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One of the most dramatic causes of damages to structure

studies of Seed and Idriss (1967).

During

develop:.]
,J

shaking.

may

Liquefaction phenomena have

Mention may be made of Niigata

'fhe grotlnd water table is low in

Liquefaction may be defined as a

'I'hese rocks however have ~ndergone

largely an alluvial plain consisting of

the pore water pressure

is

Some low elongated hillocks of soft shale and

results,a

Bangladesh

in saturated sand deposit.

pressure developed due ~o monotonic or cyclic loads.

As
progress~vely in dand deposits.

but cyclic shear stresses are induced by the ground

strength and ~tiffnes~ RS n res\ll.t of excess pore 'wa.t~e)~

CHAPTER 1

the earthquake the normal stress on the plane remains. constant

where ground shaking is frequent and soils consists of loose

INTRODUCTION

been recorded and have developed in may parts of the world

during an eart~quake has been the development of liquefaction

phenomen~ whe~eby there is at least a temporary loss of

have been known about the effects of these earthquake from the

in .Japan'where 'liquef,,;ctionoccurred due to earthquake of 1964.

This' is one of the most well documented earthquake and a lot

fine sand under water table.

. ,
fine sand and silt deposi.ts.

most pll'ices.

north-eastern border belt.
sand stbne of terbiary age exists in the eastern and extreme

a fair degree of folding with increase in intensity towards the

'1.1 General'

,



(1979), BangladeAh has been divided'into three seismic zones as

2

the

that

Assam

regard.ing

the Bengal

]9]8 caused

through

this region.

includes t.he

tract in the

in

the Grent

interpreted

into two principal

No earthquake has so

elemp.nt,

study 8~ists

Movement along this fault has

it can be

Although these earthquakes have well

very "limited

1979) ,

According to the suggeslcion of the NECE

Twp other rna,jar earthqual{es,

to thj s structural

'fhe North eastern part that

1897 which had its epicential

1885 and Srimongal earthq~ake of

(NECE

recSords,

South8rnand the eastern parts.

During the reco~ded history',of last one 'hundred years

in Fig. 1 . 1 .

east.

earthqual<e of

widespread damages were caused by only

epicente~s (stua~t ]926).

Shillong Plateau.

Earthquake of

liq\lefacti_oTl possihilities.

1.2 Seismicity condition of Bangladesh

geologically_ Bangladesh can be divided

on Earthquake

According t.ot.he report of the Nat.ional Expert. Commi ttee

tecton i.e' Ilni "ts, one the prp.~::alllbrinn pJ H.t form cover i ng nort,fl-

severe damages only in the li.rni.ted areas SlJrr01Jnding thejr

western Bangladesh and the other the Bengal Foredeep covering

junction between the platform and the foredeep. The Foredeep is

far beS" related

termi,nated in the north-east by the Dauki fault at the southern

margin of the 8hillong Plateau.

central,

perhaps caused several major earthquakes

However, the north-eastern parts of Bangladesh are tectonically

tmms at Sy'lhet, ~lymensingh and Hangpur are'in zone-T, the town

of Dinajpur, Bogra, Dhaka and Chittagong are in zone-II and the

V-very adtive regial).
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various locations in Bangladesh.

1.3 Necessity, for the Study of Liquefaction Phenomena

a study on the liquefaction.phenomena th~t may develop in

incurr

In the

Such safet,y

if not properly

regu.l.a to r'~ find

A little study has

, '

':"

and zone-lIT are IX, VIII

rrh~ ~xt~nt of" damage due to

I,o.litlThese projects/require huge

all large structure for such

This adds to the construction

Any structure,

may lead to its failure or

the maximum. possible earthquake

zone-IT,

difficulties arise in finalising design

Therefore,

It was, therefore, felt necessary to undertake

can be expressed by Modified Mercalli Scale.

i.B very important.

t.o this Scale,

investmerit in money.

excessive cost through conservative design.

projects should be provided wi,thadequate safety.

of many importAnt strlJctures.

,1 ~ 'Bangladesh: is a developing' country. ::''''J For its economic
:;::"\

development and to enhance the living standf~ds of its pe6ple a

intensity of these zone-I,

measures should include safety against possible liquefaction.

design 'of larg(-~ structurf'!S snell as (~nrthdams,

at local,~evels in various locationu in Bangladesh.

designed, for liquefaction,

so far been undertaken to establish liquefaction possibilities

Barrage will have to be built up.

SOlJth w~Rtern part is i,n ~OllR-l'JI.

earthquake

According

number of projects in which large structure~ such as Teesta

Th~ consideration particularly for the case of foundation
(.I

and VII respectively.

barrages,

time and'cost;

absence C.~f~a definite knowledge of liquefaction possibilities

at various localities,



of the ~north-eastern part of Bangladesh are in the very close

The epi6enter is the point on the earth's surface directly

energy release initiates. Epicenters for various earthquakes in

5

in

Most

which

In shear

transmitted

i1;depends onSo,

These in subsequent.ly

The nature of these

the particles vibrate back

This inturn would clarify

It would be interesting to

necessary for this study to

When an earthquake occurs

These north-eastern part of Bangladesh is

Al.Rstin vibrnti,onR arA Aetllp and

is called the S-wave (Secondary or shear wave).

It was therefore,

In the compressional wave,

:This

,The ~ave is called P-wave (Primary wave).

Earthequake is a global phenomena.

1.4 Subject Matter of this Study

the eart.hcrust,

specifieD geological situation.

wave.

through the earth in all directions.

rock.

wave
wave, the particlas vibraie at right angles to the direction of

and forth in the direction of wave progression that is

is simiiar to the S- wave without any vertical displacement.

vibration can be interpreted by compressional wave and shear

The third type of wave 1S a surface wave called L-wave,

alternating pulses of compression and rarefaction through the

to these points. Moreover, the type of soils of these locations
I

above the spot where the earthquake originates, fa~lting and

the Ben_al Basin and Assam region are shown in Fig., 1.2.

tectonically very active regi.on.

are sandy or silty.

L wave effect the soil formation.

the ideas on possibilities of liquefaction in different soil

review available ideas and explanations.

know how various earthquake wave transmissions, such as P, Sand

formations.
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are use~'to measure liquefaction potential ~round the north-

eastern region of Bangladesh. A number of areas were selected

within Bangladesh which were studied for liquefaction

probability considering their. soil formation, geological

environment and earthquake history.

o
, '

, ,

7 .

/-~
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in

needs the

the 'geological

from the report

therefore,

However,

In this chapter,

it can be said that Bangladesh is

th~ .earthq\Jalrp ground moti.ons nnd

The amo~nt of pore water pressure buiJ£

Liquef~ction study,

by.(':'jNECE (1979),
\.r' •....•

1967 Seed and Idriss Studied Niigata earthquakeIn

2.1 Introduction

The estimation of earthquake hazards have not been

relative density.

to a ve~y low va].lJe.

LITERATURE REVIEW

loading; which inturn reduces the effective confining pressure

This pore water pressure bui.J.tup is the result of cyclic

soi.l would undergo continued deformation at a con~taht low

up will :depend on the confining pressure, the typ~ of soil, the,

CHAPTER-2

Japan of~1964 and showed that the soil liquefaction was induced

only by cyclic loading during earthquake. .During such lc$hng a

formations of the soi.l properties such as void ratio or

knowledge of geological formations and characteri.stics of the

formations ofBanglad~sh

the methods for ~valuatirig the~ liquefaction potential have been

residual stress due to build up of high pore water pressure.

cyclic stress applications.

2.2 Geological formation of Bangladesh

prepared

attempt.ed seriously in BangTad"sh.

underlain by the precambrian basement complex whose sllrface

dips south'olRrds.
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, \

,

goon

seismicity.

deposits hythe'Ganges

approximately parallel

The Arakan Voma ranges have

maximum

one

Thp: near-surfAce formati (H18 helong to t,hp,

of plate tectonic theory many geologists

North eastern Assam where the

area of

junction betWeen the Indian

In the north eastern part of

originat(-~d a]ong the SOlltller'n fr"OT)!".

trends

consists primarily of a large

i.t llnderli,es nlore I"eCent formati.ons to a

Assam and another parallel to the

the

basis

the

basement complex is underlain bl a

tertiary inliears in the Quarternary alluvi'um

have

two

is

in

in the Shillong plateau region which is an

south

the

The

that

~i,n' Burma.

are

small

On

Bangladesh

feet dept,h, in

Further

sequence ,of ~tra,ta.

depth.

Only

crops in ,the Chittagong regions.

assume

Burmese :plate runs north-south east of Arakan Ranges In

there

Hossain '1980).

Himalayas

ranges

quarternary alluvial complex, which covers most of the country.

and the ~astern Himalayan region as shown in Fig.2.1 (Anwar and

Himalayas

ea1.thquak(~s

regions ~re adjacerit to Bangladesh, these earthquakes have ~lso

been the: 'location for many shallol.J focus earthquaJ-;:p.

converage

block of the Indian shield.

2.3 Physiographic Sub~region of Bangladesh

floored with quarternary sediment

'found ln Sjlhet and Comj]l,a districts and bigger tertj'ary

. ,

,:d,ffected:Bangladesh on oC,casions seri ousl:"..'- '
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Fig. 2.2 : Quarternary Geology o-f the Bengal Basin.
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on thp other

That thpy

Organic

divisihlp

Brahmaputra, alld Meghna

appreci.able ntJantj.1~j,ps

are

Teesta,

of reddish,

T'j PI)f~J'l-l Rllt'fnne,

The

COTltent i,s .lower,

comnloTlly continued to

cii.rf'erpr)1:i,Rt~ion i.s

'rhl'Y cOlillHon] y eont.H ..i n r(.~rrl.l1:-'!.inollR Of'

materials.

an(i "nrntoya iiv~rs wh:i.ch flank

shown in-f7jg.2.2,

is

Ivater

plain.

'var'j ablp

rip td

PleistocetlP sedjments-~

pleistocene and recent ti.me.

Hecent deposits

.Jamuna,

of the Himalaya foot hills.

i nel j en t(~S

snrl

compact,ed

of sinlilar rla1:1Jre he,ve ~evelop~d

sedimen'ts

pleistocene sediments are flood plain

Old

deltaic

nodules.

]:i kf.-~ alluviaJ r'HflS I

This

more

sediments,

the eastern part of the country flsnking

and nr(~ mnL.tl.(~rl.

The

streams

is a distinctj.v~ aJ.18vj.aJ phisj.ographjc llni,t

a.re Recent aeposi.-ts h'hj ell compr'ise the

well oxidized snd typically

In

l7.ecent..

organic nla~eriaJ_ ..

Hater

are

colol1r

firmer,
pleistocene

calcareous

earlier "Ganges

rest.

four plei:stocene rpgi,on,

soil.

several ,pJajns

moveillerll~ between

masses and flood plains of the Callges,
.~..

sedinlent are typically dsrk, loosely compscted, and hsve s high

rivers.

categories
and Bengal

Purnabhaba,

subdi.vide' the Barind pleistocene sur'face ris~ as fl p~rt of the

draj,nage., system

piedmont:'all~vial plain.

Hills

This unit 3000 sqlJare miles in area, has been named the 'rippera

,other
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It

t.he

and

h.v an

of ,t.he

by t.h"

~Iorgan

rpddish-bro ....;n

(Fig.2.2).

nxidi.7.ed.

A branch

l'h" many lakes

t.o

th"

it has be"n suggest.ed

l'he south flank ofth"

(~I'OS:i on.

basin.

slightly

Accord i n,g

R..r(~

Although s"d i men,ts ar" probahl y

and

j,s del.ineated on ttlA nartt,

hills.

AJ.ong 1~he souttlwest and. soutllern margj.n

cOlTlpar:i:.ed

are not conlparabl.e wi.th

This sur'face

more

pleist.ocene

are

The Sylhet. 8asin has been bounded on th" nort.h

surface.

impOl"tRnt nc)rtheast - southwesl: 1~rRn(Ji:rlg fR\J]_1~

adjacent' flood plain of the fJeghna river.

scarp IlRS caused appl~f~(::iahl(~ I,ocnl

its branches.

they

~leghna impinging against t.he Tippera surface along t.h" fault.

The eastern 1i,mi,tof the Tippera surface is the abrupt hOllndary
",ith

flcIntire (1,959). the sediments of the Tippera surf"c" corr,espond

physically I,liththe Recent. flood-pl"i n sedim~nts "xc"pt. that

west.ernlimit of the Tippera i,sbeing eroded, hy t.h" Meghna. or

is uplifted' to thp.: soutJl\-lest n, fP.hl fP-8"t higher 1:-.han th(-~

'fippera is flanked by a narz'ow band of recent river deposits.

sediments, display higher oxidation tha~ Rec"nt flood plain
deposi.ts but.

plei~tocerle terracp. nlRtprials.'

ant.iclinically folded Tripura Hills.

Shillong plat.eau is delineat.ed i,npart. by a major fault. scarl'.

According to Morgan and McIntire (1959).

J.Rst several hlJndred years.
t.hat the Sylhet Basin has s'ubsided about. :10-40 feet withi n 1.11"

undergoing compacf:j(ll'l,

prinlarili tectonic and js related to th~ .major fault systelns.
bounding the northern side of the

Shillong plateau and on t.he "ast and sOI.th.by t.h" pll1nging.

,
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th"

flnd

Basin.

th at-.

remaining

The deltaic

BanglFldesh.

featurp-s

The

h'it,hin

physicnl

scarp

carrying the Sylhet

The charac1:Rrist,:l C8 of t.hese

owing mainly to. compaction of

2.~ shows region .and sub-regions with

1~o

these three only f"l.l

Fig.

Of

again be divided i.nto twenty four .sub-rp.g.ions

Bcl,jacpn L

block I,as beer, rotated,

can

four lJnits on ttle basj,s of

is constantly' subsiding,

Basin.

more r~pid1y than it is being all.uviated.

fi ft.y

i.mmedil1.LeJ"y

dOHn
down thrown

I?ashid (1977.) mentioned t'iVe physiographic negiotls of the

region o~ Bangladesh, bounded by the pleistocene terrace on the

west, the Bad nd and rladhupur .Tungle on the north, and the
TippeT'Fl SlJrfflCP OTl Lhp (.'f] s L t~orl.si H t.!=' of UIO' H.P.C('~flt-. d01 t.n i ("'

plain. It is complex in t.hat. i1: has b.,en th., si t,l~ of

is composed of a number of overlapping sub-deltas.

sedimentary deposition by two of the world's major rivers. It

region

R.ecent sediments "nd possibly to strllctur"l downwarping.

B"ngladesh

Bengal

and

draina~e pattern.

lJn~ts that fal.1 witl,in Bnnglndes.

sub-regions "re described in 'r"ble 2.1.
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Little ,Jamuna:
flood plain
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Lower T?urnab-:
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nda flood

8,. North-east-:
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Tista Flood
Flood

d. Western
barind

c. West
barind

b. Diaram and
chars
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Physiographic
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Older alluvQ.$l

Swamp and deltaic
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Terrace and meander:
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Inter-stream'
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Recent deposits
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Low flood
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18.
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deposits: ,,,,,,,,,,,,

flat

Characteristics

SWI\IIIIl Ilr\d J)el.1~nio
depos ij;s

Inter-stream
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Swamp and deltaic
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Deltaic deposits
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Deltaic deposits
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Swamp and deltaic
deposits
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Central
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estuary
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Northern
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delta and
coas t,a 1.
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Islands

a. Old Ganga
flood plain

c.

d.
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:c.
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flood plain:,,
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Padma flood:
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'b. Padma-Madh- Deltaic deposits
umati flood,
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.:d.,,,,,,
:a.,,,,
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Central Delta
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-------------- ---------- ---------------,
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the

,,,,,,,,,,,,,,,,

ohtn-in

reeorriing
1.0

Therefore,

hori7,ontaL

shows

earthquakes.

the

the tinlp. hi.story

past

in
records

and

of

CharacteristiGs

Surma Formations

Beach deposits

Tipam formations
Beach deposits

f.):ih-ing and dlJpiLilo:
formations

Surma formations

records

Units

of the ground

I~HCll compoTlenf of hori,zontaJ motinl')

to each other)

Bakkhali
ri.ver
valleys

Nhila-Teknaf
plain ,,
Southern ': Surma formations
beach plain:.

Jin,jira
islets and
reefs

: f.

':\."'\rlloC'.•.• ,'=> ..- .. ,'

hist.ory

'typical

acceler,ograph

timR

any

ti.me history of grollnd velocity

from

(at.right

the

r'eHdi.J~"

Gene ra.J 1 Y 1

acceleration

obtained

of ve~tj.ca] acbe10rat:jons.

direct.ions

first

can

stat;.on and then the time history of displacements.

2.4 Earthquake Ground Motions

Table 2.1
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: hills :, ,
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: : li:arnafuli
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Valleys
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a

and

faT

for

the

for

wave

by

called

markeci

of

motions

release,

,

anrl

In

ria'.ta

the

(Seed

Hignificant

7

d:i.stance

of

of

release

to

the' earthquake,

energy

site

influenced

of

along

often

of

of

energy

proposed

accelerations

dura,tion

rocks

have

of

source

been studied for many years.

magnitude

as 8 function

there

Lh(.~ main nhf\rnct-.f~ri sLic's

at ::.lnysite are

of

source

coneerning

have

soi,l condi,tions at the

the

fiO "ms,

rccnrd~

including

source mechanism of the earthquake, wave

related to the direction and spe~d of

motions

si te _ from, t~he

opinion

and

'rhe vRriati()n of intens~1:y of grollnd

to

Acce'l(.~rAtion

from

effects

such Flt..tenuntinn curves

en.rthqlllJ Ires

of

2"

for these ciifferences was tbe lack

curve

ground

factors

characteristics

peak

of

of

of

for

di,stance

of

necp..l P. rogra plt

reason

for,m

from

velocit~, ground displacement and

ground ~llal{ing okl" rAnrli.ly l)~ rpad.

earthquaJ,e

number ,of

distance

interference

geologic

transnli~sion path,

with

ground motj.ons,. S11Ch as the maxilnllnl ground acceleration, ground

fault rupturing

Idriss, 1982) 0'

Plots

attenuati,on

different earthquake are called acceleration attenuation curves

and have, been stud.i.ed hy rl\JmerOlJS workers such a~ G1JtenbArg and
R.ichter (19,,4), Housner(19,,2), Seed et, al (19fi9), Schnahp] and

Seed(1972). While therp has been reasonable agreement about

the

distance

differences

main

large magnitude at field recording stations!

.hforl~ers
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i. t

of

he

is

are

beRn

peak

ground

depth;

gpneral

At lower

rock

mean

in

have

Although the

peak

on

earthquake

the

so' llbundarrt,

an

on records of peak

This comparison

not

for

magnitudes

consirlereo

r'p.corded

based

be

conoi tions' .,on

The results of a detailed study

may

soil

Rock; stiff soils deposits involving

accpJeration

, .

onl~r on ror.-ks

relationship

this .figure are

Families of curves of this type can

of

or stiff cleys to about 200 ft

be.determined by comperi.ng

peaJi

It can he seen that at comperable di.stances

Attenuation curves for motion on this type

Fig.

for

in

O'an

recorded

data

for different

by Seed and Schnabel IIY72) and tIle resulting plots

influence

source,

Attenuation

curve

field

r.ocks

The,

. An'

magnitude 6.6 Richter scale is shown in Fig.2.4.

of

near

acceleration

dotted

attenuation

2.4.2 Acceler~tion Attenuation Curves in Soils

differen~ magnitude earthquakes.

are shown in Fig.2.5.

used to ~stinlBte peal~ acceler"'ltions at (ijfi~erent dj.s1~al)C~R 1~ro~1

2.4.1 Acceleration Attenuation Cu~ve8 in Rocks

.•

developed, .

for 'acceleration recorded on roc)t sites.

shown in Fig.2.6.

from

accelerations

acce1.ern\i-on levels, llr.r.p.ler:llion on rlep.p ~()i.1 rI(=~P()s.its seem t.O

be higher tl,an fhose on rock.

.acc,eJ:era1:,ioJl attenuation cur\.:e for dpep ~;;<.Li:ldepns.i.t~~.w'j th tha-t

somewhat higher than those recorded on deep alluvium.

different types deposits:

of the relative velues of.peak accelerati,ons developed on four

coh~si.on].ess 'soils
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of soil do not differ appreciably, particularly at acceleration

such curves b~'Sadigh et a1 (1979 i has led to the results shown
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and

and

high

peak.

ahout

stiff

roch.

stiff

those

it

have

at

It may be

ro("~k

In this case

eBn

medium

acceleration

Even

significant

A detailed stlJdy of

about

O. 4g.

may not bem8-.!c5n it ud P.

and for most practical purposes

about .O.:Jg

t,hAt the l.oen] soi,] conditions

deposi.ts typi.calJ,y bei.ng

this

2.7 taken from Seed and Idriss(1969).

than

of any depth not involving soft to

of

practice

seen

soi.1

deposits of soft 'to lTIp.diC.lfIl stiff' clays alj(~ sands

determined from record(-~d -a-ccelerogrnrns enn be plottReI

less

values of peak acceleration developed on different types

on

th~t. apart:, franl deposit.s ~~vo],ving soft to mAdi.urn

[,t;

depo~its

In the same way that peak a?celeration data can be plotted
, . ~.

determine acceleration attentiati on curves, .vallles of

Fig. 2.8 for ~lngnj Lude f'l =(). [) lli eh tpr sen] e ('~Ilrthc}llnlu~s

may, ,be

,

2fiO

sp,en

shown' .in Fig ..

deep cohesionJess soil rieposits with depths greater than

clay,

levels

on

acceleration levels on rock Of the order of 0.7g,

cla~vs are :I ike]y~ to }It.' nnl~,' aholJt 25% I.f~:-:;'SthA.n t'.hOSR qn

Variation.s

engineering

be cangi,dered that peaJ{ acceJ.erati.on vaJ.1Jp.s on

2.4.3 Velocity Attenuation Curves

stiff soils of any depth are abollt the same.

velocity

to

~o d~termine vel.Deity attenlJatj.on cllr~es.

j n

veloci,ti~s recordAri on rocl{ ahrl soil. conrli.ti,ons.
.i t

pT'onOllnced effect on thp peali ve].oci.ty dpveloped, with vP].oci,ty
values

recorded: on rocl{ si.tes.
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Subjected to earthquake

liquefaction potential of a deposit of saturated sand subjected

There are mainly two methods available for evaluating the

28

Sand

sit,e

field

from a

in the

induced

deposit.s.

field

their findings

sand

of actual

liquefact.ion was

in the

another method is based

Bllsp.d on

ITh ) developed due to horizontal

One method relies on performance~ of

resi.stance of the"

a number of .Japanese engineers studied the

The cyclic stress ratio may be defined as

These methods are described below.

penetration

,

Dep,?sits

?2.5 Methods for Evaluating Liquefaction 'Potential of

to earthquake shaking.

on evaluation of stress conditions

sand deposits in previous earthquakes,

comparison of stresses causing liquefaction of soils,
laboratory.

interest in the general phenomenon of earthquake

Niigata Earthquaks,

It is evident that geotechnical engineers took serious

2.6 Methods Based on Observation of Sand Deposits Previously

liquefaction after Alaska and Niigata earthquakes of 1964. In

liquefaction phenrimenon by correlating primarily with

Subseque~tly a more comprehensive study,

standard

made by Seed and Peacock(1971).

condit.ions that lead to liquefaction or no

criteria for liquefaction potential of a soil deposit were

developed and these provided a basis for the relationship

between 'field val\l(~sof cyc Iic stress ratio j~/O"'; And r,',l.aUv,e
density of sands.

the rati.o of shear stress

grounq shaking du~:'iTlg p.Hrthqunl{(~ t:.O thp. init.in..'1 (~ffp.ct:iv(~ Ovp.r



In 1977, Seed, et al col,lected the vallles of stress ratio known

liquefaction potential by providing other correlation between

are to be eVRluated from the standard penetration values

29

no

the

The

also

the

This

Values

of

Standar'd

,.

The farm

anc1

for evaluating

this fi,gurp.

deposits.

Pp.neLruLion
In

lower portion

Fig.2.9.

of the sand

Christian andSwiger(1975)

the corrected average

in

The relative density of sand deposits

fOI'the soil strata in question.

The up~er portion of this line provides

develop:) c1uring earthquake
'J

the field and established a relationship

VRpresen'ts i.he St.andard

The vertical axis represents the cyclic stress

of liquefaction and

is shown

Based on thj,s figlJre liqlJefaction phenomenon can

I,muld

Resistance N,

Castro( 1975),

that

condition

,
burden pressure (0"'0).

J.Jater on,

collected the field data to provide a basis

liquefaction In

between' these values and

horizontal axis
relationship

Penetration

to be ~ssociated with some evidence of liquefaction or no

corrected for field overburden pressure as proposed by Mercuson

liquefaction produc~ng parameter apd penetration resistance.

and Bieganou~ky(1977)

correlated ,for depths as proposed by Gibbs and Holtz(1957).

rati,o at the'point where Ij,qlJefaction is consid,ered.

details of the method of N-value correction is presented in
Article 4.5.

line in Fig.2.9 provides a boundary seperating liquefaction and
no liquefaction zones.

a

liquefaction.

beassesied by determining the probable value of cyclic stress
ratio

corresponding" corrected penetration resistance of the sand
deposi ts'.
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The c.:yclic stress ratio "Fit allY depth in L1H~ ground causing
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a

,.

the

(T

soil

less

their

as

less

If

( 2 . 1 )

of

shown

be

. ( 2 . 2 )

The value

as

behaved

A.ccording to

a max

stresses developed 81: any pojnt j.n

g

Yh

at depth h shown in Fig.2.IO(a),

can b(~ deterllJin~""d w:i th acceptable aCC1Jr~a~y. by 'l,he

stress at depth h is IT max)d and will

shear

nlaximum grolJnd surface accel.eratj,pn,

= a atress redu(~tj,oncoefficien1~ witil a va.LUB

a rigid body.

propQ..~1i t -j on

ldriss (1971 I suggested a typical variation

=

= unit wt. of the soi.l.

shear

(T maxl,=

and

Because thp. soi] co Il.lInn tl(-~hn\/(~s as fl c1ef()rmnhJ(~ hod:v, thp.

IT max)d = rd.I'r max),

li(pJefac~~ion

method proposed hy Seed and Idrissl]971).
method the

v~rt iea 1:

depo'sitduring an earthquake appear to be due primarLly to the

rigid body, the maximum shear stress on it ,.;ouldbe

soil .element

('1' m a x) r = maximum SheH,T' stress \"hen soil element behaved as

n m a x

than (T ~a.l, as determined by a ground response analysis might
be expre;:sed by

actual

where,

than I

maxi, and (T max)d in the form shown in Fig.2.IO(b).

Seed
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Fig.2.11 Range of values of rdfor dift"erent soil profiles.
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of

of.

is

the

the

and

t.he

shear

during

(2 .3 )

averagf~

of

from

line

variety

the scatter

Fig.2.JO(c).

appropriate

Idriss(J97J)

LeCltify

flC LUi'll

IdriCls(197J).

1n

By

1.,0

dashed

The

the maximum

a wide

ldri ss (1971)' found

thi~ determinntions

or ,,40 ft.

is about 65%

Seed and

o r'c1PY'

for

accuracy,

In

of

T av,

of

1 ) .

an par.thqlJ~I{e can be mad,e

On this basis

t.o

the equivalent average shear "stress

v,alue

~t, large depths as shown
, .

during

the

of rd are taken from the

a max

fl"OIII l~tle vRl,ue clf' T

(D.H5

less.

of

reasonab.1e

g

values

Ii

lJnif6'rm shear stress,

bet\ ..•(~en

shOHn in Fig.

have shown that rd generally falls within the range

ohtained

involved in -using the aver"age values sllown by the dashed

lower values

would be

with

equi.valent uniform average sJlear s1~ress.

a

T max =

. where

be

much

Computations

50 ft.

values

It may be seen that in the IJp~er 30 ft.

erro.r

line

relationship

suggested that for a depths of about 40 ft.
stress developed

ranges

of the r~sults is not great (ranges between 0.85 to 0.95), the

of rd will decrease from a value of J at the ground surface to

earthquake motions and soil conditions having sand in the upper

to

history of shear stress at any point in a soil deposit

~n earth~uake wJJ.l have an irreglJlar form such as .that shown iTl

the
Fig.2 . .12 ... From su{:h f'(~l_al-;jonshjp's it is nec(~ssary t.o detJ~rminp,

wel"ght]',ng'of t',e.,,]'r,dl',v",',dIJo,,'I,l'r 'J,I <," S ~ ess cyc ..es,

that

for

equivalent

liquefaction criteria,
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1max
-, 0.65 ,

<JV m,lX

(After Seed & Idriss, 1982 )

v>
v>~
~ TIME
v>

Fig.2.i2 Time.history of shear stresses during
. earthquake.
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2.7 Methods Based on Field Soil Stress Condition and Laboratory

soLI.

An

a

and

undf-~r

under

(2.4)

levels

mB.X imum

on

a peak

at given

Seed

laboratory

of

layer

liquefaction

liquefaction

by

the

sand

value

The term "peak cyclic pore

evaluating

shear stress developed

the possibility of

for

CBllse the soil to develope

cyclic

a max

ov~rburrlAn preSSIJre on

"ill

Yh

g
the

soil deposits 'h'erefi,rst proposed

cons.i.deration;

'rota.]

and i.nvolved 1:wa independent d~terlnj,natj_ons.

consideration.

=

of the cycli6 stresses inducerJ at different

for any gj.ven si,te an(~ a gi.ven

of

pressure,

Therefore,

t'

<:J:) ": effe9tiv'q ()verbur'd(~n pressure on sand layer

'r a'v. = .65

"r a v a ma!i 0-'0
= 0.65 ----- rd (2 .fi )I '

0-"0cr'o g

Thus

Comparison

Anglyticalprocedures

element during an eartthqllake shaking can be expressed by

h'here <J'o

ground ~'~unfadeacceleration,

,"

milximum shear stress ,. mflX Thlls

can ~eadily be checked by the criteria shoh'n in Fig. 2.9.

potential
!

in the Raj,1 deposi1: by the earthquake shal{j.n~ and a

evaluation
IrJriss(1971 )

confining
,

cyclic pore pressure ratio of 100%.



1,0:,

in

of

the

of

for

for

the

water

equ"l

p()r(~

steps

roe-qui. red

100%

naturn]

durIng the

liquefable

pore

peak

of

thp, ,fact.ors

.1, i qUf'~"ac:tio'l

of

evaluation

procedure

ratio

tllA

ThIs type of stress

The

tes t.

on

properties

pressure

pressure,_

suitable

i,n-sj tu

pore

the laborlltory.

was then based on a comparison of

of a

of an \llldF~r:sLandi ng of aJ

this approach is more appropriate to

on.

confining

cycJ,i.c stress cnrldi,ti.ons causing

potential

significant

the stresses developed in " potentially

Clearly

on conlpJ.eti.on of any ['11] stress cycle beconles

thp

Deve I.oplll(:~nL

Op.velopment of 1:1 ~ndtah'I(~ nnH.ly ..tic,'-'l,l

Development

H

the applied

( I)

(i v)

(iii )

pressure

pressur~ rati.o of 100%" .denotes a condition where,
course ~f cyclicstress.applications, the residual

to

liquefaction

to cause a peak cycli.c
represe~tative samples j,n

arlaJysi~-property deterlnirlati.on Hpproach reqlJires a five
procedures

,

evaluating

layer in the grbund during a given earthquake;

(ii) Development of a sui table. procedure for repre.senting

the irregular stress historv'produced'by the earthquakes by an
equ'j valprJ t un.i, .1'01'111 1.~.VCI. ic s Lr-pss S('~r' j f~!-:.;

measur.ing

pressur~ ratio of 100% irl representRtive samples of soil:

chllract~ristics of soil; and

(v), nAveloplJlr~nL .of-:'in \lnd(~rstFlndjr1g of l".hp

sample disturbllllce

deposits.
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it

n.lso

talle

by an

if

Tn 191;7

as the

(1971)

et aJ.. (1977) andFinn,

and ldriss

lIot,j'pv('r, in SOIll~ ~nsp's this

Seed

Lat.er,

significant and thus reasdnahle

]n gen"raJ. i1;does ,iot appear that the

introduced a procedure that takes' into

up to

( 1977 )

In the following pages, procedures developed' for

Idriss computed cyclic shear stresses by a ground

aloe par1~icu].Brly

,

""'1engi neer than the use of the empi rical approach deBccr~lbed

e.t al

Evaluation of S(resses Induc~d in Ground, due to
Earthquake Shaking

The" cyclic shear stresses induced in the ground

previously .

soil

2.7. 1

earthqualte may readiJ.y be eompllted b.v several methods.

Seed and

the eart~lq'Jnl{e pI'ogresses.

ground stir face acceleration.

response: analysis that neglects the pore pressure build up as

developed a method for calculating the cyclic shear stresses hy

a simplifi.ed procedur'e tH~sF:d on R. knohl'lerlge of. thr~ JIIAximulIl

be briefly reviewed.
accomplishing the five basic steeps in the above procedures will

Liou,
aCCO'lnt thR pore preSS\lr~~ genernteri in ~hA soil

i.n a soi,], depoRit~t

earthquake progresses.

effects of the pore pressure buiJ.d up on the computed

occurs,

evaluati.ons can usually,be m'lde by methods that do not

may be e~pected to lead to somewhat conservative results. The

use of methods that do consider these pore pressures leads to a

direc"t eyaluati.on of t:h{-~ JiC}lJ(.~fHct:ion po'l.(-~nLi1)'1 of LhA dp.p()si1~'

,d thoutfur.ther' studj'es;



f

by

be

The

Seed

those

soil

(~rrnJ'S

hy an

requ i r~e

perform

,

earl

irrp.gular

irregular

are

with

to

given

history.

t.hp.

t.h is

They do

be

rlemon1'lst.rated

Thp.re

t~here tlie stresses

directly

representat:iVe

lit.tle experience.

of

sllrpri.s'ingly

slwkjng can

compared

vulnerable nJt.(~rnH.t,jVP Ht the present

liquefaction

eHrthquah:e

from 1-1 visuaJ inspection of the
:i nvo 1. v(:~d .

the nlaximunl shear stress developed in a soi.I

ground are

of t.hjs approach has hep.n

b.'tl\nnBh:LFind Lp.(~ (1~77).

IJsuaJ.ly. necessary to 'convert

an

cause

the

is

to

tests usi ng un] form c,vclic streRS flpplications than

hi stor.v

so because j.t j,s lJSIJalJ.y nlore convenient

stuci..ies

validjty

According to the simplified procedure proposed by

is

Idriss(1971)

In {he ~ore conlnlon method of approa6h,

time
By estimation

accomplished quit~ accur~tp.ly with

attempt to reproduce t.he actual fjeld stress

thp 1:1.natyse,s and ~{lnj(~ 0 r i:.h(~lll <1. i'e Vlllll(~rnblp. to tes Li ng

sophistj~ated approaches cUT'rently available.

mor(~

and

nepos:i t dlJring

equation, (2.3).

or requi.rf~ Furtner st.udy befor8 they are fully unders:toon. For

this reason Seed (]979) showed that the simplified procedure is.

the det'errninHLiori of more maLer'in.] properties in ordp.r to mal{(.~

2.7.2 Converting Irregular Stress Histories into Equivalent
Uniform Cyclic Stress Series

stress ll:ist.ol'Y into an equi'.'HiPtlL ulli.fo'r-in cyclic 8tr.'(~SH serie-s.

induced.' in

determined

samples',' .It

laboratory

This

to

basic' methods b,v hi'h ich .i t CHn be accompl ished:

general

detaj.led
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of

hnve

final

(1971 )

rletailerl'

rrequancy)

stl~ess (~.vc.l.(;S

of different

study of the

and

number

representerl

amplitude

(1969) Bnd descrihed by Lee Rnd, '

(1969) anrl ilnn"l<iand I,e,e(1977).

8eed,(1979) shows that rlifferent

(1977)

and inv61ving the natural period of

constant.

of c;,>'-cles f01:' a

Later.,

have n1H,rie a stA,tjsti,cal

These typical results are shown in Table

Donovan

th(~ r(~Jn,tiv(~ prr(~cts or rli ffprenl. nUlllh(;r~:; 1.lnd

from cyclic load tests conrlucterl with uniform

(i. e. ,

( 197 S )

and

the efrects or an irregillar stress history using

h'eightirlg proceduJ'e. f'oJ" j,ncJiv:i.duaJ

et al

By

developed by Seed'et aI,

Chan (1972), Seed at al

The basic procedure i.rlvolves 1:he use of an experimentaJ ..Jy

determined pore pressure respor,se liquefaction curve to
(~stnblj sh

levels of cyclic stress applioations and the

determination of an equivalent number of uniform stress
cycles"

representative or any given irregular sequence.

A clJffiulati.ve damage approach "developed by ])onovan
based orl Miner"s law,

the deposit and the duration of the earthquake shaking.

The method is described in detail by Valera & ])onovan

Valera

(1977 ).

By 'adopti,ng a representatj.v~ average wei.ghti.Ilg curve,

c)

b)

coillpar i SOll

evaluating

data obtained

procedures' that may be used in this step of the Rnnlysi,S

stress applications.

little effect in the final res"l,t.

represent:ative

Seed,

earthqua~e motions.



A. r(-~asonH..hly close S.1.ITJuJH.tion of th(~ stresses indlleerl on ~l soiJ

(~lement_ by one com}.lonC'flt or ('nr:.th'lI,li:ll{f-' mo1.ion" in Lh(.~ f".il~~td. In
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\_~

for

for

1-vater

sampl0.s

different

Rqllivalent

pOTP.

signific8nt

of

no

procedures

Procedures

test

Tbis proBed'lr" provide"

PHrthC)ull,kp,

appJications,

for

Suitable Test

U:boratory

of

ser-ips

Table 2.2

desirable

stress

magnitudes of Earthquakes.

)

the effects of an f~:-lrthqljnh:p on so:i"1 test

Development

stages of nycljc strAsS

most

build uP. In Lhe ""mple but t.b"rR is

,,
Earthquake :No. of repesentative
magnitude lcycfes at 0.65 T m a x •

5 1 2 -:l
~

6 "
o' 1 lO

4
7 1 , 15 ,, ,

2 , ,., ,
8 1 , 20,, 2' . ,, .', ,, . ,

The

eB.rly

2.2 and provide a convenient basi.s for selecting an

uniform 'cyclic

ma4J'ri:itudRs.
'9,", .

Equivalent uniform stress cycles for different

2.7.3

reproduci;ng

reproducing earthquake effect.

is a cyclic loa,ding simple. "h"ar test.

the

pressures
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on

in

the

by

The

the

t.he

the

Under

eyeJ j c~

sample

cycles

first

m"lti-

confining

From

Sped. has

repreSRnt.

60nveniAnt

are

of

stress "!,atio,

str'ess

but the soU in

flVH,"j,] nh.l P,

ann

liquefaction.

condi t,;.on.

of

samplps

of

.." .'. ~ ,I, 1g . 2 . 1.J •

t.he 'vertical

11 nd ergc)

pore preSSIJres build

of a series of

Tn J.abnratory tests,

stress

t.O

field,

numbpr

practjcal

the onset,

rp.sults

t.he

h(-~gins

results

.i n

.in

for nor\f)l1cLing any typP. of'simple

provide

a valup ;-quaJ La

ttle effecti.ve preS~lJre to zero and at

Typical

stress conditiofl,

to

to

provide

design eartllquaJees.

cjclic simple shear tests should be reduced

t.he

These 'nenotes

easy to read off the cyclic shear

Tn

cond,j tions

to

reducing

equi.pmenL

,jumps

is

( 1966)

.l i(IUefaction

on the magnitude of the total applied shear stress and

than under I.nidirectinnal stress .conditjon.

thlle

10%

16ading t.riaxial compression t.est.Has developpd by geed

Lhn t

it

gr'ound

j.s some~hRt 8orllpJicn,i:pri :ITlrl no1:

fieJ.d are in '1IllJ11~j.-directj_nnaJ

Sjncp.

consolidated.

pressure ,:

suddenly

same

"deforma t.i on.

deformati.on.

is

depends

t.he init.ial verticaJ eff.ect.ive pressure unde::-Hhich t.he

i.dentical ~amples of a sBn~ are shown i,n
plot

representative

causing

sanlples ~s in urlj_direc1~iona], sl~ress ciondi.tion;
the

number of stress cycles re(luireri to cause t.he samp:Je t,o Jiquefy

multi-directional

shol;Jn

faster

unidirectional

dil'ectional she~T' condition.

about

tps t

cyclic

and

alternAt.ive.
level
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Fig. 2.13 Typical form of the relationship between cyclic shear
stress and the number.o.f cycles to cause failure _
simple shear condition.

( After Seed & Idriss , 1982 )
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1:.0

of

can

the

cycles.

( 2 . 6 )

cyclic

tciHx'j III

in

t-lay

obtained

of

nonuniform

Test data can he

t.his

conducted

in

pJ acement,

characteristics

"undisturberl

<J'dc.

.t-traxial

sample

=

on

carefuJJy

'\0

in the desired. numb~r

that

T h/ ~~, causing liquefact::i.on "undr-:r

Hnd interpreted

initia.1

= Cr

perfnrmp.rl

the

f 0 l' 1\ 0 =

rl r'p

in

indicates

i-iowevpr,' ."me~nj,ngfll} results can be

coerr:iC.i,eJlt,

performed

liquefaction

t field

data on the cyclic .loading

H,pli'lhle di-itu (~()nn()L hp obt.a:irH-~rl if

0.57 for ko = 0.4 and

exist

tes ts

T b

o-"v

tests

cell.

eauses

if

.the'~).Ycljc slr('O'ss '''H1:.:iO c:::Hu~ing liqu0'-actinn of 11

0 ..9 to
Cr ::

Experience

(~arthJlr'(~sSl.lre

interpr(~ted to rl(~tprlllirH~ thp {'~)"(~]-ic sl.rl~SR raLio,

cycli'c neviator stress applj'cHti ons,

t"h ich

the cyclj.c stress y'ati.o,

<;onsolidated b.y an nmh.if:~nt conf'in"ing prPR811rp., a-'n {1:hp. :lnternJ

multj.di.mensi.orial shaJ{j.ng corldj,~jons i,n the fjeld can be,related

Tests of'this type do not represent fie.Ld cohdi,tions nearJ.y as

to

test sample in the laboratory by the expression (Seed, 1979).

triaxial

provide:' valid
;

the ,s1-)mpl(~s.

sands up 1:0 the de'fe}opment of por~ presstJre ,rati_os of lhC)% for

conditions

triaxial

only

representative of the in-sil;I' deposit.
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of

in

the

the

the

some

of

tends

breaks

.1oading

quality

sand,
sands,

good

cyclic

evaluating

the

on

and. the ag"

into

The combined effect. is

d:tta

in the

pushed

change

a good basis for

thAt Lest

loose to medium

eartIl pressure,

js'ctJs1.nmary to e~press the reslJlt

importance has correctly been given to

tube is

give

For

it

little

sand so

lateral.

the

cause

sampling

of

Occurs.

Factors influencing liquefaction characteristics
soils

Accorciing.1y,

conditj()n,

Effects of Sample Disturbance of in-situ Deposits

of grains causes an incl'ease i.fl rl~nsi_ty (whi.ch

Iji'lu(~ffl(~ti()n P()I'J~lll.il\l or cniJ(:~s'i()n.l{~ss soil nr'p illrltlj~fl(~C,(1

Some of thp: (:-:empnLR!:ion at gf~ain c()n1~R'cts (h'h:ich "tends 1:0

When a

increase the cyclic loading resistance) but it also

FactOr of Safety in Evaluating Liquefaction Potential

In evaluating the liquefaction p'otential of a saturated

2.7.4

deposit.

.coefficient

2.7.5

disturbance

not only by the density of till"deposit but a.1so by slIch factors

a,s the characteristjcs of' the grain dompc)si,ng ~he deposit., t;J1P

the necessjty for obtaining and testing truely, ••ndisturbed and

representative samples if mel.'1[li,ClJ£fu] evaluation of 1iql.lefuctiotl

potential are to be made.

movement

to

down

reduce the cyclic loading resistance).
apparent)y .to

resistance of

"undisturbed . samples"

2.8

earthquake

terms of a factor of safety f~x,i)rp..ssed a.s

"
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to

the

by

the

loading

stress

made

depos:i ts

p.arthqlJnltp

condition

eV1.lJuat.ing

liquefaotion

cyclic

and

det(~rm.ined

the

be

be judged by usIng

2.9. In the second
can

'1'1

'r d

method,

Liql.efaotion phenomena depends on

=

olearly it has been seen that

po ten I.ial

In firs!;

so'j

prohability can

= averagp eye'lie s,tress requl.red to cause

li.quefacti9n in N-cyc].es

essentj.al. p].enlents of 1:he current state of

the previdus pages an attempt has been

region of 8angJ.ueJesh j.s tectonicalJy v8ry active
are main].y th'(). lIlPthods ava:i labJ e for

be evallJat:eti by determj.ni.ng the sai

1:i,qIJF~fac'Ljon

potential.

formAti nns',

Factor of snfcLy

chart suoh as shown in Fig.

.1: 1

't' d

In

the

OrIn

Liquefaction

~ar1:h,qtlake shalting.

There

to earthquake shaking,

\vh ere,

and = ~verage oyclic stress induced by Earthquake
for N-cyclp"s.

This requires determinations of the stresses induceii by

the earthquake and the stresses which must be lipplierlto the

2.9 Summary

The soil liquefaction is induced only by

of safeti range from about 1.25 to 1.5.

during

geolo,rf;i,r-fll

history ..

sHnd to.t~ause Ij(-lU(~fac-l:.ioll.

summarize

art for evaluating th,e 1.iquefacti on potential of soi 1
due

north-eastern
Zone.

liquefaction

potential

sllch as perletrati,oll resis1~Bnce and computi,ng thR cycJ.ic

the design

method, the

.ratio.
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1,0

many

have

d"posits

fiRSllres

sporadic

in

failur.es,

leading

nrollnd

sand

valleys

and

determination

On thaI. regards.

'rherefore, Zone~

the

observed

capacity

in

been

liquefaction

Methods for evall.ation of

bearing

hasTt

zone-:l.in Fig.' 1.2 is s:e.3smically
-,,"

'I"hi,sdepends on soil characterj.~tj_cs and

spreading,

genern,J.J.Y nCC1JrS

Tn Bangladesh most of the areas are aluv-ial-

has been rllade to f'inrl 01Jt

Noreover,

ill :,1 108 lJ1i 'I f'~':; I nnp; 7,OtH" in

potential.

Sleuart (1920) reported the presence of
lateral

mainly two methods available for

Brahmaputra 'and its t.ributary river

region after the OCC1Jrrance of Srimangol earthquake

ho'j ']s

degree of susceptihility to

earthquakes .

are

Liquefaction

snnd,

abundant;

1918.

.i nvestig:-t t jon

high

3.1 Introduction

mode of occurence of an earthqu~J(e.

liquefaction

There

a

"arthquakes that a rew types of geological deposits, Ilave shown

ground fai Iur'es.

:

liquefaction potential have been discussed in pr"vious chapter.

plain deposits.

RESEARCH SCHEMES

CHAPTEH - ,:l

active area.

to

ground sfttJ.elnent,' fj.lli.ng clf \i~l-ls, and borrow pits,
and

in
epicentral

Holocene fluvial and alluvial-plain deposits.

T may have been suscepti ble to Ii,qllefaction.

P()t.(~Il~jnl. of' sf:~l.e(.:Lf~denl'Lilqll!,II,(, PI'OIII~ llr.PHs \,Jil.hill HHflgIHde~h.

. during
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The vaLue

Thp. fo"IJoh':i.ng

Sherpur, Sarai.!,

consirleration

the .hori.zontal grouJld

the

ppnp.tratioTl

Hobigonj,

'rhe ground acc~laration can

of these areas have been ev~J,uated

~lau.lv:i t~F:l:za~J

these RI'PH were hased on

Sylhet,

of

str~ss rut~jo nnrl ttlP modi,fi,cd

Liquefar;:tion

Liquefactior, potential

b:v methorl outl:inpd ,in I\rti(~le 2.().

Jrl deterlllirlRtioll ol~ cycJi.(~ str'ess ratio,

cyclic

acceleration

found out from ttle accelAra1:ioll att0T11JA,tion CIJrV~s .•

of ground acceleration depends' ,on.the magnitude of earthquake &.

the distance between the epicenter and the site under

consideration Soil properties'like relative density depends

on the geological formations. In order to study liquefaction

potentiai of the north-eastern z~ne of Bangladesh the places,

3.2 Objectives of the Research

,

Nukt,agacha,

Camilla., "Bhairabbazar, Narsingdi &. Lakshmipur arp. se.1ect,p.d.Thp.
selection

The 'g(~ner'al charH.etf~rist'ics of thp. Raj I.

gpologica.1 formations ;~Tld earth(}l.l8.k(~ jntp.T1s'i1.:y~.

aspects were studierl f'nr these locati.ons

ii The ground acceleration of these areas arp.,dp.termined from

the 'acceleration attenuation curves shown in Fig. 2.5 and
rig. 2.7.

iii



CHAPTER - 4

to

of

of

of

Hre

nf

The

the

soil

a.nd

SO] .I

salient

include

list

On

propert,ies

par'l""s

earthqual,e

A

Ppnetration

t:.rRnsmission

their

density.

soU

avaU abl",

necessary

characi~er i s t ias

rl iscusserL

liquefaction

Standard

region.

The

Ne11r.ly "a]

soil

the

e"rthquake

the

for

'l'ectonicalJ'y n()tjv~ regions

It has been show that in order

Fig.].].

i.ncluding physiographic sub-regions

Probahle

in

history

,chapter

stU(i.ied and i;1,lla:Jysed from

ttlese soi,ls are also

di.scussen.

re~uired to study soil
~' '.

.such as vOl.d-rati.n or rel.ative

thi s

chapter-2.

sh O\""n

have a,lso been llrovi.ded earJ.i,er and

formations

2.2 shows th<-lt l~h(~ eastern and ,norrhern

IT'

have bf::en sll'b,jected t.,o rnor'e structut.'al mod i ftcattofl

In

earthquake

liquefaction potential of a region we need to know the

and

"reports.

have .been

j,nturn can hp ~orrel.Rtprl fronl thR

of H.hov(~ stlldies ticlucf'nctinn pntRntia:J of some arRas of

properties

the

Figure

discussed

predict

characteristics of the" geological. formatjons,
and

geological

Bangladesh

mapped

charactdristics

EVALUATION OF LIQUEFACTION POTENTIAL
4.1 Introduction

~1etllods for evaluHt.ioll'of J"iquefact.ion potent:ia. ..1 havp. been

characteristics
soil

later

val ues ..

hazards
physiographic sub-regions likely to be subjected to

boring

charactel'jstics .ifl

hH s.i s

Bangladesh have been predicted._

4.2 Structural forces affecting Benga1 Basin

Bang]adesh
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In

the

13as-j n I

loJ 'j f. 11

f'lllllLH

p.chelon

The most

,.

rp.latjve

produce

t.n

Sh! lIang

The ~ylhet

.IungJ 0..

to

Sylhel;

l3arinrl ,

S1lrfnef~

of'

secondary

f'1or'gan and Me I,n t i f:'f~

echelon faulting.

Madhup'lr

aJ.ong which a coupJ.e, js

through

'fhis theory is represpnted in

'ftlP 1:wo RIJbsjdi.ng areas are marlred in

notl1bl(-~ subsidence in

side of the tilted

The s0cond theory ,.spd to pxplain echel6n

reSlllt 1~hat. a TllJmber ()f

to be reJi eved

torsion or \~Hrpihg of a slJrface

i s

lJIar-h,ed by f't'1.lCLlleing' \.jh'j'ch l-JouJd

west

effect of such f81.1t at dppth is rpflpetpd by a

the

Itl Bar}g].ad~sh a nla,jnr rlel.taic sedi,m~ntary mass is

tend

1'hj.s has l)een dj.scussed ifl artj,c],e ~.~.

the

The

"hieh are not subsiding and may be rising slightly'.

These stcructural phenomena and a general subsidenep of

'olith

mapped are located ,north of the Gang~s River.

to

Iolould

i mpress'i :'(-~

folds

flanking

addition. therA

faulting,

the del1.u,ic plu ..in are Lo 't)(.~ irJL(.~r,.(-~.lnLf~d.

Hills.

first "assumes a nla,jar fatllt at depth,
acting,

faults developed at the surface.
Fig-4.l.

uplift of the Tippera surface and recent folding of the l'ripura

(l959) proposed two thpories to explain echelon faulting. Thp

7..0ne of; t.J'ealiness B't. the sUl'facp shohTJI b.y the pa-i r of dotted

] ines. Consfderable evidenc" suggests the presence of ,such 8

t 7.0t}(~ ('if weal,nes's' pH.Rsi ng bpt\-J(~pn tIll~ Barj nd and NadhlJpur

pleistoc~ne inliers.

tear faults.

faulting demands

subsiding.

Basin is also subsiding.
I'i g. -/J. 2.

Barind

southeast,

SlJch l~arping could reS1J]t jn R large are~ sub.jectpd 1~o.1~orsion~

Krishnan (1953) sugge~ts that the "Astern ~idA of the

"hieh

Plt\t.f~H\l 'may
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or

of

in

of

T/l('

WH V(~H

Sylhet

fo:lJO\<;;

presp.T1t

Sh i.llong

south-

LhFlt t,flP

•• zone

hist.orical

ear thqual< P.

the

att,empted.

\",hich

of HeaknesR".

~: 'j t,!l}~tpd

analys'is

Bhn i rn bbazn r,

necessary

the

,-1.I'e;

r'la tJ I v j hn zn l' .

"zone

are

from

facing

1'ectonically acti,vB

.<safe from

in

BlJ L flO (-~arthqt1al{p.

Sarai.l

Therefo"rp.1

, .

,JaIlIUIIH.',' '::'E~1~dllla M('~ghnn ri.v(~r
. ';H::i"

:. ".':.;,t, .
Nclntire':0959), it can be

':',

.Th'e north-eastern region of

of

lying

cnmpressi,on across

potential

7>onp

interferenr:e

of' th e

Hobigan,j,

Lh po :'l'h( j Vi': P 11-.1CAS

BRng.ladesh an,

Prpvinll~ly. 'iL has hppn said

the

of

'1;0' Norgfl.n and

1\ I I

trencl

genera]

only

B~ng:ladesh is fairly

potentifl.l of the said areas are

for

liqueffl.ction

Sherpur,

of

The

regjon

\0region of Banglfl.desh.

that

of w';almess" points either to a subsi:ding trough

of

to the south-western region throl.gh this

that

and Nuktfl.g~cha Bre fl..lsoimport.ant places in
conc.-:;pL~ .

is li.abl.p to severe pa~thqllakp damage Rnd

part

named

f~V irJehce

Sylhet is a important plRce on R distri.ct head q••ater.

could : ha,"e' a c(jmponeTlt. along the

" zone

Study

liquefaction

Nonno- bn r~J"agp

other

approx'j Illr~l:,ely YL{hf~
. :""1;

A;]~~~{;i';,g
inferred

system.

Basin

to a single major f'aul.tat depth.

This

Bangladesh

records

"Bangladesh }las all (~al.tllqUHI{(~ errt~~(~L~

Heah:ness" .

Plateau

western

are likely to be transmi.tted from this northeastern region of

damages a.nd therefore have belOn excluded in ;this st.udy.

4.3 Areas Selected for Analysis

p.8.rt:.hqll::d\(~ pronp. t1 r'(~n,~.

north-e8.s tern

region.

The

Upazilla

Narsingdi

political

north-efl.stern

soil
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Fig.4.3 : Locations considered for Liquefaction Potential Analysis.
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of

soil

this

have

basin,

contajns

V8rious.

j n

Moreover,

region.

boundary

of

compacted.

fairly safe
ahont

Based on the

from

Sylh"t,

thp

more

sediment

reported
of

collected

c haraC"Le:r isties

.r(~gion have he en

are well oxidized and

said a,reas are

that

soil

the

of

The

shows the typical boring logs of this

sediments

of

has been already discussed that the soil formation

figure bor'e-Iog A is repr'espntative of

It

it; has been seen that the p.lelS"i-.Qcenp.

S,ylhet Basin

ThR placeR that are taken inl'.o''''')siderabon for' li.'lllp.faction
potential analysis a~e shown in Fig-4.3.

this

)'e t

Bengal Basin consists of two principal deposits the pleistocene

and. recent. flood plai ns. The physiographi.c distr,ihuti.on of

thes~ deposits are shown in Fig-2.3. It is very "difficult to

seperat.e these formation on thehasis of grain size analysis.

very fine grained material than ,recent.floodplains.
PleistocenR

Since the south-western region of Bangladesh is

from earthqu~ke, hazards, no investigation

4.4 Soil Characteristics of earthquake Prone region of Bangladesh

characteristics
dissertation.

Madhupur Jnngle ~nd Ti,ppera Surface of North-Eastern Zone

heen gen'eralized on thp. basis of "vaiIahlp. hOrin,rrlogs.
boring .10gs

organizations and these are shown in Appe.ndix-A.
analysis_ of boring J.og

S
,

selected zones can be sunlmarized as follows.

4;4.1

In

betweRn the ~la(HlUIll.'")iJe'islcc""oneand the-SyJhet bas:in, bore-log'

B is that for the central portion of this basin and hare-log C
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in

bas.in

fine

fl clH,Y

hasin.

(Morgan Find

The .increase

th" ~ladh"pur(J9.'i9),

l'he sand layer ,just below

Due to the tjJt,

Generally the Sylhet

1'hesp water contains

The N-values of this sand

innundated by stagnant water

thr.ee types of formation CHn_ be

a s.i"lt ann RR.nrl Jayer Fl.rp' found nnd

4.5 riips to"'Rrds th" Sylhet

Due to this subsidence, the central portion

and then later compacted

in Fig.

sedimentation of these f.ine particles resulted

1959).

depressed areas were

The reason for tflesp

ft. i' duri ng the la.st sev(~ral hundred yeArs

Acc6rding to ~'organ and McIntire

The soi', prof.i]e ,"r this basin ill the "ast 'vest riir"ct;on is
ShOl..nl in Fig-4 ..fi. (a).

' ,

interpreted in the following way.

was covered by piedmont alluvial fans, bllt it was subsidded 30-
,10

of the hasin transformed into a depression calleri heel or Haor,
these

particles,
collected during heavy rainfall.

clay formati ons at th" top 22 rt and 'j s ShOlm in fig-4. 5. The
r"cent depositions of clay a~e soft.

the clay layer iin fig-4.4, bore-log 81 were prohably depositeri
before subsidence,

in N-values (J ",ith depth and high N-values of this ri"posits
indica,t~'1:hei_r deTlsP c()nriitioTI.

pI"ist()c~ne, tiIted tOlvards the east.

Above t~hj s clay (orillA. t i Of I ,

thj,s layer are of recent dpposi,ts.

layer are found to be l"ss than Ihe sand layer represented in
fig-4.4, ,log n.
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has

of

plain.

ThRt

th (-~

Sylhet,

Fig-2.2.

indicating

In

flood

of

j n

I)iffr"""ntial

lot-i

rivers.
th", lev,~J

iquefactj on. and

lflyer which

fig-4.4 in bore log

cnnsiderah)p.

sand J.ayer. are' very

55

1'he p.Jeistocene sediments are flood-

d(~pos.i.l.s lIJay undp.rgo

low hil.Js in the district

by

lllvest"iga,ted .for .liquefaction possi.bility,

Dina,ipur,' Plymensingh, DhakR and Tangflil and

r'eeent oI'ig'in and 'r'f~f.ddeR h'.ithin th~

margina.J

.12 feet of

follOl;ed

Ba,r'i nd t

Bogra,

extJent" of l'IFldhupur PJe:i,s1.ocene .i S ShOt.Jfl

of

is

condition.',' Th",

the

The first 42' feet sflnd lrryer shown in

Ilotn ill:v

is

upper

basin on UI(" east and west along the northeast and 'west

The

of

c

This

consolidated flnd subsided with time. The sand layer \,nderneath
' .

this clay layer WflS alluvial deposited and is well compacted~

The N-values of this laYer a"c, ver"y high. Bul',U1P N-values of
the

.Loose

therefore have l;(~ell

The, pleistocene fnrmed terraces and inliers in the districts of
Ra,jshahi,

also formed

Comillaand Chittagong.

4.4;2 Madhupur Pleistocene

,.

plain deposits of'earlier Ganges and BrRhmaputra

1~hey occur in sever.'a . .l p-xLensiye ;~,reHS ahove

present flood plains indicated that th'.r",has been differentia.J
movement

reliefb",tween pleistocene and recelll;floodplains is extremely

variable. Where fault scarps OC011r, as a.Jong the west flank of

the ~ladhupur .Jungle and around the I,almai lIi]]s, --t.here.lief is

obvious. Where the Gar'ges Riv~r flows close to the southern
end

pi n(-:(~S,

Beng"l

sides of the Barind, and along the eastern and southern side of



60

" .. "'"

33

30

30

N-Value
a IOZ03040:iO

( E)

u

20

\29

19

16

N -ValUe
o 10 20 30 4() ~o., ,

Fig.4.6 Typical Boring Logs within Madhupur Pleistocene

'.
a

10

.20

30

• 40 "J';:'.j.I
'1-1 I",.

~"~:- :!..:.-f . ' ,
~ 50 4:.,. ,",
4J '.;:~:..::I ..".', .
'tl 60 ?~.

.~ :'.:
~t.)0 , "~ ,',I,.

Cl 70 " ": ,;;e "
"'.p' ..~ : b''1-1 80 ,.•...

.cl
.j.I

l 90

100

110

120

(D)



thf-:

J.;

thp

JH

of

t.he

J t

nJay

of

sIop"s

,.

Th"

art-'

wi, th in

s id (-~

HP.st

gradational.

This clay may

This cJay

in

lH,v~r

] S

4, G ~JadhlJpur

clay

orange to brOHntsh red

Nottled clay is earthy grey

of the sand

sJ Ojl"'F:

Si nere, ~1"dhllplJrpJ P:istocpne I ips

"'he cl.a,y'is intercalated

tYP'ic"l boring

BIlL '~h8 cJa;~.: Ja.vPl' in l,Jo.l'p log

vesi.clJlar R,na contai.ns coJ.i.tes.

The Ilext siIt and ~and laYAr are

th"

M"dhupur Pleistocen~

:I n J,'j g. -,I. f-i hor'f;' log '1'.' j,s that for

is r'-epr'(~spntative of

brot.Jn and ye].l ow-cotOllrs.

Th(~

thp overl~ppjng recent sedjments.

p.l ej s t.{)CPfl(;~

shot ...

Tfdclrn(~ss of Nadhupl.lr cla,v i.s v1-l.riabJ(~ Hnd .it

log f)

1t is rnajn]:y ,c.t'if'r and plastic hIlt 08casionalJo"r-

or mottled,

mottled or red cl"y.

Fig-4,6

bore

riont~i.ning nodIJles'.

6onl~act at; places,

of the deposit is mottlSd while the lJpper part is red'and

in

reddish

either

overlap~i,ng re6en1~ Hedimen1~s.

at a',slight':ly highr"r pJ"vation Lhan th,.,'rPCpnl, flood plains,

pleistocene age-sediments are generally more weathered and Pig',

Ma.dh,upur jungle.

ranges from a few feet to more than J06 feet, The formation is

J06 feet in Dinajpur, 54 feet in' Paharpllr (Hajshlih,i and JOO

feet in ~ladhupllr'area (~lorgllriIV.NcTntire, J9:;9), Th" lower
part

yellow.

~ladtllJpUJ' r)]_ejsto(~prle.

central 'portion,

gradualli beneath

feet clay layer shown J,n bore Jog D in Pig,
JS

recent deposits.

indica"Lirlg .lOGSf:' c.:ond,iL"ion.

in Fig. 4,6 is the ~I"dhupllr cJay which is stiff.
be

Hith patches 'of red,

stiff,

of the sediment with the overJying red

The coloGr of red cJay varies from red,
to brick red.

vesicular
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J ll~Vf"r'

t.he

fi nF~

nor'l"",h 1

of

.•

Tippera

Tipper-a

d I'a ina.t!;e

19"9).

formation.

cnntrn,st

surface,

j n

1.11P .,.ippe r'a

In

profile

Hell-developed

streams

log

inrlj.cating that.

addition

r"-'Ic]nt'j ,"'e,

a

the

Tn

The soil

01"

"'ilP snnrls nrp of"

displays

The N-v'a./.llp. o"f thp. SHflrl i.B,yer is

plain.

A typj.c~l boring

slight uplift of

.This C'ln,\' I,I\~VPI' "ips nfl Lhf' Rl'Ind

surface

f.i.ond

!llod j ("-j r.~at ions

sho'h'S

arp. n ff-;H' smaT.! m(~:1nderi ng

~:;iIL and ('~I;\.v.

AnlOl1n1; arid nature of 1JIlJ.i.ft are not precj.seJ.y

recent

it :is of, l'p.c(~nL orig:in, the surfnce :is. aJmost,

4.7

suggests

CtllLU1~Hl.

the

B,YS tern

l';.i !:h

the Tippera

Tippera surfaoe is the reoent flood-plain

()n aerjaJ Ilhotr)gJ"aphs or detai.led lnaps, the draipage

displacemf~nt. H.long thp hord{-~r:i ng fall' t to thp

Figure

.is reddish. in Co"lo.I,lr'.

rneande.:r'inJJ' strellm's of thp. Barinrl'Plpi.stoc'(~ne

of

containing ".dense condi.tj.on.

The

evidence

the

Hhioh

high

4.4.3 Tippera su~faoe

All
surface. :

system,

and oxidat.:i.on oj" serli ment.s all ind.icntp that,surface has been uplifted dur'ing recAnt t>.lme

Nolntire" 1959).

sur.Face.: S.ince

~lad,lJupur plejsto(~~ene in ens"':.-hIPsL dir"p.c:i'.-jon "is SIIOh'l'l :in f.ig-/l.f)

(b) .

covered by a sarlO deposit, h1lt irl some WhRre thi.s sand depOSi,ts

variety."

1lI:i Xf~rl

system

.rectangulRr pattern.-in contrrl:st-. to thp hrairl'ing I'ln'd mel1nrlerin~

pat.tern: of
I

rectangu.lar

to

these exhi bi t numerol1s- cutoff and oxbol" ] akes,

l:he deposits a,rp J.~AS cnnsol.irlRl~erl (Moy'gnn &

The N-values obtained for t;his surfaoe are low indicating their



Fig.4.7 Typical Boring Login Tippera Surface
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The valli'"

the modffi.edHence

JIIeR..Rur.eciis th",N,

prop(~r1:i e~ and thp. F:ffp.r.:tive nvp.rhl.lrnp.n

resistance

ft. "'he vnJ.ue of NJ f'or' any sand cnll bR rletermjrlPn

correct:ed to an effecti,ve oVerbl1rrlen pr~RSIJrp. of

meF.lRur.p.rl valup. N rrorn.the re]ation~hip SlJggp.stP.rl h.v

Modification of Standard Penetration Values due

Rigure 2.9 shows the relationship betwAen cyclic' stress

4.5

~atio ahd the modified penetration resistance Nl Wllich relates

to condi~ion for l.iquefaction fbr .a soil. This reflects the
influence of soil

pressure ttlat nlay create liquefaction.

.Overburden

penetration

N,=C.N

North-South direction is sholJll 'in fig-II.;' (c).

resista.nce
ton per sq,

from the

Gibbs & Holtz (19;'7),

the dep~:h t"here the penetration t(::!st '....as conducted.

of C. can be determined either by the reslllts presented by

Gibbs arId Holtz (19,,71 (H' N:'lI"CIlSOIiand IliegallolJsky (1977), 'I'h,-,
c.,art f'.:,'rf-,I,,,, \.'al.'lp._(.,1' (~," ,'~ ~h \'n'l"n '''.,""'1 0 I hl" h lOS I) d 0- - • • ~,~ 0 Y . '. ,., - ." ., __ I:' '. as e n

studies I:'onducted at the waterways Experiment Stati.on (Nercuson
and 8ieganousky, 1977) and collected by Seed (19HO).
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by

t,he

of

the

B.re

and

from

HSBPssed

mH.).: i,mum

:is the

and

be

hasin

so.:i J

"Lh (~

P.pcentreR

deterrnj n in,g

am a x,

and

fjgurp-2.5,

The

BengaJ

from

Nethods of

Nntv

IJrlder consideratjon,

of a soiJ tayp.r can

llS.i ng j n f~quat.j on G. f),

it is necessary to determine

J,nOh'rl .mR.~Jlj tudes.

that oCcIJred arOl1nd
/\f1,1:1'~ t""H.(:irl.f.!, the (l'jRtfln(~p,

Potentia}

of

Thf~ terin r tl ,

First .of nIl.

stress ratio of any J.ocatidn .oan be determined

that soi1 format.ions
t

the horing log in SYlhet is 28 miles aparl

l'he average value of r. can be evall.ated upto 4()

earthqua.kes

The maximum ground surface acceleration, a ••• , can be

for

epicentrp.s

the

~alue of maximu., aeceleraLion ill cohesionless soil

Liquefaction

in fig-l,2,

cyctic

l' a v a max (Jo:: 0.65 ------ rd<J'~ ,g era

This equation requires the evaluation of

of I-Jater.

example,

be determined,afCer knowing the unit weight of

4.6 Determination of Liquefaction Potential

from
rat.io

modified penetratio" resistance has been disscussed in art 4.4.
The

using th~ equation (2.5)

and rd.

eva]uaterl

in Fig.-2.5.

dJstance .between 1.hR J.ocatiorl,
nearesl:

,.

different

ShOh'fl

For
):(1'Ollllda''''eI'er"Liollon /'()<,I< Cililhi' dreU"'mined. hy Using f.ig-%,fi,

the

average

()• .l8g.

(~a.n

depth

depth faC,tor.

ft. f,'om the dasIH"c1 lirH' sh"I'n in ri,!!lI"'.' 2.11 (S'.,edand rd"iss,
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whethel'

i .P. •

plot

I ikel Y

existing

(lI.ichter

that

different

:i s

riu,ring . H:n

7 . (~

such

In Table .4.2,

IJIflgn.i. tlJde8,

liquefaction

ann lyse

sl1Scept:ible

t:.hp, Hl:1X i.-IIlIJrJI 1 :i}lI.i L

tub" f-'!' [)

MalJlviha7:ar',

The N-vaJlle

to

depths. This analyses

4.4 & 4.5 'fable 4.1

case,

are

formation, thc:~.se .va lUAs may

magnitudes

,1 •. 1,

4.4 & 4.fi.

the formation

a,re used

'I'h(~l'(-~f'orp,

reverse

The location of

11 • 2 ,

it can be interpreted

'under'

4 • :1 ,

and. San,i.l

table,

earthquake of

Bangladesh

For example, if the point is located above the

figur,o' ,1. g.

of

this

at the nearest epicentres.

l~tlR soi,] wil.L Ilnrlergn li.q'Jefnction

bore logs from seven locations within the

if an

in

j'laulvibazar.

qualitatively whether

to liquefy where in

From

After determination of,cyclic sleress rati.o and modified

or

region

of

is

occurs

the liquefactior, potential at depth 26 feet on

Typical

SlJlTlnJFI,J" i zed 'j tl Tah"' e il. 1 I

o,r less,

5 fec"t in loose rine sand ifthe eorrec;ted N-va]lJe

1982).

be ploted

ind.icate

.penetz'ation I'esistnnce,

li.quefy or not.

7

90rresponding
soil

un] ike.1;"t! to OCCur.

eastern

liquefaetion will OCCUl' Or not at sevel'al
are

shOt".s

N-value.

places

liquefaction

than 2G ,feel; l.,111S not nV:11 Inhl(,.

scale)

of corrected N-vaJue i.e N. CBusing .liquefaction at
depths are shown in Table 4.2,

the depth taken into consideration is fi feet and the water

table is also 5 feet. If the N-value of Sylhet at depth fi feet
is

(-:!Ul't'lql.lakf~

Liquef",cti on lIlayIi 1 so he o""u'Tedi n "'Jerpur,
depth

4.7 Results of Liquefaction 'Potential Analysis
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20

thRn

and

lim; t

r\1:lIJ I v -j hn Yon,~

Lesser

SherplJr' ,

'J'hp ~ max i.fIlum

15 and 8 respectively.10,

but

Sarail are la,

feet

correctr;>d

and

.NI is 7 & 1:l .resp"eti vfdy. dur:ing nn fc""":l1fjun/rreof mngni tueJ"

6.3. 1n table <I.:i the d,'pth taken ..i nteo consi.deration is J ()

these respective corrected N-value will be causing liquefaction

at depth 10 feet of the mentioned places. In the same manner,

Table 4.4 and 4.5 are listed for the maximum limit of corrected

N-valuecausing liquefaction for the depth of 15 feet
respectj vel.yo'
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fARl,R • 4,1

Results. of Cyclic Stress Ratio to the Cerrelatcd PentrAtion Value for Different Area
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TABLE -4, 2

CALCULATEDN,-VALUE CAUSING LIQUEFACTION

AT DEPTB 5 FRET

(Blow, /ftl0 , , , ,
,

0 , ,
0

SI. 0 Location of 0 Appro> Depth taken , Depth ,
H,gni tude of a III on: a III on 4/00' : Hili liait for/N,:

, ,
0 ,No, 0 Bore Whole. , Lat. into , Water ,

Earthquake Rock 0 Sand value cau,ing

, , , , ,, , Long, consideration- , Level 0 of Nearest ,
Liquefaction

, , , , ,0 , , ,
epicenter 0

, , , , ,,
0 , , ,---' ,

'-' ,, , , ,, , , ,I. , SyJhet , 24,B9 • 5 , , 6.0 0.2g O. J 8g D. 117 7. [I

, , , ,, 91.86 • ,., ,,,

(~)
2. , Sherpur 24.63 •

o .28g 0.24~ D:~ '!~

- ,,
" .J

, 91.70',,
3 . Haul vi h"ar

5 6.f 0 ..1g D.27g O. J 75 13.0."J

4. Sara i J , 5 5,1 D.145g c. 13g 0.084 5.0
. ,,,5 _ Bh, itab Bazar 24. 01' 5. I 11.114g 1I.IIJg 11.1119 ",1191. 42',-,

6. Narsingd, ,
23.90' 5 6,0 0.03g 0.015g 0.009

,
90.74'

7. Huktagach,
5 6.IJ 1I.05g 0.04 g 0.026 1.11

,
,,
,,
,,
,, , , ,'---'
'-'
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IBlows Iftl

,

Th/rr1J' H,,, Jimit foi/III
value causing
Liquefaction

Depth taken /le pth Hagnitude of 11 I ~I on : a B I' oninto Water Earthquake Rock Bandconsideration Leve I of Nearest
epicenter

Appr"
i,at.
Long.

Location of
Bore Whole

TABLB -4.4

CALCULATED NI-VAI,UB CAUBING LIQUEFACTiON

AT DBPTH 15 FRET
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110.

----------------------_._,-------------_._-_._------_.
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, ,---' . ,
---'-----,
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,,,
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" , ,, , ,, , ,, , ,
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,

,,
,

,
,,
,' .
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TAm -u
CALCULATEDN,-VALUE CAUSING LIQUEFACTION

AT DBPTH 20 FBBT
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, , , , ,
, S1. ,
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, , , ,, ,
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, , , , ,, , , ,
epicenter ,., , , , ,, , , , ,,--'
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7. HuHagacha , . 20 6.0 0.05g 0.04 g 0.041
,,,,

,,
,., ,

, ,'--'-'
'-'
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are not so vulnerable to earthquake effect.

first choicr~ hp hns cll.l.C".:ldAtP. the stesses

of a soil deposits on levdl ground due to earthquake

From the historical background of earthquake

the Bengal basin and it's surroundings, it is

has

this study an attemtpt has been made to summarize

laboratory

state

.i s takerl to P'\"a. J Ilatp t',hp Ii C]IJp.fnct i on

with

g ,"'ound

places within north eFlstern places in Banglades~.

choices
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Since

th (-~

For the

5.1 Conclusions

current

potential

shaking.

hazards on

int.erpreted

Bangladesh

attempt

ellA PTElI, - "

possibility of some locations within the north eastern zone of
Bangladesh.

It s~ems that the design engineer confornted with the need
to evaluate {he liquefaction potential of a deposit has two
basic

Possible, effects

cyclic .stress appJi.c~ti,(lr)s.

1 )

response analysis or sirnplified procedures and to compal;e these
stresse'

represen~ati,ve samp.Ler i,rl the l.aboratory.

procedurp.

several
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ThesA

knOhln

lOl-J ,

if thA

4 • :l ,'- 4. 4

lower

earthquake

it. can. be

Hhairah-bazar,

Liquefacti On,

feet during an

Najor

the place ShArpur,

regj.Qn are of recent

thArefore, be liquefied at

Naulvihazar

'f"he maxinllJm Ji.mits of corrected

The I'esults of the evaluation of

If the distance of allY place

fine sand.

From geological point of view the

Similar way,

int.o consideration will

RIll. if the N-value is too

Sherpur,

tahen

On th~ basis of these analysis,

"

Sylhet,

The placA Sylhet may,

that the place Maulovibazar if more suseeptible to

containing loose

feet d"ring an earthqua~e of magnitude 6.0

of

then equation 2.5 shows that the cyclic stress rati.o of

respectively.

this prncAdur'A, thA .Iiquefacl,in" poLenLial of any plneeR 'lillYhe

AvalllatAdfrom the field perletration rAsistanee valllA and the
available earthquai{e hi~1:or'y'.

liqu(.,fnction potentinl nre sUIIllllari7,edin'Tahl,., '1.2,
and 4.5, in previous chaptAr.

N-Value i.e N, c~using liquefnction at di.fferent depths are
shown 'in different tnble.
places

Nuktagacha within 'the north-eastern
depos i.ts

ApicAntres are alRo [ocatAd witlli'l north-ABstern rAgion of
Bangladesh.

depth

corrected N-value is 7 or lASS and also' 1 iquAfied a1: depth TO

feet if the N,-value is 10.

Naulvibnzar may be li.quefied at depth,

earthquake of mag" i. tude fi.:] i('til'",;orrectAd N-vaJ "e is 7 /lnd

interpreted

13

potenti1'11is, therfore, dependant on four major factors.

are the field pelietl"itiG'")"(":.;i.stance,Nagnitude of earthquairAs,
distance of' the piaCA undAr consideration from the
epicentre and the water table.

,liquefy, than the places of SylhAt and Sarail.

from the known Apicentre is longer and the watAr table is
lower,

that place at ,dApth

-indicating no li<1uefFlc'tion.



The liquefaction potential measure has be~n carried out only

on the basis of correlation be~ween the cyclic stress ratio and

result of 6yclic triaxial test. resuLt done in lahoratory.
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thlO

nnd

lique

tal,lOn

sand

This may

liquefaction

f"~Pj Cf-:n I: r(~

if th" placlO

1'he cy(~l,j.c stresR ratjo are

correlation,of

] n 0 t:her CH.se,

if the soil is very loos" fine

basis

Hvaj Jllht(-~ HtLl".~tll1at.jon C~lJt'.V(:~S.

estimation or under estimation of

i.s VRT"Y cJo~e to I:he known

t.heon

will occur.

it is hetter to varify the correlated results with

establish a bet.ter judgement on li.qlJefaction potentilll on

5 feet or 10 feet,

consideration

Therefore,

to

liquefaction

water-tahle is high, the cyclic stress ratio automatically will

be higher causing liquefaction. But thlO N-vaJue of that. placlO
is too :high i .e. d~nRp. condition, the place does not undergo

liqufaction. Therefore, from the result of liqlJefaction

analysi~ it can be interpreted that the place of Sylhet,

Sherpur; Maulvibazar and Sarail may undergo liqlJefaction at
depth

under high water table.

5.2 Recommendation for Further Study

the mod\fi.ed penetration resistanclO.
u] so cOJ'.r{~latp'{j hfi th 1"./IP

, .
some .ti~es either j.n over
factiOn potential.

potential measure may eithlOr in overestimation or underestimation.
So,

any site,
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APPENIJIX-A

BWDB,

boring

Insti tut,ion,

Now from figure 2.5

B group of soii

the basis of these re~reseniativeOn

Prom Fig.-2. 7 the maxm aCCf,:.1e.l'Rt,ion ,on

= 2.12.16' ksf.

table at 10 [t;.

/

eTc = 10s]20+16x57.6

liquefaction pot~ntial analysis was made by using the

The distance of the boring log from these epicentres

in ch~pter-2) the acceleration on rock are a.J8g nnd

16 miles and 22 miles respectively.

north-eastern region of Bangladesh,

logs are collected from River Hesearch

respective districts.
samples;

The magnitude of Earthquakes of the nearest Epicentres are 6.,
and 7.6.

are

A sample calculatJon for evaluation of liquefaction Potential

method suggested by S~eed and Idriss (1982).

cohesion.l~ss Soj} ..is O.f~!lt_

at Sherpur i,sgiv,en below.

CLACULATIONS FOR EVALUATION OF LIQUEFACTION POTENTIAL

boring logs are taken as a representative sample of the

For investigation of liquefaction potentiality of soil undei

Dhaka, These boring logs are shown in fig.A, to fig. A'2' These

()",~51) respectively.

(shown

Assume the watel"
--~-'.'~'"

NOh', a t(J26)f't:.
\~~:2)/

and N - value at 26 f't. = '12
~i;'"

From ,Fig-4;Y- the Fa]f.le of eN' = 1

Hence N1 = CN.N = ]x12 = 12

From ,Fig -2.11 the value of' I'd = 0 . .93

CALCULATIONS



I
I

, ,. d

xO.93

these. ep.i cen tre~

26xl20
------ x 0.93

2121.6

g

11 m II .r

g 212/.6

O. '?,:ti.rt 26x 120

Therefore, from Fig -2.5, the

= t}.6fi

;: (J.B5

= 0 ..93

g

am a x. I

I'll I'

= 0.65

0.27g
= 0.65 -----

g

= 0.24

Calcula'tjon for evalllEltion of Liquefncf;jqn

curve

liquefy.

The distance of the boring .log from

just bel Of'; the

The qycJic stl'efiS l'utio,

Another example

are 9 and 14 miles respectively.

and 7,6.

,,~ q

= 0.~~>3 cond.t'oll ('n .E:_-._.'-g---_4~_.,:.~.,~I.~;-'.~_For N, =12 and cyclic stress ratio = 0.~/j3) ~ ~ ~ ~. ~~:~~
,..... _"..••-,-/. '--'L

Hence ,w_ithamax =O~&g"fh-"" ~

sand f.;ould

plots

Potential at Naulvibazar.

acceleration On rock are O.3g andO.36g respectively. Hence From

Fig-2.7 the ma"111acceleration on cohesion18ss soil is O. 27g.

Assume the ~Rter table at 10 ft.

The magni tudes of, earthquakes of the neares t ,epi centres are 6.I'!J

/

Now, at 26ft., c:fo= 10x120+16x57.6 = 2.1216 ksf.

~~>\,
From Fig -4-.8~',the value of C. = 1

0Y
Hence N, = N.C. = 10.1 = 10

From Fig-2.11, the value of r.

The N - value at 26 j't. '.= 10

The cyclic stress ratio,



= 10 and cycli..c 81.1"""8 ,'ul.:;o 0.21 cond:Ction p.l.ots aboveFor N1,

the curve shown in' Fig ~4.1for M=7.6,

sand would liquefy for M=7.6
hence with amax=O.27g

~.'

1--:

\ /"'<;

t~'".
,



of the calculation are shown in tabular form in Table (A-I)

are made in Manner Specif; ed -j n 1eh" Expamles. The various steps
Locationfor Liquefaction Potential fbr Different

TABLB A - I-

,

Various Steps of Calculatioa for Liquefactioo Potential Analysis

Calculation
SUMMARY OF CALCULATIONS

: Soil condition at different plnce A, - A, A, A, A, - , Au,:--- .._-----------
I,,

Step of calculation
0

,
,,
,I

0
,
The magnitude of earthquake - 6.0 q' 5. I 5.( 5.1 , 6.0

,
,,

of the nearest epicentres 7.6 .7.6 7.6 ,,
,,,

------Distance of the boring log fro. the: 141Jilesl ] 811 iles : 26.ilcs: 48.il" 32111iles: 640il" :nearest epientres ,
I9liiles: 43.iI,,: 68.iles , ,, , ,, , , , ,, , , , ,-, ,- , ,, , , ,The 'an accl. on rock taken fro. 0.2 g 0.29 g , 0.04 g 0.02 g: . 0.04 g , 0.03 g ,, , ,Pig. 2.5
0.30 g ,

0.1~)l 0;04 g: , ,, , ,, , ,,
,-----,

The 'ar. accl. on sand (taken froo n " , 0.25 g 0.151 g 0.04 g: 0.04 g 0.03. g
V. 1')

Pig. 2.71 [) ,,, -,,,Depth under consideration 51ft 10m , 26ft 26 ft , 26ft 26 ft, ,, ,,
----,Oepth of Water • Tahle ,

10ft 10ft 10ft 10ft , 10ft 10ft
, ,, , ,,

.__ !_~ ------, -----Valu. of tr.> , 3.\~K,f: 6.6144 : 2. 1216 2.1216 : 2.1216 2. 1216
,, , Ksf ,

Ksf K, f Kaf K,f
, , ,, , , ,, , , ,,

Value of r, (Fro. Pig .. 2.111 , 0.70 0.50 , 0.93 0.93 0.93 0,93
, , ,, , , ,
, , , ,, Cyclic ,tre,s ratio (u,ing equation: O. 1436 O. 1533 0.1(33 : 0.0355: 0.0355 0.026 ,
,

,, 2.51 , , ,
, , , ,, , , ,
, , , ,,
H.value at the depth under 32 52 16 , 17 23 28 ,

,
, ,,

consideration ,
I

,
, ,,
, , ,

,
, -----, -'

, The Corrected -H-value i.e.H, (Prom 22.1 24. 41 16 , 17 23 , 28 '.

,
, ,, Pig. L8) , ,,
, ,,

,
,

,,
,,
,,

Criteria for liquefaction or non- Hot Hot ::=> Hot Not , Hot
,

,~ .~ ,,
liquefaction condition IFro,Fig.U liquefy liquefy liquefy J iquefy liquefy , liquefy

,
,,
,----- .

\.-

-----------------
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