arcuate Indo-Burma

ranges, almost 230 km wide active orogenic bclt associated witb eastward subduction

of the Indian plate below Myanmar. Folds and thrust faults in the Indo-13urma ranges

trend north south consistent with this eastward subduction. Earthquakc data howcvcr.

suggest that the basement of the Indian plate below the Indo-13unna ranges is moving

north. Thus the shorting in the ovcrlying rocks is partly decouplcd from the basemcnt.

In the Indo-I3unna ranges, on the northern part i.e. the Naga Hills region shows

effects of Tertiary collisions between the Indian and Eurasian landmasses. At the

northernmost extension, the Indo-I3urma ranges merge with the west trending

Himalayas in a complex structural zone, which is known as Assam Syntaxis.

The Main I3oundar)i thrust Fault (MI3T) initiated in late Miocene or Pliocene time is

regarded as the present thrust front of the Himalayas and forms the northern margin of

the Himalayan foredeep. The MBT is seismically very active. The Himalayan

foredeep more frequently experiences moderate to high magnitude shocks. The M131'

zone shows the presence of the entire disastrous Himalayan earthquake (M>8.0). In

the eastern Himalayas the highest concentration of seismic activity is in the region of

the Assam Syntaxial Bend.

Bengal Basin is bounded on the East by the western fold belt of the Indo-Burma

ranges. The northern and the central portion of this fold belt arc seismically active.

The earthquakes in this fold belt seem to have a correlation with strike-slip transverse

faults at shallow depth. A major event (M=7.5, 1762) southeast of Chiltagong might

have been associated with one of these faults.

Tripura fault zone is characterized by high concentration of earthquake events. A

number of morphoteetonie lineaments have been identified. Among these the Kopili

lineament trending NW-SE is remarkable and is geologically recent in origin. Seismic

section reveals that this lineament is the surface expression of deep seated subvertical

fault and termed as the Kopili fault, which belongs to the category of high angle

reverse fault. At the north of this zone Halflong-Dissang thrust is present.

Morphoteetonie lineaments around the Ha1flong-Dissang thrust zone trend NE-SW,
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E-Wand NW-SE.' Mikir hill is present to the northeast corner of the Ilallll1ng-

Dissang thrust, which separatcs the Shillong plateau by Kopili fault.

2.5 Status of Earthquakes in Bangladesh

Bangladesh is a country located in south Asia. Figure 2.7 shows the seismicity of

southern Asia according to British Geological Survey. It shows that Bangladesh is

covered by many points indicating earthquake events. It is obvious that Bangladesh is

surrounded by the regions of high seismicity, which include the Himalayan Arc and

Shillong Platue in the north, the Burmese Arc, Arakan Yoma anticlinorium in the cast

and complex Naga-Disang-Jaflong thrust zones in the northeast (Rahman 2008,

Sarker et al. 2004). It is also the site of the Dauki Fault system along with numerous

subsurface active faults and a flexure zone called Hinge Zone. These weak regions arc

believed to provide the necessary zones for movements within the basin area.

Earthquake catalogue for Bangladesh and surrounding area (Sharfuddin, 200 I) shows

that 1200 earthquakes with magnitude 4.0 have occurred between 1865 to 1999.

During the last ISOyears, seven major earthquakes with magnitude 7.0 have affcctcd

Bangladesh. Two of them had their epieentres within Bangladesh and caused

considerable damage locally. The 1897 Great Indian earthquake (M=8.7) in Shillong,

considered to be one of the strongest earthquakes of the world, had its epicentre only

230 Ian away from Dhaka and caused extensive damage to brick masonry structures

in Bangladesh including Dhaka. Figure 2.8 reveals earthquakes of different

magnitudes in and around Bangladesh. It shows that the earthquakcs of the greater

magnitude occurred in the northern part of the country. From the figure it can be scen

that Chittagong and Cox's Bazar area also fall under moderate earthquake zone

having magnitude of 6 to 7 in Richter scale.

2.6 Historical Earthquakes in Bangladesh

Accurate historical information on earthquakes is very important in cvaluating the

seismicity of Bangladesh. Information on earthquakes in und around Bangladesh is

available for the last 250 years. Appendix A provides a list of the historic earthquakes
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recorded in and around Bangladesh according to Scribd. :WOS. Thc earthquakc record

suggests lhat since 1900 more than 100 moderate to largc carthquakes occurred in

Bangladesh, out of which more than 65 events occurred aftcr 1960. This brings to

light an increased frequency of earthquakes in the last 30 years. This increase in

earthquake activity is an indication of fresh tectonic activity or propagation of

fractures from the adjacent seismic zones. The Metcorological Dcpartment of

Bangladesh establishcd a seismic observatory at Chiltagong in 1954 which is thc only.
observatory in the country.

The major earthquakes that have affected Bangladesh since the middle of the last

century are presented in Table 2.2.

Table 2.2: Great historical earthquakes in and around Bangladcsh

Recently modified as 8.1 (M) (Ambraseys, 2000),

Date Name Epicenlre Magnitude (M)

10-01-1869 Cachar Earthquake Jantia Hill, Assam 7.5

14-07-1885 Bengal Earthquake Sirajgonj, Bangladesh 7.0

12-06-1897 Great Indian Earthquake Shillong Plateau S.7'
-

18-07-1918 Srimangal Earthquake Srimangal, Sylhct 7.6

02-07-1930 Dhubri Earthquake Dhubri, Assam 7.1

15-01-1934 Bihar-Nepal Earthquake Bihar, India 8.3
I_______ - __•.I

2.7 Major Seismic Sources

The seismic hazard is typically determincd using a combination of scislllological,

morphological, geological and geotechnical investigations, combincd with thc history

of earthquake in the rcgion. Figure 2.9 shows the distribution of faults and lincamcnts

in Bangladesh.
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Bolt (1987) analyzed different seismic sources in and around Bangladesh and arrived

at conclusions related to maximum likely earthquake magnitude (Bolt, 1987), Bolt

identified the following four major sources:

(i) Assam fault zone

(ii) Tripura fault zone

(iii) Sylhet fault zone

(iv) 130gra fault zone

Recently, Whitney (2004) has added two major possible source zones. namely

Shahzibazar Fault and Tanor Fault. Figure 2.10 shows seismoteetonie lineaments and

faults capable of producing damaging earthquakes in Bangladesh. The magnitudes of

earthquake suggested by Bolt is shown in Table 2,3 arc the maximum magnitude

generated in these blocks as recorded in the historical seismic catalogue. The

historical seismic catalogue of the region covers approximately 250 years of (starting

1762) earthquake data. For example, the Assam and Tripura fault zones contain

significant faults capable of producing magnitude 8.6 and 8.0 earthquakes

respectively in future. Similarly maximum magnitude of 7.5 in Sub-Dauki fault zone

and Bogra fault zones are not unlikely events.

Table 2.3: Significant seismic sources and maximum likely earthquake magnitude in

Bangladesh (after Bolt, 1987)

Location Maximum likely earthquake magnitude

Assam fault zone 8.0

Tripura fault zone 7.0

Sylhet fault zone 7.3

Bogra fault zone 7.0

After a thorough review of available data, Ali and Choudhury (1992) recommended

magnitudes of Operational Basis Earthquakes and Maximum Credible Earthquakes as

shown in Table 2.4.
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Table 2.4: Operational basis earthquake, maximum credible Earthquake and dcpth of

focus of earthquakes for diffcrent seismic sources (a ftCI'Ali and Chowdhury, 19<)2)

Location " Operational basis Maximum Dcpth of focus
,

Iearthquakes (Richter) Crediblc (km)
earthquakes

Assam faul t zone 8.0 8.7 0-70

Trioura fault zone 7.0 8.0 0-70

Svlhet fault zone 7.3 7.5 0,70

Bogra fault zone 7.0 7.5 0-70

A recent study taken through the Comprehensive Disastcr Management Programmc

(CDMP) of Ministry of Food and Disaster Management (MoFDM), Govcrnmcnt of

Bangladesh, reveals the scenario model of five major faulls in Bangladesh. Figure

2.11 shows the sccnario faull model and Table 2.5 enlists different paramctcrs of the

faults.

Tab e 2.5: Different Fau t Parameters 111 Banglades 1 . -
IDepth Down-dip

to top of Length Dip Fault
Fault Mw Fault (km) (degree)

Rupture Type
(km)

Width (Iou)

Madhupur Fault (MF) 7.5 10 60 45 42 Rcvcrsc

Dauki Fault (DF) 8.0 3 233 60 43 Reverse

Plate Boundary Fault-I 8.5 3 795 20/30 337 Reverse
(PBF-I)
Plate Boundary Fault-2 8.0 3 270 20 137 Rcvcrsc
(PBF-2)
Plate Boundary Fault-3 8.3 3 504 20/30 337 Rcvcrsc
(PBF-3)

2.8 Historical Earthquakes in and around Cox's Bazar

In recent years, earthquakes have occurred quite frequcntly in Bangladcsh and havc

caused alarnl especially in Chittagong and Moheshkhali causing structural damage

and casualties.
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2.8.1 Chittagong Earthquake of 1762

Historical documents mention thc occurrcncc of a largc earthquakc on April 2, 1762

(Rastogi et aI., 2006) near Chittagong in the south-cast which causcd sea llooding.

river waves inland, land mass ehangcs etc. It is among thc earliest known large

earthquakes in South Asia. The earthquakc, a major onc (possibly M>7.0). was

centred 40 km SE of Chittagong and 257 km SE of Dhaka, 61 km north of Cox's

Bazar district. Chittagong sutTered very scverely; great cxplosion hcard at lirst: earth

opened in many places; quantities of water gushed out, great chasms rcmained

unclosed and filled with watcr. Watcr spouted out like a fountain together with line

sand or mud, evidcnce of liquefaction. The grcat earthquake of April 2 raised the

coast of some islands by sevcral metres and also.caused a permanent submergence or

155.40 sq km near Chittagong. At Dollazari houses fell. Ncar Luckipore, a circuit or

land, about 15 miles in circumference, was swallowed up, and all the inhabitants and

cattle perished. The earthquake also agitated the rivcrs and lakes of the country

causing deaths inside the country.

2.8.2 Chittagong Earthquake of 1997

In November 21, 1997 another damaging earthquakcs of body-wavc magnitude 6.0

have occurred in Bangladesh (Sharfuddin, 200 I). During this earthquake, 23 people

were killed after collapse of an under-construction building in Chittagong. In

Chittagong many low to middle rise buildings have suffered minor cracks although

major damage has not been observed. The epicentral arca (22.225N, 92.743(0) is close

to Ruma in Bandarban district of Chittagong. Hill Tracts region. Many houses were

damaged and old trees were uprootcd in the epiccntral region. Partial collapse or a

long earthen dam (Prantik lake) has been observed.

2.8.3 Moheskhali Earthquake of 1999

On July 22, 1999, at 4:42 pm (local time), an intense earthquake shook the island or

Moheskhali causing damage to several houses and some buildings, killing 6 people

and injuring 200 people. The main damage has been reported to bc in Shaplapur and

l-Iuanok Unions.
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Dineshpur and Kaidabad under Shaplapur Union were reported to have heavy

damages. Cracking and spalling in reinforced concrete columns at the beam-column

joint occurred in a cyclone shelter at Dineshpur. Several rural houses with mud walls

and thatched or tin roof construction wcre severcly damaged. I\t Kaidabad EU

cyclone shelter was also badly damaged. Severc cracking was formed ill man)'

mudwall houses at Bara Maheshkhali and Huanok Union. Somc landslides were also

observed which could have been triggered by the earthquake.

The hypo centre of the earthquake was initially estimated to be at 21.4 7"N, 91 (JO"E

(focal depth = 10 km, origin time 16:42: 12) (Sharfuddin, 200 I). The focal dcpth of

this earthquake was quite shallow. The location of the hypocenter was latcr corrcdcd

as at 21.54"N, 91.88°E. The magnitude of the main shock was 5.1 on bodywave

magnitude scale. Three more aftershocks of smaller intensity occurred in the same

island on the following night. Figure 2.12 shows the seismic intensity map based on

the observed damage and questionnaire survey (Ansary et aI., 200 I).

2.8.4 Database of Earthquakes in and around Cox's Bazar'

Historical data (1923-2008) for seismic activity affecting Cox's Bazar and

surrounding area show that the area has undergonc through frequent earthquakes of

magnitude ranging from 5 to 6 in Richter scale. Epicenters of these earthquakes

(Appendix B) with reference to the 250 km radius of the municipality reveal thaI the

earthquake with the highest magnitude (6.5 in Richter scale) occurred in this region in

1955. Again, considering 450 km radius around the study area, it is observed that the

highest magnitud~ earthquakes experienced occurred in 1664, 1858. I 'J 12 \lith

magnitudes 7.8, 7.66, 7.9 consecutively (Ansary. 2009). Figure 2.13 shows the plot of

frequency of the earthquakes occurring from 1919 to 2008 ovcr the decades. The

figure depicts that earthquakes having magnitude higher than 5.0 arc recurring in

almost every decade in this region. Again the frequency of earthquakes with

magnitude varied from 4.0 to 5.0 has increased markedly over the last four dccadcs.

These historical records and observations indicate the probable occunence of

moderate to high intensity earthquakes in the upcoming years in and around Cox's

Bazar.
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2.9 Seismic Zoning Maps

In the Bangladesh National Building Code (BNBC) published in 1993. a new seismic

zoning map for Bangladesh has been presented. The pattern of ground surl"ee

acceleration contours having 200 year return period forms the basis of this seismic

zoning map. The 1993 BNBC zoning map is shown in Figurc 2.14. In this zoning map

the country has been divided into three generalized seismic zones: zone-I. zone-II and

zone-III.

Zone-I comprising the Northern and Eastern regions of Bangladesh with the presence

of the Dauki Fault system of Eastern Sylhet and the deep seated Sylhet Fault. and

proximity to the highly disturbed southeastern Assam region with the Jaflong thrust.

Naga thrust and Disang thrust, is a zone of high seismic risk with a basic seismic

zoning co-efficient. of 0.25 (Rahman 2008, Sarker et al. 2004). Northern Bangladesh

comprising greater Rangpur and Dinajpur districts is also a region of high seismicity

because of the presence of the Jamuna Fault and the proximity to the acti ve east-wcst

running fault and the Main Boundary Fault to the north in India (Rahman 200~.

Sarker et aI. 2004). The Chittagong-Tripura Folded Belt experiences frequent

earthquakes, as just to its east is the Burmese Arc where a large number of shallo\\

depth earthquakes originate.

Zone-II comprising the central part of Bangladesh represents the regions of recent

uplifted Pleistocene blocks of the Barind and Madhupur Tracts. and the western

extension of the folded belt. The zone extends to the south covering Chittagong and

Cox's Bazar. Seismic zoning coefficient for Zone II is 0.15.

The Zone-III comprising the southwestern part of Bangladesh is seismically quiet.

with an estimated basic seismic zoning co-efficient 01'0.075.

Bangladesh National Building Code (BNBC, 1993) placcd Cox's Bazar in Seismic

zone 2. The zoning map has recently been updated (Sharfuddin, 200 I) and shown as

Figure 2.18. The zoning in this updated map was based on consistent ground motion

criterion such as equal peak ground acceleration levels. According to this map. Cox's

Bazar falls in Zone 3. Based on the philosophy behind this seismic zoning and
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expenence from recent earthquakes, it can reasonably be assumed that a maJ"r

earthquake event in Cox's Bazar and surrounding region is liable to higher dalllage

than that assumed in thc cxisting zoning map (13NBC 1993).

2.10 Seismic Mierozonation

Seismic microzonation can be defined as thc subdivision of a region into zones that

havc relatively similar exposurc to various earthquake related effects. It is the

mapping of seismic hazard at local scales to incorporate the cffects of local soil

conditions. The earthquake damages are controlled basically by three interacting

factor groups; eat1hquake source and path characteristics. local gcological am!

geotechnical site conditions, structural design and construction features. Seismic

microzonation can be considered as the assessment of the first two groups of f~letors.

In general terms, it is the process for estimating the response of soil layers under

earthquake excitations and thus the variation of earthquake charactcristies on the

ground surface. Seismic microzonation is the initial phase of earthquake risk

mitigation and requires multidisciplinary approach with major contributions li'01Il

geology, seismology, geotechnical and structural engincering. The limtl outpot

contains recommendations suitable for application by local administrators. urban

planners and engineers.

The national seismic zoning maps are generally prepared in small scales such as

I :1,000,000 or less neglecting numerous source and site factors that arc illlportant in

assessing ground motion characteristics. Seismic microzonation maps arc prcpared

based on larger scales for a particular region taking into consideration both earthquake

source and regional geological and geotechnical site conditions in order to be used Il,r

urban and landuse planning. A Seismic microzonation study consists of four stages:

(I) estimation of the regional seismic hazard that is asessment of the expected input

motion, (2) determination of the local geological and geotechnical site conditions (3)

assessment of the probable ground response and ground motion parameters on the

ground surface (4) finally, preparation of micro zonation maps.



2.11 Gcographic Information Systcm

Thc most universal dcfinition in thc litcraturc for a GIS is glvcn by thc Federal

Intcragency Coordinating Committcc (1988) as "A systcm of computer hard\\are.

software, and proccdures designed to support the capture. management, manipulation.

analysis, modeling and display of spatially rcfercnced data I()r solving complex

planning and managcmcnt problcms." Figurc 2.16. adapted from Frost. et al. (I 'in).

shows how diffcrent information systems work togethcr to function as a fully -

interacted GIS. Modern geographic information systcm technology has evolved Ii-om

thematic cartogr,!phy combined with increased computational capabilities, relined

analytical techniques, and a renewed interest in cnvironmcntal/social responsibility.

The primary goal is to take raw data and transform it. through ovcrlays and other

analytical opcrations, into new information that can support thc'dccision making

process (Parent and Church, 1987).

2.11.1 Function of GIS in Microzonation

Thc regional earthquake hazard analysis rcquircs a map of thc rcgion that identifies

thc potcntial seismic sources. This procedurc typically requires sevcrnl geologic and

geographic maps of the region. The bedrock motion in the region resulting from the

seismic event must first be determined. This is often donc by applying one of the

attenuation functions within the GIS or by linking the function as an external

executable program. The GIS-based proccdurc for estimating rcgional bedrock motion

is straight-forward. Quantifying and intcgrating the scismic hazard duc 10 local site

cfTccts (soil amplification, liquefaction, imd landslidc) is thc main areas of

dcvelopment prescntcd in this dissertation. The proccdurc involvcs dcveloping models

for each of the effects, assembling the necessary geologic and geographic maps and

databases, applying the models eithcr within the GIS or as linkcd external prog"'"11S

and then overlaying and combining thc rcsulting hazard maps.

The results obtained from the analysis are microzonalion maps lor thc study area.

These maps typically require a detailed layout for thc region, a quantilication of the

regional seismic hazard and accounts of susceptibility due to the expected hazards.
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The spatial database structure of a GIS environment is ideal for this procedure. In lhi,

study "Maplnfo Professional 7.0" software has been used for developing maps. The

mapping process for mierozonation through GIS is shown in Figure 2.17.

2.12 Seismic Hazard Assessment

The first step in mierozonation is the estimation of seismic hazard. This in'.ohes the

assessment of expeetcd ground motion using the deterministic or probabilistic seismic

hazard analysis. Numerous methods for earthquake hazard assessmcnt in a givcn sitc

arc available today. Lomnitz and Epstein (1966) cmployed thc Poisson process for the

occurrence of large earthquakes which is still uscd. Cornell (1968) and Este"a (]l)(,X)

derived the gencral basis for the most completc analysis of the whole seismic haLard

problem with the inclusion of the propagation mechanism of the ground motion. Shah

and Vagliente (1972) used the Markov model of earthquake prediction in seismic

hazard analysis. A methodology for seismic hazard estimation based on historical

earthquake occurrences is presented in detail in Tomatsu and Katayama (I 'JXX) and

Molas and Yamazaki (1994). In. Japan, the seismic risk mcthod proposed by
,

Kawasumi (195 I) is still popular while in the Unitcd States, the basic method

proposed by Cornell (1968) is often used

2.12.1 Detcrministic Seismic Hazard Analysis

Krinitzsky (2005) highlights that a Deterministic Seismic Hazard Analysis (DSIIA)

uses geology and seismic history to identify earthquake sources and to interpret the

strongest earthquake each source is capable of producing regardless of time. Those

are the Maximum Credible Earthquakes (MCEs), the largest earthquake that appears

possible along a recognized fault under the presently known or presumed tectonic

activity which will cause the most scvere consequences to the site.

Thc methodology followed for Detcrnlinistic Seismic I-Iazard Analysis is descrihed as

followed:

1. Source characterization, that includes identification and characterization "f all

earthquake sources which may causc significant ground motion in the study

area. Herc historic data of the carthquakes as well as the availability "f the
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sourcc of carthquake such as faults arc used to detertnine the potential or the

earthquake occurrcncc.

2. Sclection of the shortest distancc bctwccn the source and sitc of intercst.

3. Selection of controlling earthquake, that is, the earthquake that is expected to

produce the strongest level of shaking. Controlling earthquake has been

evaluated based on historic data and assumed subsurface fault rupture length.

4. Defining the hazard at the sitc formally in terms of the ground Illotion

produced at the site by the controlling earthquakes.

2.12.2 Probabilistic Seismic Hazard Analysis

PSI-IA is the most commonly used approach to cvaluate the seismic dcsign load I"r

the important engineering projects. PSHA method was initially developed by Cornell

(1968) and its computer form was developed by McGuire (1978). Site ground Illutiuns

are estimated for selected values of the probability of ground motion exceedancc in a

design period of the structures or for selected values of annual frcquency or return

period for ground motion exceedance. The probabilistic approach offers a rational

framework for risk management by taking account of the rrequency or probability of

exceedance of the ground motion against which a structurc or facility is designed. Th,.

occurrence of earthquakes in a seismic source is assumcd as the Poisson distribution.

The probability distribution is defined in terms of the annual rate of exceeding the

ground motion level z at the site under consideration, due to all possible pairs (1.•.1. R)

of the magnitude and epicentra1 distance of the earthquake event expected around the

site, considering its random nature. This procedure can be described in the ()!lowing

four steps:

1. Identification of earthquake sources such as active faults. which may alleel the

study area. Characterize the probability distribution of potential ruptl1re

locations within the source.

2. Characterization of the seismicity of each sourcc zonc using a recurrem:e

relationship, which specifies the average rale at which an earthquake of some

sizc will be exceeded.
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3. Estimation of the ground motion produced at the site by earthquakes "I' any

possible size occurring at any possible point in each source mne usinl'

predictive relationships.
4. Obtaining the probability that the ground motion parameter will be exeee,kd

during a particular time period.

2.12.3 Attenuation Law of Peak Ground Acceleration

Tbc quantitative assessment of seismic hazard at any particular sitc within a rCl'ion

requires an attcnuation law for the Peak Ground Acceleration (I'GA). This deserihes

the transfer of ground motions from the source to a particular site as a function llf

magnitude, distance and soil conditions. The maximum ground motion to be expected

in the site constitut:s a crucial problem in earthquake engineering. For Bangladesh. as

in many other parts of the world, no PGA attenuation law has been developed. due

mainly to the shortage of strong motion data. However, in order to assess the seismic

hazard in this region, an attenuation law needs to be adopted from the literature. I'GA

attenuation relationships, predicting strong ground motions in terms of magnitudes.

distance, site geology, and in some cases other factors, using various models and data

sets are established for different parts of the world. Reviews of these laws arc

presented in Campbell (1997) and Joyner and Boore (1988). Some of the published

attenuation functions are presented in Table 2.6. Attenuation relationships of ground

motions are of the form:

log(y) = bj + b2 (Ms) - b3log (r) - b4 (r) + aP (2.1 )

where y is the ground motion parameter in consideration. M is earthquake magnitude.

b 1.2,J,4 are constants determined for the ground motion parameter, a is the stanoard

deviation representing the scatter of data in the attenuation relationship and I' is a

parameter which takes the value of 0 (zero) when the predicted value represents the

mean and P equals one when the predicted value represents the mean plus one

standard deviation. 'r' is a distanec parameter, usually of the form r = .J(d2 + 1/).
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Table 2.6: J'\Ibli:;hed altCllualion function (aller Islam, 2(05)

--'I

oek 1

I"'-1
I
I

I
I

Author Law

'"(d+30)'''
_.

Duggal (1989) y=227xI0'

McGuire (1978) y-O.0306c .IIYI (L1le-ll.l:lo; Where $-0 for rock and S .. I 1~;r-:,llu-\'i~l11
,------- ..-

Katayama (1974) logy=2.308-1 63710g(r+30)+0.411 M

Sadigh, et al. (1986) In y - • 1.406 + 1.1 M - 2.051 (R + 1.353 CO ,or.\r); Where-r\1-;-G.5 -

Joyner and Boore (1988) log y - 0.43 + 0.23 (M - 6) - log (r' + h') '" - 0.0027(r' .• hT)"l: ror I

Ambraseys (1995) log y=-1.43+0.245Ms-0.00 Ir-0.786Iogr; here, p(d'+2.7')'"
,

In y - -0.2424 + 0.527(M-6) - 0.778 In r - 0.371 In V, / 1.396

1300re ct al. (1997) where, r = ( fb 2 + 5.572) 1/2 , fh" cpiccntral distance in kill.

Vs = average shear wave velocity of surf nee 30 111

Joynncr and Boore y == 0.0955 CP7JM} d(-l)* e{.().OOSII7DJ, d= (r2+h2fs. for rock
(1981)

._---....1
Where, y=PGA; M= surface magnitude; d=epiccntral distance; r=hypoccntral distance: h=rocal depth
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Lithostratigraphic Units and
Descriptions
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Figure 2.3: Geology of Cox's Bazar Municipal (AIam et ai, 1990)
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SeIsmicity of Southern Asia (alxwe rJUflnltude 3.0 tis)
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Figure 2.7: Seismicity of South em Asia (The Tsunami Page, 2005)
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Figure 2.8: Earthquake in and around Bangladesh (1865-1995)

(after Ansary, 2009)
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Seismic Zones
Zone3=025g

Zone2 = 0.15g
_ Zone 1 =0.075g

Figure 2.15: Updated Seismic Zoning Map of Bangladesh
(Ansary, 2009)
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2.13 Local Site effects aw...!SUe i.':;:lJH)U!.C Study

Site response analysis aims at determining the response of a soil deposit to the motion of

the bedrock immediately beneath it. The overburdcn strcss plays a vcry importmll rolc in

dctcrmining the characteristics of the ground surface motion thus cmphasizing the need

for ground response analysis. A number of techniqucs have been developed for ground

response analysis. These techniques can be grouped as one-, two-, and three-dimensional

analyses according to the dimensionality of the problems they can address. 1\ one-

dimensional method can be used if the soil stmeture is essentially horizontal.

2.13.1 Asscssmcnt of Sitc Amplification

For Seismic Microzonation, obtaining a proper understanding of the local subsurl;lce

conditions and to evaluate ground shaking effects is essential. The effect of local soil

conditions on the amplitude and frequency content of earthquake motions has beclI the

subject of considerable interest and research in rceent years. Physically the problem is to

predict the characteristics of the seismic motions that can be expected at the li'ec surface

(or at any depth) of a soil slr~t'll1l. Ivluthematieally the problem is one of Wl\"C
. . .- _.

propagation in a continuous medium. If the medium is linearly clastic and the gcometry

is relatively simple, analytical solutions ean be obtained for any kind of waves. In

practice, since the wave content of a potential earthquake is hard to predict, solutiolls arc

often limited to the simple case of shear wave propagating vertically.

Many results for this case have been presented, and a discrcte model with lumpcd masses

and springs, based on a finite difference formulation, has enjoyed great popularity among

practicing engineers. The continuous and the discrete fom1ulations arc equivalent. This

part of the report describes the use of a one-dimensional wave propagation program to

dcvelop a microzonation map of Cox's Bazar District.

When P and S wave reach the ground surface, most of their energy is renected back in to

the crust, so that surface is affected simultaneously by upward and downward moving

waves. For this reasQn considerable amplification of shaking typically occurs ncar the

surface and enhances the shaking damages at the surf:~ce. Different types of ground
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alTcclcd by lhe samc carthquake \\'>a\'cSlIlay vary in tilcir sr,;\'crity uf gluIlIld ~hakil1g all..!

consequent destructiveness by one or more d~grees of intensity.

Certain building types are more vulnerable to different frequencics of ground motion

vibration than others. Seismic micro zoning can show the Ircqucncy contcnt of vibration

due to different local ground condition. It can be used to cnsure that a match docs not

occur between buildings vulnerable to certain frequencies of vibration and ground

conditions that arc likely to vibrate in that frequency range and thus avoiding building

being damaged by 'resonance effect' in zones where the ground is likely to vibrate in

certain frequency ranges. Buildings should be designed either to have frequencies of

natural vibration well outside the critical range or to be designed for the much higher

seismic forces they ar.e likely to experience. The frequency map could be used to impose

restrictions on the types of building structures that may have similar frequcney.

2.13.2 Methodology Review

Several methods for evaluating the effect of local soil conditions on ground respollse

during earthquake are pres.~ntly available. Most of these methods arc based on the

assumptions that the main response in a soil deposit' arc caused by the upward

propagation of shear waves from the underlying rock formation. Analytical procedures

based on this concept incorporating non-linear soil b.~havior, have been shown to give

results in good agreement with field observations in a number of cases. Accordingly they

arc found in increasing use in earthquake engineering for predicting respollses within soil

deposits and the characteristics of ground surface motions.

The analytical procedure generally involves the following steps:

• Determination of the characteristics of the motions likely to develop in the rocl,

formation underlying the site, and selection of an accelcrograll1 with thcsc

characteristics fo)' use in the analysis: The maximum acceleration. predominant

period, and effective duration arc the most important parameters of an earthquake

motion. Empirical relationships between these parameters and the distance from the

causative fault to the site hav~ been established for different magnitude of earthquakes

(Gutenberg and Richter, 1954, Seed et aI., 1969, Sehmdlle et aI., 1972). A design motion
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with the desired ehar::eteristies can be selected li'om thc strong motion acccicrograms

that have been recorded during previous earthquakes (Sced and Idriss, 1969) or from

artificially generated accelerograms (Housner and Jennings, 1964).

• Determination of the dynamic properties of the soil Deposit: Average

relationships between the dynamic shear moduli and damping ratios of soils, as functions

of shear strain and static properties; have been established for various soil types (I-Jardin

and Drnevich, 1970, Seed and Idriss, 1970). Thus a relatively simple testing program to

obtain the static properties for use in these relationships will often serve to cstablish the

dynamic propcrties with a sufficient degree of accuracy. Howcvcr, more elaborate

dynamic testing procedures arc required for special problems and for eases involving soil

typcs for which cmpirical relationships with static properties havc not been established.

• Computation of the response of the soil deposit to the base rock motion: A onc

dimensional method of analysis can be used if the soil structure is esscntially horizontal.

Programs dcveloped for performing this analysis are in general based on cither the

solution to the wave equation (Kanai, 1951) or on a lumpcd mass simulation (Idriss and

Sced, 1968). More irregular soil deposits may require a finitc clement analysis.

2.13.3 Method for Amplification Anlysis

Onc dimensional method of ground response analysis is widely uscd in earthquake

gcotechnical engineering A number of different techniques arc available for onc-

dimensional response analysis, which can be broadly categorized as lincar analysis.

equivalent linear analysis and nonlinear analysis. The most popular method used in

professional practice is the "equivalent linear" approach which is incorporated in the

computer program SHAKE. The program 'SHAKE' is capable of computing the

responses for a known motion given anywhere in a system. It requircs three input

parameters such as bedrock motion, dynamic material properties and site specific soil

propcrties The peak surface acceleration, ground response spectrum and period of soil

column are obtained as output from this analysis. The accelerograms measured on a

known soil deposit can be uscd to predict undcrlying rock motions using 'SllAKE',

which, in turn, can be used to obtain the surface motion for other soil dcposits as shown

in Fig. 2.18 (after Schnable et aI., 1971). The rock motion is assumed not to vary within

45



a region. The program incorporates non-linear soil behavior. the effect of the elasticity of

the base rock and systems with variable damping.

a. Theory to the Program: The theory (behind SHAKE) considers the rcspollses

associated with vertical propagation of shear waves through the lincar vi~co-

clastic system shown in Figure 2.28. The system consists of N horizontal layers

which extend to infinity in the horizontal direction and has a half space as the

bottom layer.. Each layer is homogeneous and isotropic, and is characterized by

the thickness, h, mass density, p, shear modulus, G, and damping factor, ~.

2.13.4 Dcscl'iptiolJ of the Pl'ograuJ SHAKE

Program SHAKE computes the responses in a system of homogeneous, visco-elastic

layers of infinite horizontal extent subjected to vertically travelling shear waves. The

system is shown in Figure 2.19. The program is based on Ihe continuous solution 10 the

wave- equation adapted for use with transient motions through the /llst Fourier transform

algorithm. The nonlinearity of the shear modulus and damping is accounted for by the

usc of cquivalent linear soil properties using an iterative procedure to obtain values Il]r

modulus and damping compatible with the effective strains in each layer.

The following assumptions are implied in the analysis:

• The soil system extends infinitely in the horizontal direction. Each layer in the

system is completely defined by its value of shear modulus, critical damping ratio.

density, and thickness. These values are independent of frequency.

• The responses in the system are caused by the upward propagation of shear waves

from the underlying rock formation.

• The shear waves arc given as acceleration value.s of equally spaced time intcrvals.

Cyclic repetition ofthc acccleration time history is implied in the solution.

• The strain dependence of modulus and damping is accounted for by an cquivalent

linear procedure based 011 all average effective strain level computed for each layer.

The program is able to handle systems with variatioll in b(]th moduli and damJ1ing. and

takes into account the effect of the clastic base. The motion used as a basis Itlr the
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analysis, the objeet motion, can be given in any Olle lay~r ill th~ syst~1ll allli n~\\' Illotiolls

can bc computcd in any other lay~r.

The set of operations can be performed by the program:

• Read the input motion, find the maximum acceleration, scale the values lip or down.

and compute the predominant period.

• Read data for the soil deposit and compute the fundamcntal pcriod of th~ d~posit.

• Compute the maximum stresses and strains in the middle of each sub-layer and

obtain new values for modulus and damping compatible with a specified percentage

of the maximum strain.

• Compute new motions at the top of any sub-layer inside the system or outcropping

from the system.

2.13.5 Use of SPT-value for Shear Wave Veloeity

There are several empirical relations correlating the SPT-N value and Shear Wave

Velocity (Vs) as Shown in Table 2.10. The Standard Penetration Test (SI'T) has been

widely used to investigate soil deposit for identifying subsurface soil profiles. Th~

empirical relationships presented here can be used to convert SPT-N value into Shear

Wave Velocity which is needed as one of the input parameters for the program SHAKE.
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Table 2.7: Empirical Relations Correlating SP'I~N value and Shear Wave Veloeity

(After TC4, 1993)

Researchers Equation =1Vs = 76 N°:1J
.

Imai and Yoshimura (\ 970)
Vs = 84 NOli

..-
Ohba and Toriumi (1970)

Vs = 69 No.11 0°2 PI F2

Where

FI = 1.0 (11); F2 = 1.00 (clay)

= 1.3 (1'); = 1.09 (I'. sand)
Ohta and Goto (1978) = J .07 (m. sand)

= 1.14 (e. sand)

= 1.15 (g. sand)

= 1.45 (gravel)

Vs = a N"

Where

a = 102; b = 0.29 (I I. clay)
Imai (\ 977)

= 81; = 0,33 (11.sand)

= 114 = 0.29 (I'. clay)

= 97 = 0.32 (I'. sand)

Okamoto et al. (1989) Vs = 125 N°.! (I'. clay)

==Tamura and Yamazaki (2002) Vs = 105 NO.lSI D0l 19

Here,

Vs = Shear Wave Velocity (m/s); N = Corrected SI'T blow count

o = Depth (m); H = Holocene; I' = Pleistocene

1'= Fine; m = Medium; c = Coarse; g = Gravelly
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2.1.1 Liquefaction Analysis

Soil liqucfaetion is a phenomenon in which a soil bclow the ground water table loses a

substantial amount of strength due to pore pressurc generation li"om strong earthquake

ground shaking. Earthquake shaking induces shear strcs~es in thc soil that cause the

saturated cohesion lcss granular soil particles to rearrangc and cxccss pore pressures to

build up. Liqucfaction can occur in modcratc to major carthquakcs rcsulting in scvcre

damagcs to structures. 1l can have a significant and sometimes devastating ciTed on

buildings supported on the upper soil layers constructed without consideration of its

conscqucnccs of liquefaction. The damaging cffccts of soil liqucfaction have been well

rccognized since the Niigata and Alaska earthquakes of thc carly I960s. Thc types of

failures associated with liquefaction include:

(i). Sinking or overturning of thc structures,

. (ii). Exccssive differential settlcment of the structurcs.

(iii). Sand boils; and

(iv). Surfaec lateral spreading.

2.1.1.1 Causes of Soil Liquefaction

The general trend on understanding about the basic causes of liqucfaction of sands is a

quitc qualitative measure. If a loose saturatcd sand deposit is subjcetcd to ground

vibrations, it tends to compact and decrease in volume. The elTectivc stress in the sand

deposit is equal to the difference between the overburden prcssure and the pore water

pressure. If drainage is unable to occur, the tendency to decrease in volume results in an

increase in pore water pressure. So, with increasing oscillation, the porc water pressure

will be equal to the overburden pressure causing the efTective stress to become zero.

Since the shear strength of a cohesionless soil is directly proportional to the effectivc

stress, the sand loses its strength completely and dcvclops a liqucfied state.

In more quantitative terms, it is now generally belicved that the basic cause of

liquefaction in saturated cohesionless soil during earthquake is the buildup of excess

hydrostatic pressure due to the application of cyclic shear strcss induced by the ground

motions. These stresses are generally considered to be due primarily to upward
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propagation of shear waves in a soil deposit: although other forms of wave ll111tioll'arc

also expected to occur. Thus, soil clements can be considered to undergo a series of

cyclic stress conditions, the stress series being somewhat random in pattern but

nevertheless cyclic in nature.

There arc several factors that influence liquefaction such as the geologic history of the

deposit, the depth of ground water table, the grain size distribution, the density of soil,

duration of earthquake, amplitude and frequency of shaking, distance from epicenter,

cohesion of the soil and permeability of the layer and ground slopc. The liquefaction

hazards are commonly associated with saturated sandy and silty soils having low

plasticity and density.

2.14.2 Methodology for Liquefaction Analysis

Liquefaction susceptibility is a measure of a soil's inherent resistance to liqucfaction, and

can range from not susceptible, regardless of seismic loading, to highly susccptible,

which means that very little seismic energy is required to induce liquefaction. Thcre arc a

number of different methods by which the potential for liquefaction of a soil can be

evaluated. The types of methods can be classified into four categories:

Category-I: Evaluation of liquel~lction potential roughly based on topographical ami

geological information

Category-2: Evaluation of liquefaction potential from N-value and grain sizc distribution

data, and estimates of peak surface acceleration.

Category-3: Evaluation of liquefaction potential from laboratory cyclic shear testing of

undisturbed samplcs, in light of dynamic response analysis.

Category-4: Evaluation of liquefaction potential by conducting in-situ cyclic or blasting

tests. or laboratory shaking table tests.

8eeause of their simplicity, methods that fall in the first and second category arc

generally useful for formulating mierozonat:on maps of liquefaction potential for wide

areas. Methods in the last two categories provide a more rigorous examination of
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(I)

liquefaction at a single site, but arc too tedious and costly lor survey-type applieatillils. In

this study, the second procedure was adopted to formulate mierozonation map lIr

liquefaction potential.

The second procedure involves a more direct use of geotechnical data, such as SPT-N

value and means particlc diameter, and estimates of peak surface acceleration (Sced and

Idriss, 1971). A liquefaction resistance factor FL, is calculated which is used to evaluate

the liquefaction potential index, IL. The method is briefly explained below.

2.14.3 Liquefaction Potential Based On SPT N-Values

The first step in calculation of liquefaction potential is to determine whether the soil has

the potential to liquefy during the earthquake. This analysis is usually carricd out by

using simplified cmpirical proecdure, originally developed by Secd and Idriss (197 J ).

This method has been used hcre to evaluate the Liquefaction Resistancc ['actor. 1'1. which

can also be termed as Factor of Safety. It is the most common and traditional method that

uses correlations between the liquefaction characteristics of soils and the Standard

pcnetration Tests or N-value along with other parameters such as grain size distribution

curves of soils, overburden pressure, and estimated pcak surface accclcration. The

assessment of the liquefaction resistance factor at any dcpth involves comparison of thc

prcdieted cyclic stress ratio (t/6' 0) that would be induccd by a given design earthquake

(L) with thc cyclic stress ratio required to induce liquefaction (R). ['or this method. h. IS

calculated for a given depth of soil layer by the following 10nllula.

R
FL =-L

Liquefaction is assumed to occur at that depth if FL is less than 1.0. Here, R is the in-situ

capacity of soil to resist liquefaction expresscd by Cyclic Resistancc Ratio (eRR) Itlr

earthquake of magnitude 7.5 and L is the earthquake load induced by a seismic motion

cxpressed by Cyclic Stress Ratio (CSR). Cyclic Resistance Ratio for earthquakc or

magnitudc 7.5 is determined based on corrected SPT and mcan soil partiele size (Seed ct

al. 1983).
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Table 2.8: Magnitude Scaling Factor arter Seed and ldriss (19B3)

Earthquake Magnitude MSF

6 1.32

6.75 1.13

7.5 1.00

8.5 0.89

Magnitude Scaling Factor (MSF). obtained from Table 2.9, is used to determine the

Factor of Safety against Liquefaction for earthquakes other than that of magnitude 7.5

and calculated as

CRR,s MSF
CSR

(2.2)

The shear stresses developed at any point in a soil deposit during an earthquake appear to

be due primarily to the vertical propagation of shear waves in the deposit. If the snil

column above a soil element at depth "h" behaved as a rigid body, the maximum stresses

on the soil clement would be

yh cr.
(tmax)r =-o.smax =-usmaxg g

where

(2.3 )

cro =

USlllilX =

Y =

g

total overburden pressure

estimated peak surface acceleration (in percentage of g)

Unit weight of the soil

acceleration due to gravity;

Figure 2.20 illustrates the procedure for determining eyclie shear stress on a soil clement

during ground shaking and Figure 2.21 illustrates the procedure for determining

maximum shear stress.
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Because the soil column behaves as a deformable body. the aetued shear stress at depth h.

(Tmnx)d,as determined by the ground response analysis will be less than (Tmnx),and might

be expressed by

(2.4)

Where

rd= a stress reduction factor with a value less than I given by (1- 0,0 15z) in which

z = depth of ground surface in meters,

Computations of the value of rd for a wide variety of earthquake motions and soil

conditions having sand in the upper 50 ft. have shown that rd generally Jails within the

range of values shown in Figure 2.22, It may be seen that in the upper 30 or 40 f't .• the

scatter of the results is not so great and, for any of the deposits. the error involved in

using the average values shown by the dashed line would generally be less than about

5%, Thus to a depth of about 40 ft" a reasonably accurate assessment of the maximum

shear stress developed during an earthquake can be made for the relationship given In

equation (3.3) by using values ofrd to be taken from the dashed line in Figure 2,22,

The actual time history of shear stress at any depth in a soil deposit during an earthquake

will have an irregular form such as that shown in Figure 2,23. From such relationships it

is necessary to determine the equivalent uniform average shear stress. l3y appropriate

weighting of the individual stress eyeles, based on laboratory test data. this determination

can readily be made. However, after making these determinations for a number of

different cases it has been found that with a reasonable degree of accuracy. the average

equivalent uniform shear stress, Tnv, is about 65% of the maximum shear stress. Tn"".

Combining this result with the above expression for Tmnx,the average cyclic stress rati"

(TaJcr' 0) induced by an earthquake is given by the expression (Seed et aI., 19X3)

CSIi = L = T,,; = 0.65(a"", )(tJ": )rd
tJ"o g tJ"o

Where,

6'0 = effective overburden pressure

(" )
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The cyclic stress ratio required to cause liquefaction has been evaluated lIsing cmpirical

relationship between cyclic stress ratio and N values. This curve is presented in Figurc

2.24.

Since the standard penetration resistance, N, measured in the ficld actually reflects the

influence of the soil properties and the effective confining pressure. it has been found

desirable to eliminate the influence of confining pressure by using a normalized

penetration resistance N \, where N is the measured pcnctration rcsistancc of the soi I

under an effective overburden pressure of I ton per sq. fl. Thus, before using the graph in

Figure 2.25, normalized to the field SPT-N value is estimated as follows:

(2.5)

Where,

N I = modified N values

CN = a correction factor

The correction factor, eN was provided by Murthy (\991) and presentcd here as Figure

2.25.

The severity of foundation damage caused by soil liquefaction depends to a great extent

on the sevcrity of liquefaction, which cannot bc evaluated solely by the I't.. Generally

speaking, liquefaction under the following condition tends to be severe:

I. The liquefied layer is thick

2. The liquefied layer is shallow

3. The FL of the liquefied layer is far less than 1.00

In order to account for thes~ effects, the Japanese Bridge Code (Japanese Road

Association, 1991) recommended a modification to thc procedure suggested in Seed ct 'II

(1983). In this mcthod the factor of safety values, FL (Seed and Idriss, 1971) against

resistance to liquefaction have been computed up to top 20 meters depth for all the bore
"

holes and these values have been subsequently converted into liquefaction potential

index (lL) given by the following equation (Iwasaki et aI., 1982):
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Where,

F (z)

F (z) =

W (z) =

W (Z) =

20
IL = fF(Z)W(z)dz

o

(l-FLl for FL:::;1.0

o for h> 1.0

(10 - 0.5 Z) for z:::;20 m

o forz>20m

(2.6)

The value of liqucfaction potential, IL indicatcs that a soil mass is susccptiblc to

liqucfaction if IL > O. If the valuc of IL is largc, thc soil is vcry susccptible for

liquefaction.

Severity of liquefaction is thcn expresscd as shown bclow:

h. =0, No Liquefaction

= 0-5, Low Liqucfaction

= 5- I5, Moderate Liqucfaction

= >15, High Liqucfaction

lLhas been used to express the measurc of liqucfaction potcntial for a particular location

and for further zonation of the area based on a particular rangc of this indcx. Tablc 2.9

shows thc interpretation of liquefaction potential in tcrms of intensity and ground

susceptibility.

Table 2.9: Summary of the Liquefaction Potcntiallndex (Iwasaki et aI., 1986)

Liqucfaction
Criteria Explanation

Potential

High 15 < IL Ground Improvcment is indispcnsable

Ground Improvement is rcquired.

Moderate 5<h.SI5 .Investigation of important structurcs is

indispcnsablc

Low 0< ILS 5
Invcstigation of important structurcs is

required.

Very low IL=O No mcasurc is required
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2.15 Landslide

A landslide is a g~ologieal phenomenon which includes a wide range of ground

movement, such as rock falls, deep failure of slopes and shallow debris flows. Although

the action of gravity on an over-steepened slope is the primary reason for a landslide.

there arc other contributing factors affecting the original slope stability. Typically. pre-

conditional factors build up specific sub-surface conditions that make the area/slope

prone to failure, whereas the actual landslide oftell requires a trigger before being

released.

Landslides and other gravity-stimulated mass movements are a continual source of

concern for geotechnical engineers and engineering geologists throughout the world.

particularly in geologically active regions. They occur worldwide and arc described as

sudden, short-lived geomorphic events that involve the rapid to slow descent of soil or

rock in sloping terrains. They can occur on any terrain give the right conditions of soil.

moisture and the angle of slope. Risks of landslides arc enhanced in the tropics. where

thick, loose residual soil, the result of deep weathering, can be easily eroded.

2.15.1 Types of Landslides

The tern] "landslide" describes a wide variety of processes that result in the downward

and outward movement of slope-forming materials including rock, soil, artilieiallill. or a

combination of these. The materials may move by falling, toppling, sliding, spreading. or

flowing. Figure 2.26 shows a graphic illustration of a landslide, with the commonly

accepted terminology describing its features.

The various types of landslides can be differentiated by the kinds of material involved

and the mode of movement. A classification system based on these parameters is shown

in Table 2.10.
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Table 2.10: Types of landslides, Abbreviated version of Varnes', 1978 elassilicatioll or
slope movements (National Atlas, 2008)

The most common types of landslides arc described as follows and arc illustratcd 111

Figure 2.26 and Figure 2.27.

Slides: The term Slide refers to mass movements, where there is a distinct zonc of

weakness that separates the slide material from more stable underlying material. The two

major types of slides are rotational slides and translational slides.

Rotational slide is a slide in which the surface of rupture is curved concavely upward alld

the slide movement is roughly rotational about an axis that is parallel to the ground

surface and transverse across the slide (Figure 2.27A).

In Translational slide, the landslide mass moves along a roughly planar surface with lillie

rotation or backward tilting (Figure 2.278).



A block slide is a translational slide in which thc moving mass consists of a single unit or

a few closely related units that movc downslopc as a rclatively coherent mass (Figure

2.27C).

Falls: Falls arc abrupt movements of masses of geologic matcrials, such as rocks and

boulders, that become detached from steep slopes or cliffs (Figure 2.28 I)).

Topples: Toppling failurcs are distinguished by the forward rotation of a unit or units

about some pivotal point, below or low in the unit, undcr the actions of gravity and

forces exerted by adjacent units or by fluids in cracks (I'igurc 2.28 E).

Flows: There are five basic categories of flows that dilTcr Irom one anothcr In

fundamental ways.

a. Dcbris flow; A debris flow is a form of rapid mass movement in which a combination

of loose soil, rock, organic matter, air, and watcr mobilize as a slurry that flows

downslope (Figure 2.28 F). Debris flows include <50% fines. Dchris !lows arc

commonly caused by intense surface-water flow, due to heavy prccipitation or rapid

snowmelt, that erodes and mobilizes loose soil or rock on steep slopes. Dcbris nows also

commonly mobilize from other types of landslidcs that occur on steep slopes, arc nearly

saturated, and consist of a large proportion of silt- and sand-sized materia!. Dehris-now

source areas are ollen associated with steep gullies, and dcbris-now deposits arc usually

indicated by the presence of debris fans at the mouths of gullies. Fires that denude slopes

of vcgetation intensify the susceptibility of slopes to debris nows.

b. Debris avalanche: This is a variety ofvery rapid to extremely rapid dcbris llow (Figurc

2.28 G).

c. Earthl1ow: Earthl10ws have a characteristic "hourglass" shapc (Figure 2.28 II). The

slope material liquefies and runs out, fonning a bowl or deprcssion at the head. Thc flow

itself is elongate and usually occurs in fine-grained matcrials or clay-bcaring rocks on

moderatc slopes and under saturated conditions. Howevcr, dry l10ws of granular matcrial

arc also possible.
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d. Mudflow: A mud flow is an earthflow consisting of material that is wct cnough to !low

rapidly and that contains at least 50 percent sando, silt-, and clay-sized particlcs. In some

instances, for example in many newspaper reports, mudflows and debris !lows arc

commonly refcrred to as "mudslides."

e. Creep: Creep is the imperceptibly slow, steady, downward movement of slope-fonning

soil or rock. Movement is caused by shear stress sullicient to produce pcrmanent

deformation, but too small to produce shear failure. Thcre arc generally threc types of

creep: (1) seasonal, where movement is within the depth of soil alTceted by scasonal

changes in soil moisture and soil temperature; (2) continuous, where shear stress

continuously exceeds the strength of the material; and (3) progressive, where slopcs arc

reaching the point 'Of failure as other types of mass movcments. Creep is indicated by

curved tree trunks, bent fences or retaining walls, tilted polcs or fences, and small soil

ripples or ridges (Figure 2.28 1).

Lateral spreads: Lateral spreads arc distinctive because they usually occur on vcry

gentle slopes or flat terrain (Figure 2.28 J). The dominant mode of movemcnt is latcral

extension accompanied by shear or tensile fractures. The failure is caused by

liquefaction, the process whereby saturated, loose, cohesion less sediments (usually sands

and silts) are transformed from a solid into a liquefied state. Failure is usually triggcred

by rapid ground motion, such as that experienced during an earthquake, but can also be

artificially induced. When coherent material, either bcdrock or soil, rests on materials

that liquefy, the upper units may undcrgo fracturing and extension and may thcn subside,

translate, rotate, disintegrate, or liquefy and flow. Lateral spreading in line-grained

materials on shallow slopes is usually progressive. The failure starts suddenly in a small

area and spreads rapidly. Often the initial failure is a slump, but in some materials

movement occurs for no apparent reason. Combination of two or more of the above types

is known as a complex landslide.
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Figure 2.26: An idealized slump-earth flow showing commonly used nomenclature for
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2.15.2 Landslide in the South Eastern Bangladesh

Landslide is a regular geologic hazard in Bangladesh, especially in the South-Eastern

part of the country. The steepness of a hill is the main factor for the movement of the

materials that !low down towards the foot of the hill. Steep slope push down debris or

mud converting gravitational energy into kinetic energy. A natural hill is a stable surface

of the earth system having a balance of its components. Every natural hill is maintaining

its stability by natural condition of the system that sometimes disturbed by improper

interactions of human being. Landslide induced by human activities has become very

common in the hilly areas of southeastern Bangladesh, especially in llandarban,

Rangamati, Khagrachhari and Cox's Bazar. Illegal hill-cutting due to. rampant building

has left some 70,000 (lRIN, 2008) people at risk of landslides in 18 sub-districts of the

hill districts, as well as the city of Chittagong, warned specialists. Every year especially

in the rainy season landslides take place in both natural and man-induced slopes.

Considerable number of buildings, roads and other infrastructures arc damaged and

valuable lives are lost in these incidents. The loss of lives and properties due to

Landslide events in Cox's Bazar is also very significant. In 15th June of 2003

(International Landslide Centre, 2006) total 6 casualties were reported at Cox' s Bazar

due to Landslides caused by heavy rain. The earthquake of July 30, 2003(Natural

Hazards, 2007) with a magnitude of 5.9 hit the Chittagong area causing casualties of six

persons in Cox's Bazar by landslide. In September 2006 landslide triggered by heavy rain

killed two children and injured six people in the village Rajarkol. Nineteen people died

in landslides in Cox's Bazar district in the first half of July 2008 (International Ilcrald

Tribune, 2006) alone. On 14 July two people died under a mudslide at llimehhari. On

August II, 2008 three members of a family were buried alive as their mud.hut collapsed

in Cox's Bazar. Very recently, on July 31, 2009, ten people were killed in Bandarban due

to landslide (South Asian Media Net, 2009).

Types, major nature and processes that cause landslides in Bangladesh arc I) removal of

lateral support: a) erosion by rivers, b) previous slope movements such as slumps that

create new slopes, c) human modifications of slopes such as cuts, pits, and canals; 2)

addition of weight to the slope: a) accumulation of rain, b) increase in vegetation, c)
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construction of fill, d) wcight of buildings and othcr structures, c) weight of watcr rrom

lcaking pipelines, sewers, canals, and reservoirs; 3) earthquakes; 4) regional lilting: 5)

rcmoval of underlying support: a) undercutting by rivers and wavcs: b) swclling 01" clays:

6) anthropogenic activities as jhum cultivation

Since Cox's Bazar, the study area for this dissertation, is one of thc most landslidc prollc

arcas of the country, assessment of landslide potential of Cox's Bazar has bceomc very

essential. Indiscriminate Hill cutting is one of the major causes of landslide in this area.

Land slide may also be caused by earthquake in steep hill and loosc land of SICCp

IJcriphery. Gentle angle or slope is mostly absenl in lhc hills of Cox's Bazar. Rock strata

in this area are mostly found as soft or brittle sedimcntary rocks which may easily hc

broken or slide. Since Cox's Bazar is on the threat of probable earthquake cvcnts. the

hill-tops loosened by any means can cause massive destruction if a moderate to major

tremor takes place.

The southern part of the municipal area is mostly hilly which consists of Dupi Tila

Formation (Figure 2.3). Lower hill of the area are mainly undcrlain by little-consolidatcd

sands and shales of the Oupi Tila formation, which may bc li'OIn latc-Mioccncc agc

(Brammer, 1996). These hills are mainly composed by unconsolidatcd or littlc-

consolidated beds of sandstones, siltstones and shalcs, together with minor bcds or

limestone and conglomerates. Nature of parent matcrials strongly dctcrmincs the tcxturc

of the soils. Shale results heavy silt loam or silty clay loam subsoil. Soils devclnpcd on

sandstone have dominant textural class of sandy loams with occasional loamy sand \II

loam texture
There also exist hills of Tipam and Bokabil Formation, sparsely in the area. Pre"ious

studies on erosional hazards of Chittagong City (Banglapedia, 2006) disclose that thc

hills formed of Oupi Tila Fonnation is prone to three types of landslides and slopc

failures which are lateral spreading movement, rotational and translational movcmcnts.

Planar or block movement have been observed to occur in Bokabil Formation and

rotational, translational and planar or block failures occur in Tipam Formation.

The major landslide occurrences in and around Cox's Bazar municipal arca ha,'c hccn

listed in Appendix C (Banglapedia, 2006).



2.15.3 Landslide Hazard Analysis Method

Th~ ~ffects of carthquake.induccd landslidc have rcceivcd much less rescarch attention

than thc seismic eff<;.ctsof soil amplification and liquefaction. Landslide hazard is

typically very difficult to quantify because landslide come in many forms and arc eaused

hy a variety of processes. The local site factors that affect landslides generally include

slope stability, geology, slope angle, hydrological conditions, vegetation, land usc. and

severity of the earthquake. Most of these factors are necessary for the investigation of an

individual slope, but for seismically induced landslide analysis on a broad regional basis.

magnitude of the seismic event, and distance from the seismic source (Hansen and

Franks, 1991).

As with liquefaction, regional landslide hazard has traditionally been analyzed in a

qualitative manner utilizing expert opinion, although recently more quantitative

geotechnical methods have been proposed. The qualitative methods typically produce

microzone maps indicating the relative susceptibility of various regions to landslides

with no investigation into the possible triggering mechanisms for the land movement.

The maps often result from an expert analysis of regional factors such as previous

landslide locations, geologic deposits, and topography.

The complicated nature of the landslide process has made regional estimates of this local

site effect very difficult to define quantitatively. Most of the recent research in this lidd

has focused on determining the critical level of a given ground motion parameter that

will trigger landslide in various geologic deposits. Wieczorek, et al. (1985) modcls a

landslide as a translational failure in an infinite slope with a depth of 3 metcrs. They

define three classes of geological units, assign shear strength parameters for eaeh class.

and then perform stability analyses using dry and saturated conditions to obtain the static

factor of safety (FS) for each class. Based on the static FS. the critical acceleration to

begin the process of slope failure, ae, is computed as

ae ~(FS.I) g sinO (2.7)

Where, 0 ~ slope angle

FS ~ factor of safety determined from a static slope stability analysis

G ~ acceleration of gravity
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These ac values arc compared to the regional estimates of surl~lee peak gnllllld

aeeelcration to give a prediction for the occurrence of damaging earthquake-induced

landslides in the area. There have been very few implementations of quantitativc

landslide hazard models in the GIS environment instead, a qualitative approach utilizing

regional maps showing relative susceptibility of landslides in various geologic dcposits

will be used to describe earthquake-induced landslide hazard.

2.15.4 Slope Stability Analysis

The evolution of slope stability analyses in geotechnical engineering has followed

closely the developments in soil and rock mechanics as a whole. Slopes either occur

naturally or are engineered by humans. Slope stability problems have been faced

throughout history when human or nature has disrupted thc delicate balance of natural

soil slopes. An understanding of geology, hydrology, and soil properties is central to

applying slope stability principles properly. Analyses must be based upon a model that

accurately represents site subsurface conditions, ground behavior. and applied loads.

Judgments regarding acceptable risk or safety factors must be made to assess the results

of analyses.

Civil engineers often are expected to make calculations to check the safety of natural

slopes, slopes of excavations and compacted embankments. This check involves

determining the shear stress developed along most likely rupture surface and comparing

it with the shear strength of the soil. This process is called slope stability analysis. The

most likely rupture surface is the critical surface that has the minimum factor of safety.

The stability analysis of a slope is difficult to perform. Evaluations of variables such as

soil stratification and its in-place shear strength parameters may prove be a formidahle

task. Seepage through the slope and the choice of a potential slip surface add to the

complexity of the problem. The forces of gravity tends to move soil from high Icvels to

low levels and the forces that resists this action arc on account of shear strength of soil.

Presence of water increases weight reduces strength and decreases stability. The 1~lctorof

safety is therefore chosen as a ratio of the available shear strength to that required to keep

the slope stable.



2.15.5 Cummon Features uf Slupe Stability Analysis Methods

Sliding surfaces in landslides arc commonly bowl- or dish-shaped in three uimcnsions.

The widths of the slides are often the same order of magnitude as the uown slopc Icngth.

and stresses parallel to the strike of the ground surface arc thought to influcnce the

failure to only a limited extent. It is common to examine the stability of a series of two-

dimcnsional sections in thc dip direction and to calculate wcights, forccs and momcnts

for unit width in the strike direction, Lodalen, Norway (Scvaldson, 1956). A scction

through the deepest part of the slide mass usually gives a conservative estimatc of the

stability. Averaging techniques (Lambe and Whitman, 1969) arc available. Analysis of

slides in jointed rock masses must often fOlmally consider three-dimcnsional limiting

cquilibrium.

Various techniques of slope stability analysis includc threc broad categories Limit

Equilibrium Methods, Limit Analysis Solutions and Probabilistic Methods. llowever.

Limit Equilibrium Methods are more commonly uscd in practice. The basic assumptions

of Limit Equilibrium Methods approach is that Coulomb's failure critcrion is satisljcd

along an assumed failure surface, which can be a straight line, an arc of a circle. a

logarithmic spiral or any other irregular surfacc.

Common Featurcs of Slope Stability Analysis Methods includc:

1. Safety Factor: F = S/Sm where S = shear strcngth and Sm = mobilized shcar

resistance. F = I: failure, F> I: safety
2. Shape and location of failure is not known a priori but assumcd (trial and crror to

find minimum F)
3. Static equilibJium (equilibrium of forces and momcnts on a sliding mass)

4. Two-dimcnsional analysis

Mosl Critical Failure Surface: In homogeneous soils relatively unaffcctcu by faults or

bedding, deep seatcd shear failure surfaces tcnd to form in a circular, rotational manncr.

The stability analysis aims to find the most dangerous, ie., thc most critical surfacc, and

using the assumption abovc, this surface can be found using "trial circles". This provides

a basis for several methods used to assess the stability of slopcs.
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Thc mcthod is as follows:-
I. A scries of slip circles of different radii but the same centre of rotation is

considered (Figure 2.29). The Factor of Safety (FoS) for each of these circles

against radius is plotted (Figure 2.30), and the minimum FoS is found out.

2. This should be repeated for several circles, each investigated from an array of

centres. The,simplest way to do this is to form a rectangular grid from thc ccntrcs

(Figure 2.31).
3. Each centre will have a minimum FoS, and thc ovcrall lowest FuS Irom all the

centres shows tha FoS for the whole slope. This assumes that enough circles. with

a large spread of radii, and a large grid of centrcs have been invcstigated. Thcn an

overall failure, surface, with smaller individual ones is also found out. (Figurc

2.32).

4. Submerged Slopes: When an external water load is applied to a slope (Figurc

2.33), the pressure it exerts tends to have a stabilising effect on the slopc. The

vertical and horizontal forces due to the water must be taken into account in our

analysis of the slope.

Assumptions in Limit Equilibrium: Certain assumptions arc needed to bc made III

analysing slopes using limit equilibrium:-
I. Assuming a Failure Mechanism: The shape and location of a failure SUrJilCC

rathcr are assumed then determining it by analysis.

2. Assuming Plane-Strain (2-D): 3-D effects (although of course in reality slopes arc

in three dimensions) are ignored. By neglecting these effects the analysis

becomes conservative, ie. higher FoS is achieved by taking them into account.

3. Assuming Rigid Block Movement: The soil mass is assumed to be moved as a

rigid block, with the movement only taking place on the failure surface itsell:

4. Assuming Uniform Localisation of Shear Stresses: The shear stresses arc not

usually unifonnly mobilised over the whole length of the failure surface but for

the purpose of the analysis, it assumed that they are.

Factor of Safety: In slope design, and in fact generally in the area of geotcchnical

engineering, the factor which is very often in doubt is the shear strength of the soil. The

loading is known more accurately because usually it merely consists of the sclf~wcight of
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<1.0
1.0-1.25

the slope. The 1'0S is therefore chosen as a ratio of the available shear strength to that

required to keep the slope stable. A factor of safety is calculated by dividing the forces

rcsisting movement by the forces driving movcmcnt. If the forces available to resist

movement arc greater than the forces driving movement, the slope is considercd stable.

When perfomling stability analyses usually more interest is put in the stability of thc un-

1lliled soil, and in determining a factor of safety, 1', for the un-failed soil. To determine

the factor of safety it is assumed that only some part of the frictional and cohesive forces

have been mobilized, so that on the assumed failure plane the soil is not at a state of

failure. Guidelines for limit equilibrium of a slope arc given as table 2.11.

Table 2.11: Guidelines for limit equilibrium ofa slope (Connolly, 1997)

!FlIetor of Safety [ Details Of Slope 'I
[Unsafe i
IQuestionable safety ---., ---.1
Satisfactory for routine cuts and fills, I

___ 1_.2_5_-_1._4_Questionable for dams, or where failure would be catas~'op~~c I
>1.4 ISatisfactory for dams , _,j

For highly unlikely loading conditions, factors of safety can be as low as 1.2-1.25, even

for dams. e.g. situations based on seismic effects, or where there is rapid drawdowll of

the water level in a reservoir.

2.15.6 Methodology Review for Slope Stability Analysis

This section aims at presenting the methods of slope stability analysis, whieh are

commonly available. The methods of analysis can be categorized as follows:

A. Granular Soils:

The C'=O Method

B. Cohesive Soils:

Circular Failure Surface

• Method of Slices

Fel1enius' Method

Bishop's Method
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Non-Circular Failure Surface

Janbu's Method

• Infinite Slope Method

Stability Charts

Few of the methods are summarized in the following paragraphs.

i_lei/IUdof Slices: The method of sliees is a method for analyzing the stability of a slope

in two dimensions. The sliding mass above the failure surface is divided into a numher of

sliees. The forees aeting (Figure 2.34) on eaeh slice are obtained by eonsidering the

meehanical equilibrium for the slices. It is assumed that the arc is eireular. radius R.

centre is O. The soil mass above a trial failure surfaee is divided into sliees by vertical

planes. Each sliee is taken as having a straight line base. The Factor of Safety of cach

slice is assumed to be the same, implying mutual support between the slices. ic.. there

must be forees aeting between the slices. To go about finding the FoS. the problem is

now statically indeterminate and some assumptions are needed to be made about the

interslice forces. This part is better performed by Fellenius Method.

Fellenius Method: This is a modified version of the Method of Slices.

Here it is assumed that EI =E2 = XI =X2 (Figure 2.35)

Then, N = W cosa and S = IIF [e'l +( Weosa - ul) tan<p]

Using Moment Equilibrium,

'LWx='LSR

LWR sina = LSR (Figure 2.39)

LS = LW sina = Ll/F [e'l +( Weosa - ul) tan<p]
So, F = Ll/F [e'l +( Weosa - ull tamp] (Vi)

LW sina

Bishop's Method: The Modified (or Simplified) Bishop's Method IS a method for

ealculating the stability of slopes. It is an extension of the Method of Slices. By making

some simplifying assumptions, the problem beeomes statically determinate and suitahle

for hand ealculations. It is assumed that the forees on the sides of eacll slice are

horizontal.
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The method has been shown to produce factor of safety values within a few percent of

the "correct" values.

Dc' +«IV /b)-u) tan<II]

F- '"- I:[(Wjb) sin a]
. } i! ~i'. I' t,._ .'
where ,,,/,,, ,", ':" .

sin atan r/J
ti' = cos Cl' + F

(2.')

(2.10)

Here, e' is the effective cohesion

lp' is the effective internal angle of internal friction

b is the width of each slice, assuming that. all slices have the same width

W is the weight of eaeh slice

u is the water pressure at the base of each slice

As F is on both sides of the equation, it is solved iteratively. An initial value of F is

obtained by carrying the "Fellenious Method" and multiplying the solution by 1.2. This

value is inserted into the right hand side of the equation, and the left hand side value of F

is calculated. This new value is then inserted into the Right hand side and the process is

repeated until the Right hand side = Left hand side.

moment equilibrium method used for circular surfaces is no longer the most appropriate.

Janbu chose instead to use the force equilibrium method in the analysis. The equation of

Factor of Safety here is followed as Bishop's Method. After discovering a certain

amount of inaccuracy in this formula, Janbu decided on a correction factor fo• which

should be applied after iteration has taken place (in Bishop's Method):

Janbu's Method: The difficulty in analysing a non-circular failure surface is that it is

difficult to find a single point through which many of the force components act. So, the
.,

FcorrCClcd = fo * Filcrnlivc

The value of fo is found from the limiting graph~: (Figure 2.36). For this method. it is

necessary to usc narro" slices.

Infinite Slope Ana~\'.\i,: The simplest form of sliding surface is a plane parallel to the

ground surface (Figure 2.37). This may be observed in the field as large nake or planar
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slides in natural hillsides, whieh are often initiated by softening and weathering

proccsses extending downwards from the ground surface; by high groundwater

pressures; or by toe unloading (Skempton, 1964). The term infinite slope is used to

designate a uniform slope of an extent large enough that a typical clemcnt can be

eonsidercd representative of the slope as a whole and irregularities at the toe and the

crest of the slide can be ignored. The soil properties and porewater pressurc at any given

distance below the ground surface are assumed constant. The analysis is simple and

direct.

2.15.7 Computer Based Slope Stability Analysis

The calculations involved in slope stability analysis arc rcpitetive and laborious. Thus the

most problems in practice are now solved with the aid of computers. Details vary from

program to program, but essentially the methods consist of reading the profile into the

computer in the form of a series of straight lines and associated soil types, then

superimposing on this profile a family of trial sliding surfaces which can be analysed to

find the lowest safety factor for the slope. A good program eill permit speei fication of an

irregular slope with variable soil properties expressed eithr in total or effeetive- stress

terms. It will accommodate external water, line and earthquake loads, and ean aecept

porewater pressures described by either a constant soil parameter ru= ~tI('YH) or by a

phreatic surface. It m'ay also permit selection of the method of solution (for exam pic. by

Bishop's Method, Spencer's method etc.), and of the shape of the slide surface, whether

cicular or non-circular (Fredlund, 1978).

The software XSTABL is such a program that provides an integrated environment for

performing slope stability analyses running MS-DOS. There arc many factors such as

slope geometry and its surface conditions, roughness, weather and environmental

conditions which influence stability of a slope. Considering the fact that it would be

impossible to relate the stability to all these factors within the time and scope of this

study, deep circle and shallow circle were considered for stability analyses using a

computer code XSTABL.
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.'II/alytical Featllres of the Program XSTABL

XSTAI3L is a fully integrated slope stability analysis program. The Generalized Limit

Equilibrium (OLE) method has been implemented in XSTAI3L. This method allows

factors of safety to be calculated for force and moment equilibrium or for force

equilibrium only, using different interslice force angle distributions. With this approach,

the user can readily calculate the factor of safety according to Spencer's, Morgenstern-

Price, or one of the methods proposed by the Corps of Engineers. If an analysis requires

a search for the most ~ritical failure surface, the simplified I3ishop and Janbu methods of

analysis are selected due to their relative ease of use. The program may be used to either

search for the most critical circular, noncircular, or block-shaped surface. or

alternatively, to analyze a single circular or non-circular surface. Thc critical surface is

identified by automatically generating and analyzing failure surfaces between defined

initiation/termination ranges or by connecting points randomly located within search

boxes specified by the user. This aproach minimizes the required input parameters and

eun be effectively used to confine the surface generation within a nurrow, well-defined

zone. The soil strength along the failure surface may be described as either convcntional

(i.c., C, 0), undrained or non-linear Mohr Coulomb and can bc either isotropic or

anisotropic. The undrained strengths are assigned as a function of the vertical elTective

stress.

XSTAI3L is programmed to handle:

I. Heterogcnous soil system

2. Anisotropic soil strength properties

3. Pore water pressure for effective stress analysis may be simulated by spccifying

a) A Peizometric surface

b) Multiple Phreatic surfaces

c) Pore pressure grid

d) Pore pressure parameter, Ru

e) Constant pore water pressure

4. Pseudo-static earthquake loading

5. Surcharge boundary loads.
6. Automatic generation and analysis of an unlimited number of circular.

noncircular and block shaped failure surfaces.
75



P"r"meters Used in XSTA BL

XSTABL uses a soil unit number to uniquely identify the different soils in the slope. The

spatial distribution of the soils is then assigned by specifying the appropriate soil unit

number corresponding to the soil beneath each boundary segment The parameters lor

each soil unit are assigned for isotropic and/or anisotropic soils using one of the options

available under "SOIL" category.

A. Isotropic Soils

XSTABL can include soils that exhibit isotropic or anisotropic strength

properties. For each soil unit, the following properties are required:

I. Moist Unit Weight: Used to calculate the weight of each portion of the

diseretized slice above the ground water level

2. Saturated Unit Weight: used to calculate the weight of each portion of the

diseretized.sliee below the ground water levcl

3. C- Value: Represents the intercept on the Mohr-Coulomb envelop for the

strength parameters of the soil

4. <1>-Value: Represents the slope of the Mohr-Coulomb envelop for the strength

parameters of the soil

5. Ru Factor: Used to model the pore water pressures as a fraction of Ru of the

total vertical earth pressure within the slope.

6. Constant Pore Pressure: This option allows the users to specify a constant

pore water pressure for all points within a soil layer.

7. Water Surface Index: Defines a phreatic or piezometric sur/lICe that

influences the soil layer if a soil unit is not affected by a watcr sur/lice. a

water surface index of 0 (zero) should be specified in the soil propcrty data

table.

B. Anisotropic Soils

Soils anisotropic strength properties arc described by asstgnlllg the ivlohr-

Coulomb strength parameters (i.e. e and <I')to discrete angular ranges bctwcen -
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900 to +90°. measured counterclockwise from the horizontal. Then. depending on

the angle of the base of each discretized slice. the appropriate c and '\> values arc

selected from one of the specified ranges for the computing the factor ofsafet)'.

Assumptions Used inXSTABL

Water surfaces, associated with soil units, may be used to represent phreatic or

piezometric surfaces for calculating pore water pressure at points within the soil mass if

a water surface is not defined across the failure surface zone. In general the phreatic

surface approach is more realistie and will calculate a higher effective strength.

However, if piezometers have been installed, and pore water pressure data is available

for a potential failure surface, the piezometric surface approach should be used for the

analysis.

A. Phreatic Surface: These represent the free ground watcr levcl within the slope. In

most slopes this groundwater level will be inclined, indicating ground water

flow. Such conditions require that the pore water prcssurc calculations account

for the secpage losses This requires the determination of thc equipotcntial linc

passing through the center of the slice base. The equipotential line is assumed to

be a vertical line. The inclination 0 the phreatic surface and the magnitude of the

vertical distance between the phreatic surfaces is located above the ground

surface, hydrostatic pressures are assumed to act upon the ground surface

boundary.

B. Piezometric Surface: This presents the actual pressure head relative to a surface

within the slopes. This relative surface, in two dimensions, will correspond to a

line such as a potential failure surface. This option should only be used to

examine the stability of single surfaces, or for a back analysis of an actual slope

failure. Pore pressures are calculated according to the vertical distance between

the base of the slice and piezometric surface corresponding to the appropriate soil

unit.
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Figure 2.29: Variety of Slope Failure Circles Analysed at Varying Radii from a Single

circle Center (Connolly, 1997)
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Figure 2,30: Graph Showing Factor of safety against Radius (Connolly, 1997)
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Figure 2.31: Failure Surface Analyzed from a Variety of circle Centers (Connolly, 1997)
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2.32: Slope Showing Overall Failure Surface and Smaller Individual ones (Connolly,

1997)
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Figure 2.33: Analysing the Effect of Extema I Water Load on a Slope (Connolly, 1997)

Figure 2.34: The Method of Slices (Connolly, 1997)
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CHAPTER J

BASIC DATA COLLECTION AND SOIL INVESTIGATIONS

3.1 General

The goal of this study is to produce microzonation maps in GIS environment by

incorporating the hazard analyses results. GIS is considered to be the most valuable

and powerful software for spatial data compilation, integration, analysis and graphical

and non-graphical representation. Thus an updated administrative boundary map of

the study area is essential to represent the outcomes of the research. For geotechnical

data collection field and laboratory investigations were performed. The lield

investigation consisted of drilling boreholes, collecting samples and conduction of

Standard Penetration Test. The laboratory tests included sieve analysis. index

parameter tests, specific gravity test, standard compaction test and direct shear test.

3.2 Updated Administrative Boundary of Municipal Area

An important issue in developing a seismic mierozonation map is the selection of an

appropriate geographical reference, or geo-eode, which will generally be driven by

the availability of input data regarding soils conditions. Municipal areas arc divided

into wards and wards are divided into Mahallahs. For this study, Municipal

administrative boundary incorporating locations of Wards was adopted as

geographical reference (geo-eode) for the microzonation. Recently Cox's flazar

municipality has been expanded and the administrative map has not been finalized

yet. For this study the proposed map as of January 2009, was collected from

Municipal Offiee where total area is divided in to 9 wards. The map is shown in

Figure 3. I. GPS values of different core sites of the study area were collected. The

existing municipal map was scanned and was converted into digital map. Thus CifS-

based updated administrative boundary has been developed for the study area.
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3.3 Geotechnical Data

Field survey was c'ondueted at entire area under Cox's Bazar Municipality. In this

survey, locations to be investigated for Standard Penetration Test and landslidc

potential were identified. Necessary data such as subsoil reports and geology,

topography etc, was collected from different relevant sourccs. Twelve subsoil

investigations were specifically carried out for this rcscarch. Also soil samples from

eleven hills wcre collected and tested in laboratory. Fourteen other subsoil reports

were collected from different sources. All the data were saved in MS Excel. For

assessment of landslide potential Geological Map and Aerial Photograph are also

essential, however; these were not available in the concerned authorities' office.

Considering above limitations this study was carried out.

3.3.1 Standard Penetration Test

A total of 26 borehole SPT data were used to study sitc amplification as wcll as soil

liquefaction potential characteristics of municipality arca. Among them, twclve

subsoil investigations have been carried out using CASR fund. The boreholes were

drilled upto a depth of IS metres. The borings were drilled vertically using the wash

boring teelmique and equipment capable of pushing tubc samplers by hydraulic

pressure. SPT was carried out in each boring at nominal 1.5 m intervals and the N-

values, i.e., number of blows count for each standard penetration was counted. The

other fourteen boreholes' SPT data up to a depth of 30 metres were collected from a

research project on Cox's Bazar District, carried out under the Department of Civil

Engineering, BUET in 2007-2008 (Dhar et. AI., 2008). This ensures the authenticity

of the collected data. Table 3.1 presents locations of borchole data from diffcrcnt areas

of Cox's Bazar Municipal used for this study, where the first twelve locations arc from

primary source and the rest are from secondary source. Figure 3. I shows borehole

locations of primary (current study) and secondary (previous study) source points of

borehole SPT data. All the bore log sheets are presented in Appendix D.
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Table 3.1: Location of Borehole Data of Cox's Bazar Municipal Area
_. ----- ... ,

SI Location Longitude Latitude!
No. I

1 CYclone Shelter near Diabetic Hosnital 91.96212 21.44223

2 Baharchhara High School 91.96673 21.43g47

3 Shaibal Hotel Water Tank 91.96683 21.4327X

4 Golf Field Laboni Moore 91.97415 21.43012

5 Shamudra Bilash, Middle Saikat Para 91.98233 21.422g7

6 Baharchhara Gol Chaltar Field 91.97402 21.43463

Cox's Bazar Nursery
-- - .-

7 91.97487 21.43752

8 Cox's Bazar KG & Model High School 91.97060 21.44402

9 Fulbagh, Rice Market Road 91.98188 21.44445

10 Teknara, Near Pond 91.98612 21.44283

11 Rumaliar Chhra, HSA Road 91.99183 21.44073

12 Bibekanondo Bidya Niketon, Ghonaroara 91.97903 21.43757

13 76/A, Kalatoli-3 91.97925 21.42755

14 Cox's Bazar Press Club 91.98680 21.47290

15 Central GoV!. PS cum CS 91.99040 21.45380

16 Peskaroara GOY!.PS cum CS 91.98630 21.45540

17 Kosturaghat GOY!.PS 91.98350 21.45320

18 Kolatoli World Vision MCS 91.99240 21.41800

Baitus Sharaf Jameya Mosaue, South Baharchhara
-

19 91.98050 21.43550

20 Banl!ladesh Red Crescent Society, Motel Road 91.97380 21.44230

21 Banl!ladesh Water Deyelonment Board 91.97720 21.43980

22 Teknara GOY!.PS 91.98730 21.4459() I
23 Ghonaroara, Near Kaderia Non-GoV!. PS 91.98360 21.43~i~1
24 Mosiid Compound, Ice Factory Road 91.99240 21.44630

25 Ramkrisna Shebasram, Baiddorghona 91.98710 21.43980

26 Primarv Education Officers' Compund 91.99250 21.440 I0

Suuree

Current
Study I

I

\---I

Previous I
Study

3.3.2 Grain Size Analysis from SPT Samples

To obtain soil parameters such as grain size (soil type and D5u) Grain Size Analyses

of the SPT samples of different depth were performed in the laboratory. The grain

size distribution curves are proyided in Appendix E.

3.4 Landslide Estimation Data

Hill ranges and hillock mainly appear to the Northern part of the Cox's Bazar town.

Baillarpara, Ghonarpara, Baiddorghona, Pahartali, Light I-louse Para, Bus Terminal.

Saikat Para, Kolatoli areas of the municipality are mainly consisted of these hillocks.

These hills range from 15 meters to 40 meters in height. From the surface elevation

map produced by the Geological Survey of Bangladesh (Alam e!. al.. 199() it can be

observed that the ayerage height of this hilly range is 3() meters.
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Ililly regions of this area have been surveyed and location, height, slope and other

relevant data have been collected. The slopes of the hills range from 45 degree to

almost 90 degrees. All most all the hill ranges contain some eroded slopes with almust

vertical positioning. Photographs of some of the prominent hills have been presented

in Appendix G. Dense population, houses and even multistoried buildings have been

observed on these eroded slopes and at their vicinity.

Eleven disturbed samples from different locations (pbotographs arc provided in

Appendix H) of the municipal area were collected for laboratory investigations

including specific gravity test, grain size analysis, Atterberg limits. standard

compaction test and direct shear test. Summary of the tests are provided in Appendix

I. Table 3.2 and Figure 3.2 show the locations of the samples.

Table 3.2: Sample locations for estimation oflandslide potential

Sf Location Longitude Latitude
No.
I Hill behind PTI School 91.98433 21.43933
2 Ghonarpara (Boiddorghona) 91.98280 21.43807
3 Light House Hill 91.97863 21.43055
4 Kolatoli Bipass 91.98728 21.41703
5 Boiddorghona (Behind Mediplus Pharmacy) 91.98290 21.43765
6 Kolatoli Sykat Para 91.98367 21.42183
7 Bus Terminal 91.99640 21.43642
8 Khaja Monjil, Pahartoli 91.98292 21.43498
9 Circuit House 91.97613 21.43650
10 Ghonerpara Road(M r. Subrata's House) 91.98102 21.43665
II Boillarpara Temple Hill 91.98950 21.43533
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3.5 Summary

This chapter discusses development of boundary map with ward locations or Cox's

Bazar municipality, collection of 'soil samples and subsoil investigations which arc

basic data to carry out the study. The GPS locations of all the borehole investigation

points and hill soil samples have been presented on the digitized municipality map.

The summary of the bore logs and laboratory test results arc provided in the

Appendix.

]1 <Hjtl

9195 E 91.96E 91.91 E 9198 E 9199 E

21 4] IJ

91 no [

Figure 3.1: Cox's Bazar Municipal Area Map Showing Soil Borehole Locations
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CHAPTER .j

SEISMIC HAZARD ANAL YSIS

4.1 General

It is well understood that earthquake damage to life and property results primarily

from strong-ground shaking and indirect shaking-induced hazards such as

liquefaction, landslide etc. Severe earthquakes of the last dceadc in Armcnia. China.

India, Indonesia, Mexico, Taiwan, Tehran, Turkey and the United Statcs havc

reemphasized the importance of local geologic site conditions in estimating thc

regional damage and consequent losses due to future major earthquakes. Again during

land use management, city planning, engineering design and in similar applications.

proper evaluation of earthquake hazard is needed. The first step in reducing thc risk of

the society from earthquake hazard is the assessment of the hazard itself. Seismic

microzonation map for strong-ground shaking, liquefaction, and landslidc can playa

significant role in mitigating the effects of earthquake in urbanized regions.

Seismic hazard analysis involves the quantitative estimation of ground shaking

hazards at a particular area. Seismic hazards can be analyzed deterministically as and

when a particular earthquake scenario is assumed, or probabilistieally, in which

uncertainties in earthquake size, location, and time of occurrence arc explicitly

considered (Kramer, 1996). A critical part of seismic hazard analysis is thc

determination of Peak Oround Acceleration (POA) for an area/site.

In this study, seismic hazard is defined as the probability that an event is exceeded for

a given time interval and the frequency of occurrence of this event. Thus seismic risk

analysis determines the probability of occurrence of a given event or conversely. the

identification of the event for a given probability or risk for a given site or area. The

event may be any'parameter (e.g., POA, POY, POD, Intcnsity) which is decmcd to he

representative of the effect which is to be studied. It is important to consider thc

parameters which will correlate well with the effect to be considered. For analyzing

liquefaction potential, it is necessary to usc POA because it directly affects the lateral

force imposed on soil. This expected lateral force is then considered in determining

the safety factor for a particular soil location.
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4.2 Mcthodology

Numerous methods for earthquake hazard assessment in a given site arc available

today. Lomnitz and Epstein (1966) employcd the Poisson proccss for the oecurrellt;e

of large earthquakes which is still used. Cornell (1968) and Estcva (1968) derived the

general basis for'the most complete analysis of thc whole scismic hazard problem

with the inclusion of the propagation mechanism of the ground motion. Shah and

Vagliente (1972) used the Markov model of carthquakc prcdietion in seismic hazard

analysis. A methodology for seismic hazard estimation based on historical earthquake

occurrences is presented in detail in Tomatsu and Katayama (1988) and Molas and

Yamazaki (1994). In Japan, the seismic risk method proposed by Kawasumi (1951) is

still popular while in the United States, the basic method proposed by Corncll (1968)

is often used.

A methodology for seismic hazard estimation based on historical earthquake

occurrences is presented in detail below. The seismic hazard evaluation at a speci lied

site depends upon the definition of the following four modcls:

(a) Earthquake source model: It is based on geological cvidcnce, Scismic sources arc

identified and modelled as a point, line, arca or dipping planc. In this study. a

point source model is used. Figure 4.1 shows different source models.

(b) Seismicity model: The seismicity of cach of thc modelled sources IS lirst

determined from past data available. The recurrence relationship relating the size

of the past events in terms of Magnitude (M) and Peak Ground Acceleration

(PGA) is derived, The seismicity model used in Molas and Yamazaki(1994) is

usually taken as

log(v) =a+b*M

log(v) =a+b*log(y)
where M is the earthquake magnitude and y is the pcak ground accelcration. v is

occurrence rate per year and a and b are regression constants. These relations can

be written as

M= (-log(I)- a)/b

log(y)= (-log(T)- a)/b

(-1.3)

(-I. -I)



where T (=lIv) is the return period in years. Thus, the above equations represent

magnitude and the peak ground acceleration for a return period of T years.

(c) Attenuation model of ground motion: This describes the transfer of ground

motions from the source to a particular site as a function of magnitude. distance and

soil conditions. Here, the peak ground acceleration is used to characterize the ground

motion; the attenuation law is in the form

log(y) = b] + b2 (Ms) - bJlog (r) - b4 (r) (4.5)

where r2 = d2 + h2, r is the hypo central distance (km), d is the epieentral distance

(km), h is the focal depth and Ms is the surface-wave magnitude. The attenuation

law is required to determine the peak ground acceleration at the site for different

events and then to determine the regression constants a and b for Equation (4.4)

(d) Recurrence forecasting model- Various statistical models have been tested in

numerous research papers; however, for practical purposes, earthquakes arc

considered to be random events, and the Poisson process is used, which implies

assumptions of stability and independence over time. Since hazard analysis

defines the occurrence of ground motions equal to or larger than a specified value,

the probability of exceedance isused. For a Poisson process this may be expressed

as

p= ]-exp(- vt) (./.6)

where v is the mean annual occurrence rate of events of particular peak ground

acceleration over a given time t. From equations the value of the peak ground

acceleration for a given b and time period t can be calculated as:

log(y) = log( -In(p/t)-a)/b (./.7)

From the assumption of the Poisson process, the relation bctween the probability

ofexceedance and the return period of peak ground acceleration, T, is given by

T=l/v=-t/log(p) (1.8)
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4.3 Earthquake .:"nalysis

In the regional seismic loss estimation analysis it is needed to determine the bedrock

motion in the region. The most common method involves the usc of an empirical

attenuation relationship. These relationships express a given ground motion parameter

in a region as function of the size and location of an earthquake event. Applying

statistical regression analyses to recorded data has developed numerous relationships

in the past. Often these relationships are developed with different functional furms

and with different definitions of ground motion, magnitude, distance, and site

conditions. Figure 4.2 shows the flowchart for earthquake hazard analysis at bedrock

level and Figure 4.3 shows flow chart for PGA estimation at ground surface.

4.3.1 Selection of Earthqual{cs around thc Sitc

To estimate the seismic hazard in any particular site within a region reqlllres a

selection of earthquakes which affect significantly the value of the hazard output.

However, there is no strict rule for selecting the maximum epieentral distance to the

site. A small area around the site results in a smaller number of earthquakes tu be

considered and some events outside the zone considered may affect the hazard in the

site. This, naturally, will decrease the data set for regression. On the other hand, a lOO

large area may inelude earthquakes which do not affect the seismic hazard in the site

and are thus useless. It has been observed (Sharfuddin, 200 I) for an epiccntral

distance of 200 km and beyond, the b-eoeffieient of the Gutenberg-Richter formula is

relatively stable. The evaluation of seismic hazard at a site is carried out only if the

number of earthquakes in the area considered (200 km radius) is larger than 10 and

the surface-wave magnitude is equal to or greater than 4.0.

In this study evaluation of seismic parameter has been carried out using the seismic

data over an area having a 250 km radius around Cox's Bazar Municipal area

(Appendix 13,Figure 4.4).
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4.3.2 Selection of Attenuation Law of Peak Ground Acceleration

In Bangladesh, no PGA based attenuation law exists. To get engineering bedrock

level (depth of 30 m) PGA, equations presented in Table 2.6 (chapter 2) were used.

The historical earthquakes around the study area and their magnitude. epicentral

distance, focal depth and intensity wcre considcred to estimatc PG/\ (%g) value in

this study.

To select the most suitable attenuation law for predicting rock motions. the

methodology adopted in few previous studies were followed (Sabri 200 I. Sharfuddin

2001). From these studies it is found that McGuire (1978) as well as Joyner and Boore

(1981) equations follow the PGA trcnd of most large earthquakes in and around

Bangladesh. Since, McGuire equation has already been used for Bangladesh for

seismic hazard analysis (Sharfuddin, 2001) and due to its simple form it was selected

for further use. Table 4.1 shows the PGA values at bedrock level from two attenuation

laws for the most significant earthquakcs around thc study area. The attcnuation laws

for rock used in this study, McGuire (1978) and Joyner and Boore (1981) arc

presented as Equll,tions 4.9 and 4.10 ewspectuvely.

PGA =0.0306eo.89Mr"1.I7

PGA = 0.0955 e(.57JM)d(,I). e(.0.00587d),d= (r2+h2)0.5

Where,

M = Earthquake Magnitude,

d = Epicentral Distance,

r = Hypocentral Distance and

h = Depth

(4.9)

(4.10)
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Table 4.1: PGA values (% of g) at bedrock level from diflcrent attenuation laws li,r

different scenario events

Attenuation M=7.8 M = 7.66 M=7.9 M=6.5 M = 6.24

Law (1664) (1858) (1912) (1955) ( 1959)

_ .._--
McGuire

0.0330 0.0214 0.0266 0.0562 O.07XO
(1978)

Joyner and

Boore 0.0029 0.0011 0.0013 0.0260 0.0401

(1981)

4.3.3 Regression Analysis

Seismic parameter b was evaluated from G-R relationship (Gutenberg and Richter.

1944), a method utilizing extreme, instrumented and complete catalogs. Linear

regression was applied to each site which is taken as the centre of an area of 250 km

radius where past earthquakes are likely to occur again. The hazard curves of Mean

Annual Rate of Exceedance (v) versus Peak Ground Acceleration (PGA) and Mean

Annual Rate of Exceedance (v) versus Earthquake Magnitude (M) were generated at

the rock levels. Figure 4.5 and 4.6 show the regression curves fitting for Cox's Bazar

Municipal area. The hazard in terms of the rock level PGA values and probable

earthquake magnitude corresponding to return periods of 200 years were quanti lied

from equation 4.3 and 4.4 as, 0.18g and '8.26 consecutively. Since the largest

Magnitude earthquake around the 350-450 km radius of the study arca is 7.9 and

around 250 km radius is 6.5, a cut-off Magnitude of 7.5 carthquake was considered as

thc expected onc in 200 years return period and thus used for further analyses.
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4.4 Local Sitc Effccts

Seismic zonation maps for strong-ground shaking, liqucfaction and lands Iidc can play

a significant role in mitigating the effects of earthquakes. In Chapter 2 it is discussed

how a geographic information system (GIS) provides an idcal cnvironmcnt for

compiling and integrating regional databases of spatial geologic and gcotcchnical

information for purposes of seismic zonation. The main aim of this rcscarch is thc

development of seismic hazard maps considering local site attributcs for Cox's Bazar

Municipality.

4.4.1 Sitc Amplification Analysis

For site amplification analysis, shear wave velocity for 26 borehole data up to a

maximum depth of 30m were calculated by using equation of Tamura and Yamazaki

(2002) presented in Table 2.7. This empirical relation combines both dcpth and Sf'T.

N value with soil conditions. A soil database of 26 borcholes was dcvclopcd in MS-

EXCEL. In this study, the engineering bcdrock was assumed to bc thc layer at which

the shear wave velocity (V,) exceeds 400 mIs, which exist almost 30 m deep from thc

surface of the study area. The calculations show that the shear wave velocities at

bedrock level vary from 400 mls to 500 mls.

Vibration characteristics plotted as transfer functions at different points of the study

area were estimated by employing one dimensional wave propagation program

SHAKE. The computations were made in the frequency range 0 to 20 liz at

frequencies every 0.05 Hz interval. The loss of energy of seismic wavcs in the soil

layers was also considered. An estimation of the fundamcntal frequency and the

maximum value of the amplification were obtained for each site from tilt; transfer

functions. Typical graphical representation of frcqucney versus amplitude is shown in

Figure 4.7. For estimating the site amplification and prcdominant frequency frol11 the

two approaches were taken into consideration. To evaluate the extreme and worst

hazard condition first peak of the plot was considercd assuming that thc largest

amplification of the soil will occur at the lowcst natural frcqucncy or its fundamemal

frequency. The other approach involved thc estimation of avcrage horizontal spectral
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amplification (AHSA). This was adoptcd to dcrivc more precise quantitativc

relationship between surface geology and local amplification. In this casc thc averagc

amplification value was estimated in the 0.1-10.0 Hz frequency rangc (Shima. 1975)

and the frequency value corresponding to that average amplification factor wcrc

selected. Table ,4.2 presents the site amplification factors and corrcsponding

predominant frcquencies cstimated at differcnt locations of Cox's Bazar Municipal

area.

The computed results from the site amplification potential analysis werc exported to a

GIS environment for further processing and visualization. They were c1assificd into

different classes according to the extent of amplification factors and ranges or

frcquencies. The results were plotted on the Cox's Bazar municipal area map using

spatial interpolation among the borehole locations and convcrting the vectorial point

features into continuous raster map through grid generation. Thus microzunatiun

maps (Figure 4.8 to Figure 4.11) based on site amplification (timcs) and fundamental

frequencies (hz) were developed considering the two conditions.

In this study, the intensity attenuation law (Equation 4.11) for proposed by Sabri

(2001) was also used to verify the surface PGA. These intensities were converted into

PGAs by following Trifunac and Brady (1975) equation 4.12. The maximum PGi\

obtained from this relationship for alluvial soil was 0.25g for M = 6.24 earthquake or

1959. This PGA was further compared to the ground surface PGA obtained through

imposing subsurface amplification to the bedrock PGA from McGuire (1978)

equation.

1= 8.378+1.283*M-0.0007483*r-4.9*log(r)

log PGA = 0.014+0.3 * I

where, I = Intensity of Earthquake

M = Magnitude of Earthquake and

r =Hypoc.~ntral Distance

(4.11 )

(4.1 ~)



Table 4.2: Results of Amplification factor and corresponding predominant frcqucncy

at different locations of Cox's Bazar Municipal Area

Frcqucncy Alii plifica Iion
SI liz)

No.
Location 1st 1st

Peak AilSA Peak
AilSA

1 Diabetic Hosnital CYclone Shelter 5.3 3.8 2.0 I.7

2 Baharehhara High School 5.2 3.6 2.3 I.7

3 Shaibal Hotel Water Tank 5.2 3.4 2.2 1.6

4 Golf Field Laboni Moore 5.0 3.3 2.0 1.6

5
Shamudra Bilash, Middle Saikat 5.3 3.6 2.0 1.6
Para

6 Baharehhara Gol Chattar Field 5.9 4.1 2.1 I.7

7 Cox's Ba7,ar Nursery 6.1 4.1 2.0 1.6

8
Cox's Bazar KG & Model High 5.5 3.7 2.2 1.6
School

9 Fulbagh, Rice Market Road 4.2 3.6 2.2 1.6

10 Tekpara, Near Pond 4.6 3.2 3.6 2.0

11 Rumaliar Chhra, HSA Road 7.1 5.1 2.9 2.2

12
Bibekanondo Bidya Niketon, 6.8 4.4 1.9 1.6
Ghonamara

13 76/A, Kalatoli-3 5.9 4.2 2.2 I.7

14 Cox's bazar Press Club 5.6 4.0 2.6 1.9

15 Central Gov!. PS cum CS 7.7 5.5 2.0 1.6

16 Peskamara Govl. PS eum CS 8.0 5.2 2.8 2.1

17 Kosturaghat Govl. PS 7.7 5.2 2.2 I.7

18 Kolatoli World Vision MCS 8.1 5.4 2.2 I.7

19 Baitus Sharaf Jameya Mosque 7.9 4.7 1.9 1.5

20 Bangladesh Red Crescent Society 7.3 4.8 2.0 1.6
-

21
Bangladesh Water Development 7.2 4.8 1.9 1.6
Board

22 Teknara Govl. PS 5.7 4.1 3.2 2.1

23
Ghonarpara, Near Kaderia Non- 7.3 4.8 2.2 I.7
Govl. PS

24
Mosjid Compound, Ice Factory 3.8 2.8 2.8 2.1
Road

25
Ramkrisna Shebasram, 5.3 3.3 2.4 1.6
Baiddorghona

26
Primary Education Officers' 11.2 4.3 2.4 1.5
Compund
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4.4.2 Liquefaction Analysis

From the site amplification study, the average amplification factor was l<llll1d to be

2.3 and 1.7 respectively for extreme and average conditions. The roek level I'G,\ for

return period of 200 years was estimated as 0.18g. Thus the surfaee level I'GAs

calculated by multiplying the rock level PGA with amplificution fuctor were 0,4 1 gat

extreme condition and 0.31 g considering AHSA. These PGAs were used in

liquefaction analyses for the two cases. Figure 4.12 shows the flow chart for

liquefaction potential analysis for the study area. Since the largest earthquake

magnitude has been considered as 7.5, the relevant Magnitude Scaling Factor (MS!').

as shown in Table 2.8, was selected as 1.0. Particle diameter data for a particular

depth of soil was obtained from grain size distribution curves (Appcndix E) which

were used to find out the CRR values from curves (Figure 2.24). Boreholc data Irom

26 points in Cox's Bazar municipal area were stored in MS Excel Worksheets. AI\ the

boring data include SPT N- values measured at 1.5 m intcrval. To consider the worst

condition ground water table have been assumed at a depth of 1.5 m. The liquel:lction

resistance factor, FL, for the top 20 m of soil, and the resulting liquefaction potential.

IL for the 26 sites were calculated. The flow chart of liquefaction analysis used in this

study is shown in Figure 4.12. Result of Liquefaction potcntial was provided in a

tabulated form in Table 4.3. The computed results (Tablc 4.3) from the liquefaction

potential analysis were exported to a GIS environment and plotted on the Cox's l3azar

district map dividing the study area into diffcrcnt zones according to the ranges of

liquefaction potential index values (Table 2.9). Thus microzonation maps were

developed for liquefaction potential for the two conditions which have been shown as

Figure 4.13 and Figure 4.14. Microzonation maps wcrc also dcvcloped based on the

surface PGA (Figure 4.16 and Figure 4.17) expcctcd to bc cxpericnccd by the area

based on the surface PGAs calculated for diffcrent sites.
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Table 4.3: Liquefaction Potcntial Indices for different Locations of em" Ba/ar

Municipal area

r---.- I

f SI Location
Liqucfaciol1 Liqucl'acillll

N;J. (Extrcmc) (Averagc)-"- ----
Diabetie Hospital Cyclone Shelter 43 high 20 hi~h

- - -

1 l3aharchhara lligh School 102 high 38 high

3 Shaibal Hotel Watcr Tank 141 high 74 high
-

-I Gal r Field Laboni Moore 43 high 9 llll H.I(' r, Ill'
--.- - -

5 Shamudra 13ilash, Middle Saikat Para 89 high 37 high

6 Baharchhara Gal Chattar Field 82 high 54 hig.h

7 Cox's Bazar Nursery 25 high 8 moderate

8 Cox's Bazar KG & Model High School 81 high 35 hig~l_

9 Fulbagh, Rice Market Road a No 0 No

10 Tekpara, Near Pond 0 No 0 No

11 Rumaliar China, HSA Road a No a No
.-

No 112 Bibekanondo Bidya Niketon, Ghonarpara a No a
13 76/A, Kalatoli-3 52 high 29 hi~h

14 Cox's bazar Press Club 56 high 37 hi~ll-1

15 Central GOY!. PS cum CS 4 low 1 low

16 Peskarpara GOY!. PS cum CS 31 high 30 high -~

17 Kosturaghat GOY!. PS 16 high 12 moderate
,

IX Kolatoli World Vision MCS 27 high 11 moderatc

19 Baitus Sharar Jameya Mosque 5 low a Nu

20 Bangladesh Red Crescent Society 4 low 1 low --

21 l3angladesh Water Deyelopment Board 3 low a No I
1--.-

---
22 Tekpara GOY!. PS a No 0 No

l' Ghonarpara, Ncar Kaderia Non-Goy!. PS 41 high 29 high
_J
24 Mosjid Compound, Ice Factory Road 128 high 100 high

r Ramkrisna Shebasram, Baiddorghona 115 high 94 high
-)

26 Primary Education Officers' Compund 20 high 13 moderate
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Soil Properties

Analysis of Liquefaction
Resistance Factor for Each

Layer (FL value)

Estimation of Liquefaction
Potential for each site

(ILvalue)

PGA at Surface

Groundwater Level

FL Method (Seed-ldriss. 1')X-3-~_-.1

IL Method (Iwasaki el. al..
1986)

Figure 4.12: Flow chart of Liqucfaction Analysis ofthc study area
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-1.4.3 Landslidc Potcntial Analysis

The overall stability failure mechanism is development of slip circles resulting in "

deep sliding surface. This is a conventional soil mechanics stability prohlem. Pre-

existing slip planes within the soil, cracker material can bave a signilie"nt d'ket "n

slope stability. Stability analysis is carried out to evaluate tbe nIetOI' "f s"fely "g"inst

bearing capacity failure.

The program used for stability analysis is XSTABL. which is a fully integr"tc'd sl"pc'

stability analysis program. XSTABL performs two dimcnsional limit equilibriul1l "nd

analysis to cvaluate the factor of safety for a layered slope using the simplilied Ilish"p

Mcthod. The strength parameters of thc slope and foundation materials required "'I'

the analyscs (auld be obtained from consolidated undrained direct shear tests

pcrformcd on soil samples. The minimum valucs of undrained cohesion (e,,) and

undrained angle of internal friction (<j>,,) wcrc uscd ill the slope stability "n"l,ses. 'II",

values of c" and <j>" uscd in all thc analyscs have been provided in Appendix I. The

location of the water table in all the slope sections was assumed to be well helow Ihe

toe of the slopes. The height of the slope was considered as 30 m (I (J(J 1\ I which '\;LS

observed from field survey as the average height of the hills of Cox's B"z"r.

Generally the slopes were found to be 60° to 80°. Considering human "cli, ilies '"ld

ongoing hill cutting activities the average slope of the hills were assumed \0 he 711",

From the analyses it was observed that only single data contained the representati\l'

value of 'satisfactory' Factor of Safcty (Table 2.11, Chapter 2) ami the rest w (Ie

'unsafc' (Table 2,11). Thus the landslide potential was categorized as 'high' and 'I"w"

for Factor of Safety being greater than or equal to 1.2 and less than 1,2 consecllti,cl"

The corresponding Factor of Safety values have been exported to (j IS and plotted "II

the Cox's Bazar municipality range. Thus the mierozonation map hased on landslide

potential was developed which is shown as Figurc 4.15.
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Table 4.4: Summary of Landslide Potential Analysis

SI Sample
Factor of

No. Safety
1 Hill behind P.T.! High School 1.44

2 Ghonarpara Hill 0.31

3 Light house Hill 0.69

4 Ko1ato1iBypass Hill 0.68

5 Boiddorghona Hill 0.30

6 Kolatoli Saikat Para 0.58

7 Bus Terminal Hill 0.72

8 Khaja Monjil, Paharto1i 0.33

9 Circuit House Hil1 0.60

10 Ghonerpara Road (M r. Subrata's 0.30
House)'

11 Boillarpara Temple Hill 0.31

21.44N

21.45 N

21.42N
9200E

21.43N

91.99E91.98E91.97E

1

91.96E

o

Landslide Potential
o High {FS < 1.2}
o Low {FS >--12}

91.95E

Figure 4.17: Microzonation map based on landslide potential in Cox's Bazar
Municipal area
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4.5 Seismic Hazard Integration

The most important endeavor of this sludy is the estimation of seismic ha/.ards linked

with the local site attributes of soil amplilieation. liqucl~lction. and landslide and Ihen

integrating them in such a manner so that a rclketion of probable aClual disaster

consequences can be represented. II is not feasihlc 10 resolve 11<)\\'much 01' thc

potential hazard is discretely attributed by each 10e,1I sile clTee!. eonsc'quc'nll, Ih"

ultimate regional seismic hazard distribution is estahlishc'd on a w'eighled 'I\Clag"

combination of the hazards related with each effect.

4.5.1 Integration of Site Effects in the GIS Environlllent

Since every analysis region is different; the quantilication of the secondary site cfkcls

and the weighting scheme for combining the various scismic hazards is cunsidered 10

be heuristic, based on judgment and expert opinion aboul Ihe inlluenec of local Sill'

conditions in the region and the accuracy of the available geologic and geoleehnic,1I

information. Figure 4.18 shows Ihe now chart for developing combined sc'ismie

hazard maps.

The rock level ground shaking in the region was dClermined as 0.18g. This 1'( iA was

considered as constant since the study area is small. The seismic intensity is basie,III,

a subjective one, based on the human sensations or damage during an earthquake. II

was assumed that the final combined seismic hazard would be quanti lied in terms 01'

Modilied Mercalli Intensity (MMI) (Appendix K). The equation used here 10 eOI)\ crt

PGA to intensity is developed by Trifunac and I3rady (1975) and is given by I':qualion

4.12.

For the extreme condition the regional distribution of ground shaking h'l/ar<ls

(MMIGs) considering 2.0, 2.5 and 3.0 times amplification of the 1'0;\ were caicul'lll.d

and presented as Figure 4.19 (a) to 4.19 (c) and 4.20. The MMI scale is subjl'Cli\e and

assigned as integer values, therefore the MMlc;s values arc rounded to the nearl'SI ().~

I I ()



Figure 4.13 shows the regional distribution of liquef~lction potential in lhc stud, arL'"

categorized as "high" and "low". Figure 4.17 shows the t)ualita\i,'e dcscripli,," "I'

landslide hazard in the region. For simplicity, areas were designated as having "high"

and "low" landslide potential. The following heuristic rules arc uscd to qU'lIllil', thL'

seismic hazards due to liquefaction and landslide:

MMluQ / MMILAN

MMluQ / MM1LAN

MMluQ / MMILAN

= MM1GS +2 (For region designated as "high")

= MMIGS +I (For region dcsignated as "moderate <OJ and "lhcrwisc

=0

The rules for combining the vanous hazards are based on expert "plnl"n lallc-r

Stephanie and Kiremidjian, 1994) about the relative accuracy "I' Ihe h;II'lrd

information and the behavior of the local geology. For this study. il is assulllcd Ih'll

the ground-shaking hazard is the most accuratc followed by liquefaction and

landslidc.

For this study, thc possible combinations and their assullled weights arc SIHl\\n in

Table 4.5. The final combined hazard (MM1Fl is computed as a \\'eighled SUIll "I' thc

various hazards. The weights in each rule must sum to 1,0. The additi,'e f(letor iu rule,

in Table 4.5 is to account for the increase in hazard due \0 two or Illore h'l/ar,h

occurring. Table 4.6 summarizes the results of the calculations for combined h;lIard

analysis which are presented by Figure 4.21 (a) to Figure 4.21 (i). Figurc 4.22 shows

the regional distribution of combined bazards for extreme condition dc"cl"p,'d I"

overlaying the maps in Figure 4.21 (a) to Figure 4.21 (i).

Following the similar procedure calculations werc performcd for combincd hal.ard

analysis considering the approach based on averagc horizontal spcctral amplilication

(Al-ISA). The results are shown in Table 4.7. Thc regional distribution "I' cOlllbincd

hazards for this condition is presented in Figure 4.23.

Figure 4.24 and 4.25 show the regional distribution of the tinal combined seismic

hazard (MM1,,) for extreme condition and considering AilSA.
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Table: 4.5: Quantification rules for seismic hazard (Stephanic and Kircmidjian. 1')')4)

nhinl'dWeighting Schcmc for Final COl

Rule Possible hazards
Ilazard (i\Ii\lI,)

--
(a) Ground shaking MMlr-MM1'is
0--- - ------ -

(b) Ground shaking + Liquefaction MMlr= .55 MMI"s + A51\11\'II, 1' .• '
---"'

(c) Ground shaking+ Landslide MMlr-. 65 MI'vII'is + .35MMII.,\~

I. MMlr= Final Combined l-!azard

2. MMIGs= Ground Shaking l-!azard

3. MMIuQ=Liquefaetion Hazard

4. MMlLAN=Landslide l-Iazard

5. MMlr must be less than or equal 12

4.6. Summary

This chapter deals with the seismic hazard assessment and analysis of lk ground

susceptibility to that. Probabilistic seismic hazard asscssment methodology has been

used for this purpose. Using historical seismicity records and attcnuation lall"s or PL'a,

Ground Acceleration (POA), the bedrock PGA was estimated as 0.1 Xg IiII' magnilulk

7.5 earthquake with 200 years return period. The amplification 1;lelors and

corresponding fundamental frequencies for the area wcre estimated. The surl;lee 1'(;1\

was calculated as 0.41 g and 0.31 g adopting on First Pcak Amplification and 1\ \"er"I!L'

Horizontal Spectral Amplification. respectively. The liquci;lction potelllial ot' thL'

boreholes points have been assessed by inducing these I'GAs. Landslidc potential hilS

been assessed using slope stability program. The results obtained from thesc threL'

analyses, respective microzonation maps havc been dcvelopcd in GIS cIll"inll\mcnt.

At the end, different possible hazards have been intcgrated to il1\"cstig"te the

combined effects of more than one hazard. The combined intensity distribution Ii" lhe-

area has also been presented in zonation map. The results of the combined 11<I/ard

analysis considering two conditions, extreme and AIlSA. have been summari/ed In

Table 4.8.
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Table 4.6: Combination of possible hazards for Cox's Bazar Municipal Area considering extreme condition due to a scenario event equi\'alent

to M= 7.5 Earthquake

Intensity Area Area Figure!
Possible Ground Shaking Hazards

,

(MMIF) (sq km) (%) No.

2.0 times Amplification VIII 3.20 47.26 4.19(a)

2.5 times Amplification IX 2.87 42.36 4.19(b)

3.0 times Amplification IX 0.70 10.38 4.19(c)

Possible Intensity Area Area Figure
Combination of Possible Hazards

Hazards (MMlr) (sq km) (%) No.

2.0 times Amplification + High Liquefaction X 2.95 43.62 4.21 (a)

2.5 times Amplification + High Liquefaction X 2.40 35.50 4.21(b)

Ground Shaking 3.0 times Amplification + High Liquefaction X 0.54 7.96 4.21(c)

+ Liqucl'lction 2.0 times Amplification + Lo\\' Liquefaction VIII 0.13 1.95 [4.21(d)

i 2.5 times Amplification + Lo\\' Liquefaction IX 0.06 0.93 i 4.21(t')
I .' I: 3.0 times Amplification .j. Lo\\' Liquefaction I IX 0.19 2.75 I 4.2l(t!, I,,._.--

I O.I~'Cirl1lll1dShaking 2.0 times ,\mplilicalion - Iligh l.andslide X ' 4.21(g)
------- .- - ---- , ~

. I.anlblilk 2.5 timcs .'\mplilicali"n . Iligh l.andslidc X ___ 0.42 ~' .. 4.21(11)1
,- ~-- - ~- - .__ .. _.- - .. _._-
25 liilll..'S :\!11rliti(~1::\\1l .- l.P\\ l.andslidL' 1.\ (1)2 I 1I.2~ 4.2i(i, 1

_ •. - - - - - _. - . --~- .. - ______ -1._ _. ~--- !



Table 4.7: Combination of possible hazards for Cox's Bazar Municipal Area considering AHSA due to a scenario event equivalent to M; 7.5

Earthquake

Possible Ground Shaking Hazards

1.7 times Amplification

2.0 times Amplification

Intensity

(MMI~)

VIII

VIII

Area

(sq kIn)

6.01

0.76

Area

(%)

88.81

11.19

1.7 times Amplification + High Liquefaction

2.0 times Amplification + High Liquefaction

Ground Shaking I 1.7 times Amplification + Moderate Liquefaction

7.78

11.24

Area

0.83

9.41

(%)

51.79

6.30

18.81

i 3.63

~
I
1

0.53

0.02

0.25

0.06

0.64

0.43

1.27

3.51

Area

(sq km)

VIII

V III

IX

\'111

Intensity

(MMIF)

X

X

IX

IX

Combination of Possible Hazards
Possible

Hazards

+ Liquel'lction 2.0 times Amplification + Moderate Liquefaction

1.7 times Amplification + Lo\\" Liquefaction
I 1-1---------------I I 2.0 times Amplification + Lo\\" Liquefaction

i Ground Shakil~ 1.7 times :\mplification + High l.andslide

- Lancbli,k 11.7 times .-\Illplilication + l.,,,,' l.andslide
____ - I . _

: I ~



Table 4.8: Comparison of the results obtained as Final Combined Intensity and affected areas for different hazard combinations considering

Extreme Condition and AHSA

Based on First Peak Amplification
Based on Average Horizontal Spectral Amplification

Combined , (Extreme Condition)
(AHSA)

Intensity (Refined Condition)
(MMIF) Possible Ground Shaking Hazards

Area Possible Ground Shaking Hazards
Area

(%) (%)

IX 2.5 times Amplification 42.36 - -
3.0 times Amplification 10.38

VIII 2.0 times Amplification 47.26
1.7 times Amplification 88.81
2.0 times Amplification 11.l9

MM!F Combination of Possible Hazards
Area Combination of Possible Hazards

Area
(%) (%)

2.0 times Amplification + High Liquefaction 43.62
2.5 times Amplification + High Liquefaction 35.50 1.7 times Amplification + High Liquefaction 51.79

X 3.0 times Amplification + High Liquefaction 7.96 2.0 times Amplification + High Liquefaction 6.30
2.0 times Amplification + High Landslide 1.65
7.5 times Amplification + High Landslide 6.25
2.5 times Amplification + Lo\\' Liquefaction 0.93 1.7 times Amplification + Moderate Liquefaction i 18.81

IX 3.0 times Amplification + Low Liquefaction 2.75 2.0 times Amplification + Moderate Liquefaction 0.83
2.5 times Amplification + Low Landslide 0.23 1.7 times Amplification + High Landslid.: 7.78

1.7 times Amplification + l.ow Liquefaction : 9.41

VIU 2.0 tim.:, Amplification + Lo\\' Liquefaction 1.95 2.0 tim.:s Amplilication + l.o\\' Liquefaction :;.63
I

I : 1.7 times Amplification + l.o\\' Landslid.: 0.24 I
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Site Amplification Liquefaction Potential

Heuristic Combination Rules

Combined Seismic Microzonation Map

Landslide Potential

Figure 4.18: Flow chart for Combined Seismic Hazard Map
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Figure 4.19(a): Map showing only 2.0 times amplification for extreme condition
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Figure 4.l9(b): Map showing only 2.5 times amplification for extreme condition
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Figure 4.l9(c): Map showing only 3.0 times amplification for extreme condition
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_ 3 times Amplification

_ 205 times Amplification

Figure 4.20: Map showing the possible Ground Shaking Hazards for extreme

conditions over the area
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Figure 4.21(a): Map showing only 2.0 times Amplification with High Liquefaction for
extreme condition
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Figure 4.21(b): Map showing only 2.5 times Amplification with High Liquefaction
for extreme condition

21.46 N

mrm 3 times Amplification
+Higb Liquefaction

o

21.45 N

21.44N

21.43N

.,"E 9U8E 91,97E 91.9lSE 91.99 E

21.42N
ll2Ol1E

Figure 4.21(c): Map showing only 3.0 times Amplification with High Liquefaction for
extreme condition
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Figure 4.21(d): Map showing only 2.0 times Amplification with Low Liquefaction for
extreme condition
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Figure 4.21(e): Map showing only 2.5 times Amplification with Low Liquefaction for
extreme condition
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Figure 4.21 (t): Map showing only 3.0 times Amplification with Low Liquefaction for
extreme condition
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Figure 4.21(g): Map showing only 2.0 times Amplification with High Landslide for
extreme condition
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Figure 4.21(h): Map showing only 2.5 times Amplification with High Landslide for
extreme condition
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Figure 4.21(i): Map showing only 2.5 times Amplification with Low Landslide for
extreme condition
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Figure 4.22: Map showing the possible hazard combinations for extreme condition
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Figure 4.23: Map showing the possible hazard combinations considering AHSA
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Figure 4.25: Map showing the regional distribution of combined seismic hazard

(MMIF) in Cox's Bazar Municipal Area considering AHSA



CHAPTER S

CONCLUSIONS AND FUTURE STUD"

5.1 Conclusions

In this study, GIS has been used to develop seismic microzonation maps for thc study

area where primary hazards due to ground shaking and local site effects such as soil

amplification, liquefaction and landslide have been considered. Prior to that. difll:rent

field and laboratory tests of the soil samples collected at differcnt depths from 26 sites

and laboratory tests of soils collected from I I hills of the study area have been

performed for geotechnical characterization. Furthermore, this study introduces a

methodology to combine the different hazards based on a weighted average approach.

In the GIS environment, maps representing regional geologic' and geographic

information have been overlaid and their attributes were combined to producc

intermediate maps of regional seismic hazards. This is for the first time

comprehensive earthquake hazard estimation for Cox's Bazar Municipality has been

carried out.

Due to an earthquake of Magnitude 7.5 with 200 years of rcturn pcriod around 250

km radius of Cox's bazaar Municipal Area, the rock level PGA is estimated as 0.1Xg.

The results of the analyses for ground susceptibility can be interpreted (i,r IwO

different conditions.

Considering the extreme or most severe condition the rock level PGA can be amplil\

2.3 times on an average in the alluvium and will gain a PGA of 0.41 g in the surl:,cc.

From the developed microzonation maps, it can be observcd that the Soulheastern end

of ward no. 5 will experience the highest frequencies. Ward no. 4 consisting of Easl

Tekpara, Rumaliarehhara and Tarabaniachhara might bc affccted by 3 times sitc

amplification. Liquefaction analysis for the study area reflects that it is susccptible to

very high liquefaction potential. From the borchole invcstigations and grain size

distributions, it was observed that the soil up to 20 meter depth is mostly sandy having

Dso ranging from 0.12 mm to 0.22 mm. It was observed that the sandy sills wilh lI"lee

clay, layer of silt and sand, silty sand having greater particle diamctcrs and low to

medium srT N-values showed higher liquefaction potentials. According to thc study.

the landslide potential of this area is very high. Approximately 8.13% area undcr the
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municipality is hilly. The hills located in Ghonerpara, Boiddorghona, l'ahartoli and

Boillarpara are found to be very unstable. The combined hazard analysis shows that if

the area experiences both ground shaking and liquefaction during a scenario

earthquake having a magnitude of 7.5, the arca can be severcly affected and the

intensity due to the combined effect of the hazards can be as high as X in MMI scale.

The town will be highly endangered (44% area is affectcd) if high liqucl~letion

associates with amplification factor as low as 2 times. On the other hand if 2.5 to 3

times site amplification occurs, still there is a high risk (MMI = IX) even in easc of

low liquefaction occurrence. The hilly region is highly susceptible to slope instability,

moreover, 77% of the hilly region is on the risk of experiencing very high intcnsity

(MMI = X), if2.5 times amplification of ground shaking occurs.

Considering the average horizontal spectral acceleration (Al-ISA), the rcsults arc

obtained for a moderate hazard condition. Thc average frequency expected to bc

experienced by the area is calculated as 1.7 and thus the surface PGA is obtained as

0.3Ig. Approximately 89% of the area can be affected if 1.7 times amplification of the

ground shaking occurs and I 1% area might be affected by 2.0 times amplification. If

high liquefaction associates with round shaking amplified by of thesc two

amplification factors the area can be affected by a combined hazard intensity of X.

Similarly moderate liquefaction associates with these ground shaking hazards can

cause combined hazard of intensity IX. More than 50% area can be afleetcd if high

liquefaction combines with only 1.7 times amplification of ground shaking. The entire

hilly region is liable to only 1.7 times amplification. Approximately 96% of the hilly

region (8% of the' total area) might experience a combined intensity of IX if high

landslide associates with only 1.7 times amplification of ground shaking.

The developed maps can act as a guide for the authorities at the national amI regional

levels in land use management, revision and enforcement of appropriate building

codes and fom1Ulation of plans for mitigating measures against earthquake risk

affecting the region considered.
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5.2 Scope for Future Study

The study is covered with extremely wide-ranging subject; consequently several Iidd

of future study can be recognized for instance:

1. For Bangladesh, no PGA attenuation law has bccn devclopcd, duc to shortagc of

strong motion data. PGA attenuation relationships predicting strong ground

motions in terms of magnitudes, distance, site geology, and othcr factors, using

various models and data sets should be developed for the country .

. iLStudy of regi(jmtl't'e~t~i\icsjviih. 'piiitictilar:cmphasis to locale 'aCtivc faulls mid

fault plane solutions is strongly recommended. This can lead to morc accuratc

estimation of hazardous conditions.

iii. In this study, SPT-N values were convertcd into shear-wave vclocitics uSlI1g

empirical correlation. Shear-wave velocities arc nccdcd to bc directly cstimatcd

for different soils using cross-hole, down-holc or blasting tcchniques. Thcn

correlation should be developed for the SPT-N values of local soils with shear-

wave velocities.

iv. Grain Size Analysis specially, the mean particlc diamctcr, D50 and fine contcnts

are important data for every I meter depth for propcr liqucfaction analysis.

v. Based on soil (natural) frequency, some zones can be suggestcd for building

height restrictions using thumb rules.

v!. Based on liquefaction potential index zones can be suggcsted where ground

improvement is necessary.

VII. Vulnerability of landslide depends on location, land use, land cover, rainfall as

well as weather, geological structure and type of human activities. These lilctors

should be taken into consideration during landslide potential analysis.

Vlll. A very simplified process for integration of various sites attributes has been uscd

in this study. Improvements are needed in the modcls togethcr with thc

quantification of the hazards and heuristic weighted average approach. The

analysis and modeling capabilities of the GIS provide an ideal cnvironment to

conduct sensitivity studies that will help to refine different hazard combination

schemes.

IX. Further study can be taken by performing analysis of site amplification and

calculation of transfer functions considering real earthquake strong ground motion

data as input in SHAKE.

l2R



REFERENCES

Alam M.K., Hasan A.K.M. and Khan M.R., (1990). Geological Map of Bangladesh.

Geological Survey of Bangladesh, Gov!. of the Peoplc's Republic of

Bangladesh

Alam M.S., Huq N.E. and Rashid M.S. (1999). Morphology and Sediments of the

Cox's Bazar Coastal Plain, South-East Bangladesh. Journal of Coastal

Research, 15(4),902-908. Royal Palm Beach (Florida)

Ali, M.H. and J.R. Choudhury (1992). Tectonics and earthquake oeeUITenee 'n

Bangladesh. 36th Arumal Convention of IEB, Dhaka, January 1992.

Ambraseys, N. N. (l995),"The prediction of earthquake peak ground aceelcrntion in

Europe", International Journal of Earthquakc Engineering and Structural

Dynamics; Vol. 24,467-490.

Ambraseys N.N. (2000). Reappraisal of North-Indian earthquakes at the turn of the

20th Century, Current Science, Volume 79 (9-10), Ipp.237-1250.

Ansary, M.A., Hussaini, T.M.AI, Sharfuddin, M. and Choudhury, .I.R. (1 'i'i'i).

"Report on Moheskhali earthquake of July 22, 1999", Earthquake Engineering

Series, Research report No. BUET/CE/EQE-99-0l, Department of Civil

Engineering, BUET, Dhaka, August, 1999.

Ansary, M.A. (2009). Earthquake Database of Bangladesh. Unpublished Report.

Department of Civil Engineering, BUET, Dhaka, Bangladesh

Banglapedia (2004). Banglapedia: National Encyclopedia for Bangladesh, CD-ROM.

February 2004, Asiatic Society of Bangladcsh.

Banglapedia, 2006. National Encyclopedia of Bangladesh. Article: BANGI.AI'EDIA:

Landslide. banglapedia.search.com.bd/HT/L_0057.htm (accessed on June 15.

2009)

BBS (2001). Population Census 200 I: Preliminary report, August, 200 I. Statistics

Division, Ministry of Planning, GOB.

Bilham, R., V.K. Gaur and P. Molnar (2001). Himalayan Seismic Hazan.!. SCIENCE.

Volume 293.
BNBC (1993). Bangladesh National Building Code, ]-IBRI-13STI.



Bolt, B.A. (1987). Site-specific study of seismic intensity and grnuIH.l motioll

parameters for proposed Jamuna river bridge, Bangladesh, Report on Jall1Ulla

bridge study.

Boore D., W. Joyner and T. E. Fumal (1997). Equation for estimating horizontal

response spectra and peak acceleration from Western North American

Earthquakes: A summary of recent work, Scism. Res. Lett. Volume.oS. NO.1.

pp.128-153.

Brammer, H.1996. The Geography of Soil of Bangladesh, Dhaka: UI'L

Campbell, K.W. (1997). Empirical near-source attenuation relationships for horizontal

and vertical components of Peak Ground Acceleration, Peak Ground Velocity.

and Pseudo-Absolute Acceleration Response Spectra, Scism. Res.

Lett.Volume 68, pp.154-179.

CDMP-UNDP, 2009. Ongoing Research Work, CDMP-UNDP Fault Map Delineation

for Bangladesh, 2009.

Choudhury, J. R. (1994). Seismicity in Bangladesh, Seismic Risk Management for

Countries of Asia-Pacific Region, Proc. of the WSSI workshop. K. Mcgurn

and T. Katayama (Eds.)

Connolly H. (1997) World Wide Web Pages for Slope Design, MEng linal year

project report, School of Engineering: University of Durham. pp 43.

http://wWw.dur.ae.uk/-desOwww4/cal/slopes/pagc5.htm (accessed on June 15.

2009)

Cornell, C.A. (1968), "Engineering seismic risk analysis", Bulletin of Seismological

Society of America Vol. 58, 1583-1606.

Dhar, A.S., Ansary, M.A., Imtiaz, A.B.A.,and Saha, R., (200S). Earthquake

Vulnerability Assessment of Cox's Bazar District", prepared for United

Nations Office for Project Services (UNOI'S) through Comprehensive

Disaster Management Programme (CDMP) under the Ministry of Food and

Disaster Management, Government of the People's Republic of Bangladesh.

Department of Civil Engineering, Bangladesh University of Engineering and

Technology (BUET)

Duggal, R. (1989). Estimation of seismic risk and damage, and their utilization as

design criteria, M. Engg. Thesis, University of Tokyo, Japan

Esteva, L. (1968), "Bases para la formulacion de deeisiones de diseno sismieo".

Instituto de Inginiera, No. 182, Universidad Nacional Autonoma de Mexico.

http://wWw.dur.ae.uk/-desOwww4/cal/slopes/pagc5.htm


Frost, J., J. Chameau, and R. Luna (1992). " Geographic Information System ill

Earthquake Hazard Analyses." Proceedings of the ASCE Specialty

Conference on Computing in Civil Engineering. Dallas, Texas.June. 1992.

Pages 452-459

Geological Survey of Bangladesh (GSB) (1991). Geological map of Bangladesh.

Grunthal G, editor. (1998). European Macro seismic Scale, Luxembourg: Cahicrs due

Center European de Geodynamics et de Seismology, Volume 15.

Gutenburg, B., Richter, C. F.' (1954), "Seismicity of the earth and associated

phenomena", 2nd Edition, Princeton, Princeton University press.

Hansen, A. and C.A.M. Franks (1991). "Characteristics and Mapping of Earthquake

Triggered Landslides for Seismic Zonation." Proceedings of the Fourth

International Conference on Seismic Zonation. Stand ford, California. August

25-29,1991. Volume I, pages 149-195

Hardin, B. O. and Drnevich, V. P. 1970. Shear Modulus and Damping in Soils: I.

Measurement and Parameter Effects, II. Design Equations and Curves.

Technical Reports UKY 27-70-CE 2 and 3, College of Engineering.

University of Kentucky, Lexington, Kentucky

Housner, G. W. and Jennings, P. C. 1964. Generation of Artificial Earthquakes,

Journal of Engineering Mechanics Divisions, ASCE, No. 90. February. pp.

113-150.

Huq N.E and Ahmed N.K. (1997). Geomorphology of the Lower Matal11uhuri Basin.

Cox's Bazar, Southeast Bangladesh. Bangladesh Journal of Geology Vol 16

p31-42

Idriss, 1. M. and Seed, H. B. 1968. Seismic Response of Horizontal Soil Layers.

Journal of the Soil Mechanics and Foundations Division, ASCE. Vol. 94. No,

SM4, July, pp. 1003-1031.

International Herald Tribune, 2006.

http://www.iht.eomJarticles/ap/2006/09/23/asialAS_GEN _Bangladesh_ Landsl

ide.php (accessed on January 04, 2009)

International Landslide Centre, 2006. The International Landslide Centre landslide

fatality database. http://www.landslidecentre.org/database.htm (accessed on

January 04, 2009)

lRIN, 2008. BANGLADESH: 70,000 people vulnerable to landslides.

www.iri~news.org/report.aspx?ReportID=79406 (accessed on January 04. 2009)

http://www.landslidecentre.org/database.htm


. ,: :

. ; Islam, Md. S. (2005). "Slope Stability and Settlement Analysis or Dhaka ('Iond

Protection Embankment", M. Engg. Thesis, Department or Civil Enginccring.

Bangladesh University of Engineering and Technology. Dhaka. Bangladcsh.

Islam, Md. R. (2005). "Seismic Loss Estimation of Sylhet City". tvl.Sc. Engg. Thcsis.

Department of Civil Engineering, Bangladesh University or Enginccring and

Technology, Dhaka, Bangladesh.

Iwasaki, T., Tokida, K., Tatsuoka, F. Watanabe, S., Yasuda. S. and Sato. II. 19X2.

Microzonation for soil liquefaction Potential using Simplificd Mcthods. 3rd

International Microzonation Conference, Proceedings, 1319-1329.

Iwasaki, T. (1985). Soil liquefaction Students in Japan: State or thc Art. Soil

Dynamics and Earthquake Engineering, 5( 1), 2-68

Japanese Road Association 1991. Specifications for Highway Bridgcs. Part V.

Earthquake Resistant Design.

Joyner, W.B., and D. W. Boore (1981), Peak horizontal acceleration and velocity

from s,rong motion recored including records from the 1979, Impcrial Vallcy.

California, earthquake, Bull. Seism. Soc. Am., 71,2011-2038.

Joyner, W.B. and D. W. Boore (1988). Measurement, characterization and prcdiclion

of strong ground motion, Proc. ASCE conI'. earthquake cng. soil dyn.. Park

City, Utah, 43-102.

Kanai, K. 1951. Relation between the Nature of Surfacc Layer and the Amplitudc or

Earthquake Motions, Bulletin Tokyo Earthquake Research Institute

Katayama, T.: Statistical analysis of peak acclerations or recorded earthquake ground

motions. Seisan-Kenkyu 26(1), 18-20, 1974.

Kawasumi, H. (1951), "Measure of earthquake dangcr and expectancy or maximum

intensity throughout Japan as inferred from seismic activity in historical

times", Bulletin of earthquake Research Institutc, University or Tokyo. Vol.

29,469-482.

Kramer, S.L. (1996) Geotechnical Earthquake Enginccring. Prcntice Iiali. 653 PI'

Krinitzky E.L., 1995. Deterministic versus probabilistic seismic hazard analysis Illr

critical structures. Eng. Geo!., 40., 1-7

Lambe, W.T., and R.V. Whitman, 1969. Soil Mechanics, John Wiley and Sons. New

York, 553 pp.

Lomnitz, C. and B. Epstein (1966), "A model for occurrences of large earthquakes".

Nature 211, 954-956.



McGuire, R. (1978). Seismic ground motion parameters relalions. .Journal of

Geotechnical Division, ASCE, Volume 104, ppA61 - 490.

Molas, G. 1. a,1d F. Yamazaki (1994), "Sesimic macrozonation of the I'hillipines

based on sesimic hazard analysis", Journal of Structural Mechanics and

Earthquake Engineering, JSCE, 489 (1-27), 59-69.

Molnar, P. and P. Tapponier. (1975). Cenozoic tectonics of Asia. elTeels of a

continental collision, Science, Volume 189(8), ppAI9-426.

Murthy, V. N. S., (1991). Soil Mechanics and Foundation Engineering. Volume 2.

Revised and enlarged third edition, SAITECH, Bcngalore, India

National Atlas, 2008. Articles: Landslide Types and Processes.

http://nationalatlas.gov/articles/geology/aJandslidc.html( accessed on .June

15,2009)

Natural Hazards, 2007.
http://www.bcas.netlEnv .FeatureslNaturall-lazards/2007 /June2007 /16%2010%

2031.htm (accessed on January 04, 2009)

Parent, P. and R. Church (1987),"Evolution of Gcographic Information Systellls as

Decision Making Tools." Proceedings of the GIS '87 Confcrence. San

Francisco, CA. October 1987.

Rahman, O. (2008). When the Earth Shakes. available at:

URL: http://www.thedailystar.net/magazine/2 008/ I0/04/ environlllenl.htill

(accessed on March 22, 2009)

Rastogi B. K. , Jaiswal R. K. (2006), "A Catalog Of Tsunamis In The Indian

Ocean", Science of Tsunami Hazards, Vol. 25, No.3, page 128 (2006).

National Geophysical Research Institute, Hydcrabad, India

Sabri, S. A., (2001), Earthquake intensity-attenuation relationship I'or Bangladcsh and

its surrounding region. M.Engg. Thesis, BUET, Dhaka,Bangladesh

Sadigh, K., J .A. Egan, and R.R. Youngs, 1986, " Specification of Ground Motion lor

Seismic Design of Long Period Structurcs", Earthquakc Notes. (57) I: 13.

January -

Sarker, Md. M. H., Ferdousi, S. (2004), "Assessment for role of GIS Based Natural

Disaster Database in Environmental Management and Planning activity in

Bangladesh" Environmental Informatics Archives, Volume 2 (2004).855-863.

EIA04-085, ISEIS Publication #002, I{) 2004 ISEIS - International Sucicly fllr

http://nationalatlas.gov/articles/geology/aJandslidc.html
http://www.bcas.netlEnv
http://www.thedailystar.net/magazine/2


Environmental Information Sciences. available at:

http://www.iseis.org/eia/pdfstart.asp?no=04085 (accessed on March 22. 200'!)

Schnabel, P.B., J. Lysmer and I-LB. Seed (1972). SHAKE: a computer program for

earthquake response analysis of horizontally layered sites, Report no. EERC

72-12, Earthquake Engineering Research Center, Univ. California, Ikrkeley.

USA.
Seribd, 2008._ Article: Status of earthquakes, Eartbquake In Bangladesh

http://www.seribd.eomJdoc/6956053/Earthquake (aeccsscd on February Ii,

2009)

Seed, H.B., Idriss, LM. and Kiefer, F.W. (1969), Characteristics of Rock Motions

During Earthquakes, Journal of the Soil Mechanics and Foundations Division.

ASCE, Vol 96, No SM5, pp 1199-1218

Seed, H. B. and Idriss, L M. (1970). Soil Moduli and Damping Factors for Dynamic

Response Analysis, Report No. EERC 70-10, University of Calit()rnia.

Berkeley, December.

Seed, H.b. and Idriss, I.M. (1971). Simplified Proccdurc for Evaluating Soil

Liquefaction Potential. Journal of the SoilMcchanics and foundations

Division, ASCE, 97(SM9), 1249-1273.

Seed, H. B., and Idriss, L M., (1982). "Ground Motions And Soil Liqucl(lction During

Earthquakes", Earthquake Engineering Rescarch Institute. Oakland.

California, Monograph Series, p. 13.

Seed, H. B., I. M. Idriss and L Arango (1983). Evaluation of liquct(lction potcntial

using field performance data, Journal of Gcotechnical Enginccring. Vulumc

109, No.3, pp. 458-482.

Sevaldson, R.A. (1956). Thc Slide in Lodalen, Octobcr 6th, 1954. Gcoteehnique. 6:

167-182.

Shah, H.C. and V. N. Vagliente (1972), "Forecasting thc risk inhcrcnt in carthquake

resistant design", Proceedings of International Confcrencc on MkrozonJtion.

Vol. 2.

Sharfuddin, M. (2001). Earthquakc Hazard Analysis for Bangladesh. M.Sc. Engg.

Thesis, Bangladesh University of Engineering and Technology (BUEl).

Dhaka.

http://www.iseis.org/eia/pdfstart.asp?no=04085
http://www.seribd.eomJdoc/6956053/Earthquake


South Asian Media Net, 2009.

http://www.southasianmedia.net!cnn.cfl11 ?id=598644&catc gory= Environnlc nt

&Country=BANGLADESH (accessed on August 0 I, 2009)

Shima, E., (1978). Seismic microzoning map of Tokyo. Proceedings of the Second

International Confercnce on Seismic Zonation, I, 519-530.

Stephanie, A. King, and Anne S. Kiremidjian, (1994). Rcgional Scismic Ihl/.art! and

Risk Analysis through Geographic Information System.

Tamura, I. And F. Yamazaki (2002. Estimation of S-wave velocity based on

geological survey data for K-NET and Yokohama seismomcter network.

Journal of Structural Mechanics and Earthquake Engineering No. 696. Vol. 1-

58,237-248 (in Japanese).
Tatsuoka F., Yashuda S., Iwasaki T. and Tokida K. (1980), " Standardpcnclralion test

and soil liquefaction potential", Soils and Foundations, 20(4), 95 - 112.

TC4 (1993). Manual for zonation on seismic geotechnical hazards. Publishcd by

ISSMFE.
The Tsunami Page, 2005. The tsunami Page of 01'. Gcorgc P.e.

http://www.drgeorgepe.eomlTsunami2004Indonesia.html(accessed on July

26,2007)

Tomatsu, Y. and T. Katayama (1988), "An online graphic computer prot:ram

[ERISA-G] and its application to seismIC macrozonation of Japan".

Proceeding of 9th World Conference on Earthquake Enginecring. Tokyo-

Kyoto, Japan Vol. 2, 181-186.

Trifunac, M. D. and A. G. Brady (1975). A study of the duration of strong earthquake

ground motions, Bulletin of Seismological Society of America, Volume 65.

PI'. b581-626.
Whitney, J. (2004)," GSB-USGS Workshop, November 13-16, Dhaka.

Wieczorek et aI., 1985. Wieczorek, G.F., Wilson, R.C., Harp, E.L., J 985. Map

showing slope stability during earthquakcs of San Mateo County, California:

US Geological Survey Miscellaneous Geologic Invcstigations Map 1-1257E.

scale 1:62500.

http://www.southasianmedia.net!cnn.cfl11
http://www.drgeorgepe.eomlTsunami2004Indonesia.htmlaccessed


APPENDIX-A

Earthquake Chronology of Bangladesh



1548 The first recorded earthquake was a terrible one. Sylhet and Chittagong~ \ler~ I
violently shaken, the earth opened in many places and threw up water and Illud of I
a sulphurous smell. I

1642 More severe damage occurred in Sylhet district. Buildings were cracked hut there
was no loss of life.

1663 Severe earthquake in Assam, which continued for half an hour and Sylhet district
was not free from its shock. I

1762 The great earthquake of April 2, which raised the coast of Foul island by 2.7.lm
and the northwest coast of Chedua island by 6.71 m above sea level and also
caused a pennanent submergence of 155.40 sq km near Chillagong. The
earthquake proved very violent shake in Dhaka and along the eastern hank of the
Meghna as far as Chittagong. In Dhaka 500 persons lost their lives, the rivers and I
jhccls were agitated and rose high above their usual levels and when they receded
their banks were strewn with dead fish. A large river dried up, a tract of land sank I
and 200 people with all their cattle were lost. Two volcanoes were said to ha\'e I
opened in the Sitakunda hills.

1775 Severe earthquake in Dhaka around April 10, but no loss of Iife. I
1812 Severe earthquake in many places of Bangladesh around May I I. The earthquakc'

proved violent in Sylhet ---- ----~
1865 Terrible shock was felt, during the second earthquake occurred in the \linter of

1865, although no serious damage occurred. - - -

1869 Known as CachaI' Earthquake. Severely felt in Sylhet but no loss of life. The
steeple of the church was shattered, the walls of the courthouse and the circuit
bungalow cracked and in the eastern part of the district the banks of many rivers
caved in. .~- ..I

1885 Known as the Bengal Earthquake. Occurred on 14 July with 7.0 magnitude and:
the epicentre was at Manikganj. This event was generally associated \lith the I
deep-seatedJamuna Fault. '

1889 Occurred on 10 January with 7.5 magnitude and the epicentre at Jaintia I iflTs.-Tt I
affected Sylhet town and surrounding areas. I

1897 Known as the Great India Earthquake with a magnitude of 8.7 and epicentre at I
Shillong Plateau. The great earthquake occurred on 12 June at 5.15 pill. caused
serious damage to masonry buildings in Sylhet town where the death toll rose to I

545. This was due to the collapse of the masonry buildings. The trelllor \\as l'clt
throughout Bengal, from the south Lushai Hills on the cast to Shahbad on the
west. In Mymensingh, many public buildings of the district 10\ln. including the:
Justice House, were wrecked and very few of the two-storied hriek-huilt houses I
belonging to zamindars survived. Heavy damage was done to the bridges on the I
Dhaka-Mymensingh railway and traffic was suspended for about a fortnight. The
river communication of the district was seriously affected (Brahmaputra). Loss of
life was not great, but loss of property was estimated at five million Rupees.
Rajshahi suffered severe shocks, especially on the eastern side, and 15 persuns I
died. In Dhaka damage to property was heavy. In Tippcra masonry buildings and
old temples suffered a lot and the total damage was estimated at Rs 'i,OIlIl. I
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EQ
DD- Year Latitude Longitude

Depth, h Magni Distance

MM (Km) tude, (10" )
M

- 1664 24.00 90.00 50.00 7.80 350.05

- 1858 18.72 95.27 50.00 7.66 .. iSJI.22 I
- 1912 21.75 96.38 50.00 7.90 ~56J! I

10.08 1923 22.60 93.40 50.00 5.91 .195.33 I
25.08 1927 22.00 90.00 50.00 5.56 214.04

02.01 1955 21.60 92.70 33.00 6.50 76.67

12.06 1956 22.62 93.95 50.00 6.43 242.03

12.07 1956 22.60 94.00 50.00 6.30 ._2_45.2.1.1

13.04 1959 22.00 93.30 50.00 5.90 150.07 I
01.01 1959 21.51 92.38 30.00 6.24 42.19

22.01 1964 22.40 93.60 50.00 5.44 198.52

06.05 1966 22.10 92.80 43.00 4.06 112.18

15.02 1967 20.33 93.99 50.00 4.91 242.83

25.01 1969 22.89 92.40 50.00 4.67 167.12

22.04 1969 23.15 92.62 50.00 4.04 201.44

- 1970 21.83 94.20 50.00 4.38 233.7X ,

02.01 1970 21.30 93.50 50.00 4.01 158..14 !
01.0 I 1971 21.44 93.88 50.00 4.74 1l)6ll.~1

. 1973 20.97 93.29 50.00 4.47 145.b(, I

02.01 1973 22.43 93.38 50.00 4.54 181.77

20.01 1974 .22.80 92.90 50.00 4.57 178.67

05.04 1974 21.60 94.00 50.00 4.60 209.94

05.04 1974 21.33 93.68 50.00 4.54 176.63 ..
23.07 1974 22.00 93.30 50.00 4.47 150.07

06.09 1975 20.20 93.50 50.00 4.54 209.93

12.05 1977 21.68 92.96 39.00 5.06 104.92

31.07 1977 20.21 93.94 50.00 4.47 245.63

28.03 1978 23.15 92.74 50.00 4.27 205.82

02.01 1978 23.47 92.85 50.00 4.00 243.06

01.01 1979 20.89 93.69 50.00 4.70 187.77-
08.02 1980 21.27 93.59 50.00 4.08 167()8

01.0 I 1980 22.74 93.92 50.00 5.10 246.95

02.01 1980 22.06 90.94 50.00 4.17 1277(,
._----

02.01 1980 21.08 93.59 50.00 4.60 171.77

03.08 1981 20.70 93.40 50.00 4.08 168.94

01.0 1 1981 22.70 93.23 50.00 4.30 190.53



----. - I
00- Year Latitude Longitude

Depth, h EQ Dislann'

MM (Km) Mal!uilude. M (kill) _.

12.03 1994 22.6\ 93.55 50.00 4.27 207,X()

20.03 1994 23.27 93.33 50.00 4.69 24(d,1.--- .- ,
21.04 1994 23.36 92.92 50.00 4.80 234.()() I
21.04 1994 22.08 93.22 50.00 4.59 146.66

\9.05 1994 22.51 92.88 50.00 4.27 151'~~j
29,05 \994 20.53 94.15 50.00 4.08 247.25

29.05 1994 20.54 94.\8 50.00 6.10 2~l):()4 I
16.06 1994 21.60 93.33 50.00 4J8 1,IO,9~

03.08 1994 21.64 94.12 50.00 6,17 222,70 .

07.08 \994 21.99 92.86 16.00 5.01 1000:c';)1
17.09 1994 23.48 92.09 50.00 4.80 227.3X

23.09 \994 21.85 94.05 50,00 5,01 218,99
O' _

23.09 1994 21.62 93.68 50,00 5.22 177.17

- 1994 , 23.20 93.15 50.00 4.17 230.00

- 1994 22.75 90.51 50.00 5.33 210J(,

- \994 22.71 92.26 50,00 5,01 14,i2,i I
01.0 I 1994 22.84 92,51 50,00 4,17 1()Sln
01.0 \ 1994 23.1\ 92.32 50,00 4.38 !8'1,J?1
01.01 1994 21.60 93.44 50.00 5.54 152.:' 1

20.06 1995 22.9\ 93.47 50.00 4.48 224,.13

15.07 1995 22.5\ 93.64 50.00 4.06 208,69

15.07 1995 22.57 93.77 50,00 4.27 223.50- - - - ..
20.07 1995 23.08 92.26 50.00 4.00 184,83 !----- .- 1995 21.83 94.07 50.00 4.38 220.5') I
01.01 1997 21.23 93.08 50,00 4,20

.---. - I
116,.12

01.01 1997 22.22 92.68 50.00 5.70 ::-.~~~-! ~,OO !
02.07 1998 21.00 93.69 50.00 4.10 18.1.0') I-----_. ---
02.0\ \998 22.30 92.75 33.00 4.00 124,.18
08.02 1999 22.16 92.85 50.00 4.10 120.46
22.07 1999 21.62 91.90 10.00 4.40 2 I ,6')

03.01 2000 22.1\ 92.8\ 46.00 4.00 113.68 !
01.0 \ 2000 21.70 92.86 34.00 4.()()! 95.5') I

10.07 2001 22,60 93.30 50.00 4.46 187.71 I-_ ... ,
13.07 2001 20.90 93.10 33,00 4.27 1.10,88 I- .. _._.

181',X81- 2001 21.08 93.69 50,00 4,90.- .
- 227.'J:j I02.01 2001 22.00 94.10 50.00 5.03

02.0\ 2001 20.80 93.30 50.00
--- .. -. I

4.75 15.1.48 .
.-

05.05 2002 22.58 90.93 50.00 4.30 1(,(,,8')
-'-'

- 2002 21.18 93.50 50.00 4.40 160.28

26.07 2003 22.89 92.33 50.00 5.50 165.40

:;t"' .' ."'.-,
'-. '.'

,.., ,~'
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1968 At Kaptai-Chandraghona road where the protective vegetation is rcmovcd. th
soil gets exposed to the monsoon rains and eroded rapidly. This rcsultcd i
landslides, and the loose soil washed down the slopes and carried by rivers int
the kaptai lake. As a result, the reservoir silted up and the authoritics cllnJirmc
that in its 30 years existence it had lost about 25% of its volume due 10 siltation.

1970 Similar event along Ghagra-Rangamati road. -----

1990 Occurred on May 30, 1990. Affected the link road embankmcilt at .lhagar bel'
area of Rangamati district.

1997 A major landslide occurred in July 1997 at Charaipada of l3andarban. Thc wt"
area affected by it was about 90,000-sq m. If such a landslidc occulTcd i,
Bandarban Town and any other urban or semi-urban centrc. the dC""I"li",
would be tremendous.

1999 Two big landslides one in Bandarban and the other olle in Chittagong occurrcd 01

II and 13 August 1999 respectively claiming the life of 17 people. Oul of I
fatalities, 10 were in Chittagong and the rest in Bandarban district. Ilcavy alll
incessant rainfall at that time was one of the causes of sliding. This landslid
affected Lama thana and the Aziz Nagar union of 13andarban district. Aziz Nagai
is almost an inaccessible rugged hilly terrain. Landslide badly affcetcd th
villages of Chittaputti, Monargiri, Meounda, Muslimpara, Sonaisari. Ilazapara
Kalargiri, Maishkata, Aungratali, Chionipara, Kariungpara. The II Augus
landslide was followed again on 15 August at Chittaputti area. At least 50 housc.
were completely vanished, under the solid earth and 300 houses wcrc part I)
damaged. About 283.50 ha of cultivated land, 810 ha of household gardcn. "Il(
50 km unlnetalled road were crushed. Road communication betwecn Ilandarhal
headquarters and remote thanas became snapped. Especially, Aziznagar-Bazali,
road had been closed for traffic due to falling of huge mass of earth over thc ro;l(
at 25 places. Chittagong landslide location was at Gopaipur undcr Ch ittagoll .
Kotwali Thana. The slides crushed two thatched houses at the i()()t of thc hill
claimed the lives of the inmates of the houses who were asleep.

2000 At least 13 people were killed and 20 injured in landslide incidcnts on-the
Chittagong University campus and other parts of Chittagong City on Saturday.
the 24 June 2000. The incident was caused due to the deluge of mud alld watc
that swamped various part of the port city amid torrential raill. ._--
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SPT Data from Primary Sources

DHAKA SOIL BORING LOG

PROJECT : GROUNDU\o'l:L RL :.0.34 nI rr.. Ro.tllA'tl
,

LOCATION: DIABETIC HOSPITA •.••CYCLONE SH£LTER. .ROII"mW",TFA I r\'Ft !.l,UIII Ir_'t:r
<-OX'.!) uAl.All.
.' ~-';;~'.) BORE HOU: NO. 01 ., DATE :1~2009 TIME: 09:00 ••

~. ~ . , ~I,.,,,..~ "•••.•••HJtUI'UoUI.-".lll •••b 1••1•••~

~~% 'K"'"'' .' 1lf,!,Jir •••!'OCl

~U n t. ~l DUO.II"TIlJNOf , ~ ........TO .. ,:10'11 l.8u...u.o

a ~~ ~- M.o\lDIAU l~ ,,,,,,1:;"), • "1-'(1n1l"N1It~ 6' •• . . . . . .1" ••.

t~:.•.....: .
D,' 9 ~.' • 1 • " ' ,...:~!

ilif:I2Z
~,.

D.' i~1 J J 1 12 ",.. .....s.
~:

I2Z ~IJ.,J -, J l • '3 ~~...
E';i'

z;;:< ,'0=-; ~$i • 1 10 17•... ~..•; • 'Om

~ z;;:<
Grey mcdiwn dcose 10 8n~+ :!.., •., 15,5 dense silty FINE SAND

..~ 1 10 14 24 n••
:;: ~~;!E1:, trace mica. •~ ~ ~
I, ~ :;~::: 1 10 14 24 Om

•.1I2Z J.i 8 12 16 28 fO,l«!:.i~,. '.':"::

I2Z :~••• ' ' 8 1J 17 30 12fn
.'

'-~,.

1).9 2Z ~~~ • I. II 32 IH",.";:.

""'"
y•." 15.l
:;:.:: IOl,S20JS I~o~•..•

.. ,

.,

,
[)r,Wf1 b)' : 4! -, 0.«1.'" by ,.~l" SHEET , or I:! o\l1A,(H"'HS I • II



BORII'iG LOGDHAKA SOIL
PROJECT , GROL:~D U;\'lL R.I_: I o.U III (ro", Rn2d 1.0 tl

LOCATION : SIIAIOAI. HOTEL. NEAR WATER TANK.
COX'S HAZAR.

(;RCllMJW.\ltR I.f\"n ~.1." m rr ••m .-C;I

BORE nOlE NO. 03 DATE : l.J...O..>.l009 IT\I[ : O?:OO.m

.0 lIJ..O'Il.'!>U:- ~1"'OjUA.ll(.>t'lMU ..••.jl\ ••• '''1'' '"
5. .- ~ ~. ~nA .. IUSl'_q .••~.F

~ tJllll'UlI'- ". .c ~ P 81 l>t."oI.'RIl'llON Cf
~ -. 1'f"''tnv.T1'l!N .'''1,:; i= '"
"0

0 ~3 ::~ "'''''TFllW.s ~. - "''' _ •••."••.•~Il
C 05 .' .- ,. : Pl\ ••••• "• . .. .-" .~
, :..:.~

~:~.

1m ;s;E:",
0-, ....• , • 9 " "-.',..•.•.::

:"..•.: ,

Z'::' Y0-2 ..' . , 6 10 16 ,,~
;.::;:~.>~ "

I>-J Z'::' ';'.::: ~ 7 9 16 I ~m

;&.' .:
" ..::..'

z::.;: - " ..
D-4 ~:~~:~ 5 K I. IK ~ (lo ••

8 Grey mt:dium dcnu:: 10 1t ~~,
D_S 1m 15.5 dense silry FDJE SAND 5 9 " 20 :_~m

;;; . ::::::~ E

~ trace mica. E- :&: <>

i<Z := 6 12 23••• ,'..: II '1(1",

1>-7m 6~~7 12 Il 25 IU ~:n:.~~>.;;.f; \
z::.;: .' •...:~

D-8 :~:~8 D 17 3. D •••••

D-' 1m .2: '0 ,5 19 H 1 J ~"'.::';

0-'. '7.7. 15.5 1~~~
"

18 21 3" !' r,' •••

Orawn br= '- ~. Ch{"C\..cd~ : -<j;J,••" "'- SIlITT OF I' !.n .\C11',lL',-1 .11



DHAKA SOIL BORING LOG
I'ROJF.CT , GROliNU LFxr.l. Il.L.:.D.7~m fm•••R".,II. •••.i

LOCATlO,'l : M~lUDRA BIUSII. :\IIDDI.ESHAIKAT PARA.
Gl.OC":.D, K.'L.,rou ROAn, (:OX'S (l.\1..\1l.

r.ROl"'lin w ,1n~I '"HI : _,\,M ••• f,...m rca

BORE UOU: NO. 05 O.nE : 14-03.2009 Il\lt: 09:«hm

: ffi~
IIU,'~~UH '"'''lJ'''~IlI'IMU'''IJ>l'>b '''''':'I
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DHAKA SOIL 1l0Rll'iG LOG

PROJECT :
GROU:'IiD U:\'[L R.t_: .• 1.0 til from Rflill 1",,1

1.0CAT10~ : COX'S BAZAR NURSERI. SIRCtilT 1I0USE
Kt.)AU.l:OX'~ UI\l.AR.

(;ROI••••II \\ \TFRInn ~.:.u ••.r••.m 1';1

nORF. IIOLE. NO. 07 DAT[ : I~J-ltxl' TIM.: : O'I;oo:lom

• . .C t1ol.J.J"'l>t ••• \lA.. •••:;UoIlU t'I"" '."'.11'''' 'lUll ~
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.
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DHAKA SOIL BORING LOG

PROJECT :
GROl:!'oU I.lVU. R.l_:. 0,0 m from WOld hul

LOC-ATIOS : rn,nAG. RICE R.\1.AR ROAn.
COX'S BAZAR.

GKOl'U \\ ,\ I [I{ L.t' t.l:. J.Um rroll1 I (.I

BORf: HOLl~ ~o. 09 DAT[ : 17-43-2009 ll\lr: 01:002m
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DHAKA SOIL
PROJH."

BORING 1.0(;
GROl!~O (.r.n:!. R.I_: .0.61 III from Hun I t'\tl

LOCATIOl" : Rl1~l"LlAR CIIARA. HAJJ SIDDIQlJlA
AII~tEn ROAD. COX'S DA7..AR.

(;KOli;\I>" ..••1[I( lnu. : . l ..U m rron I.LI.
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SI'1' Data from Secondary Sources

DHAKA SOIL BORING LOG
PROJECT : CONST. OF I-STORIW StR~JCE APARTM£l\'T GROUND LEVEL R.t.. ;+1'0-0" rrom Raid lA,,!

LOCATION: PLOT NO. 76, BLOCK - A, KA LATAU
CO.:,:'S BAZAR LICHT HOUSE ROAD. CROUND WATER LEVEL: - 11.....().. Crom [(;L

BORE HOLE NO. 03 DATE : 12-06-1008 T1Mr.: O9:00.m
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APPENDlX-F

Standard Pcnctration Tcst Photographs





APPENDIX-G

Photographs of Landslide Sampling LOclltions



Gboo ara Hill



Bus Tenninal Hill

Sample Location



APPENDIX-H

Photographs of Hills and Landslide Potential Areas



Kolatoi Road
Bus Tenninal Bills





APPENDIX- I

Summary of Labor:ttory Test Results for Landslide Estimation



Summary of Results
--

Grain Size Distribution(combined)
Soil Plaslicit)

[ M.I.T Classification]
Sample Indc~

%Gravel %Sand %Sill %Clay
-

P.T.I High School 6 54 34.5 5.5 6.24

Ghonarpara 0.5 96.5 3 0 0

Light House Hill I 67 29 3 0

Kolatoli Bypass 1.5 74.5 21 3 0

Boiddor Ghona 0.4 97 2.6 0.3 0
I

Summary of Soil Parameters for slope stability Analysis
--_ .. -

Ysat C
Sample (Il. F.S.

(kN/m') (kN/m')
- -

Hill behind P.T.I High School 17.3 30 36 1.44

Ghonarpara Hill 17.0 0 36 0.31
--

Light house Hill 17.3 8 39 0.69

Kolatoli Bypass Hill 16.8 8 38 0.68
----

Boiddorghona Hill 16.0 0 36 0.30
J



APPENDIX-J

Plot of Tntnsfer Functions
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APPENDIX-K

Description of MMI Scale



The effect of an earthquake on the Earth's surfilce is called the intensity. The inlelhit\

scale consists of a series of certain key responses such as people awakening. 111()\eln,'lil

or furniture, damage to chimneys, and finally - total destruction. Although nUl11erous

intensity scales have been developed over the last several hundred years to evaluate the

efrects of earthquakes, the one currently used in the United States is the Modilied

Mercalli (MM) Intensity Scale. It was developed in 1931 by the American seismologists

I-larry Wood and Frank Neumann. This scale, composed or 12 increasing Icvels or

intensity that range from imperceptible shaking to catastrophic destruction. is designated

by Roman numerals. It does not have a mathematical basis; instead it is an arbitrary

ranking based on observed effects.

The Modified Mercalli Intensity value assigned to a specilic site aller an earthquake has a

more meaningful measure of severity to the nonscientist than the magnitude becausc'

intensity refers to the effects actually experienced at that place.

The lower numb~rs of the intensity scale generally deal with the manner in \\ hieh the

earthquake is felt by people. The higher numbers or the scalc arc based on obserl"Cd

structural damage. Structural engineers usually contribute information il,r assigning

intensity values ofYIII or above.
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