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ABSTRALCT {‘ﬂgi

Thisg .study is aimed at dealing with the dual ourpose of,
first, providing general understanding of the soil'profile in
regard to its physical properties and engineering behaviour

and second, presenting a general recommendation on the cons-

+
i

= truction of foundation types for various purposes in that .
coastal region indicating future developments that can reason-

ably be expected from other investigators in the field,

Useful data oﬁ the type of soils encountered for various
Government Projects in the region have been collected from
various sources like Consultina Firms, Government Uepartments

* - - *
and others, In addition, it contains test results on some soil

samples collected from the. locality and tested by the author

to ascertain the range of validity with. others,

The soil profile of the coastal region. contains deposits .
of cohesive and non-cohesive materials and also a combination
of them in varying thicknesé, texture and drainage character-
istics, The upper layers of the deposits are composed of silt
clay soils and possess relatively narrow range of particle
size, The underlying strata of the deposits are usually silty

sand, Urganic materials mixed with particlies ranging from clay

size to sandy size are occassionally present in many locations
witn relatively higher compressibility and water content, This
type of soil material is generally soft and liable to continue

settling for a long time due to the weight of the foundation,
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in this study, the soil properties such @s consisgtency,
natural moisture content, gradstion, compressibility and -shear
strength, have been analysed for their easy identification, and
to mnake general recommendation of the foundation types in the
area, Semi-empirical relationships between fhe_parameters like
compression index and ligquig limit, cumpreésion index and
natural water content, and compression index and initial void
ratio, héue been suggested, The value of compression ingex CC
furnishes the ultimate settlement of any foundation caused
due to the primary consolidation'of the soil layer, Hence,

the use of these semi-empirical equations will be of great

-

importance in the foundation design,

Foundations are usually subjected to attack by the aggre-
ssive compounds present in the soils in most of the locatians
of cosstal belt along the shore of Hay of Hengal, Protective

measures are desirable against such actions,
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CHAPTER 2

REVIEW OF LITERATURE

E
e

2.1 General

50il is the olﬁéﬁf'aﬁd.undégirabla.foundation materials
which needs elaborate iﬁv;étigétioﬁs. If the history is traced
it will be seen that very.little attempts were made to deal
with soil probiams oﬁ a séientific basis until towards the
beginning of the 20th Centﬁry, when a major contribution was
made by a dweedish soil Scientiét, Atterberg(T), He was the

first to propose the different stagés of consistency in which

a clay soil may exist, depending upon its water content,

In 1923, Dr, Karl Terzaghi{a) published his theory of

consolidation for dgtermination of the probable settlement
under the load, His contribufiﬁn.was universally acceptea in
the teeth of apposition from engiﬁeers who did not then velieve
in settlement at all, Lster Proctnr(g) (1933) made a very
important contribution on the principles of soil #ompaction
followed by many other scientists of different countries

of the worla who cnntriﬁuted significantly'to the develop-

ment of more soil tests in order to measure definite engin-
eering properties tathér than theoretical constants whose

significance was considered by them somewhat obscure, Theirx
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extensive studies have since laid noteworthy landmarks in
the determination of physical properties of soils including

4

their enginaering propartieé.

In Bangladeah many lndLVIdUBl studias have recently

-

besn made by many government departments, autonomous organi-
sations, and consulting ;1rm5lon the soil aamples collected
from different project lncationg fnr individual structures,
and analysed their phySical propertlas for successful imple-
mentation of their engineering projects, Most of these infor-
mations and data were cnllected, and studied for gensrali-
sation by ihe author in the context of this thesis work for
the benefit of the foundation engineers so that they can

have a generslised picture of the entire area before making

a decision on the foundation type suitable in the locality,

2.2 Determination of Physical Properties

The properties of soiis that are of primary importance
from a practical point of yiaw are gradation.cunsisten:y,
permeability, ;omprassibility and shear strength,i

The various factore on which depend the behaviour of
soilsg are particle size end shape, water cuntént, velid ratio,
structural arrangement of particles, degree of saturation,
degree of compactness, and presence of organic matters,
Discussions of these properties and factors affecting them

in the context of goils of coestal areas of Bangladssh will

comprise the major portion of this thesis,




15

2,3 Determination of Grain Size Composition

The size of the grains of poil is one of the factors
foecting some of its physical_pruﬁartiea of direct importance

v ¢

to the engineers, such aé cohesiun,Aand permesability,
Greater cohassion is cauead by small grains and openings in
a s0il because of thozr 1arger total surface of contact

between the more numerous amall grains, Therefore, identifi-

cation of their grain ptuperty is very important,

Grain size analysis ig done for identification and
classification of éoils. It is done to determine the size of
the soil grains and the percentage by weight of soil particles
of different particle size comﬁriging a soil sample, Depending
on the type of the soil, and the axtent of particle size
distribution requiréd, either sieve analysis or a combined
sieve and sedimentation analysis is done, The distribution
curves obteined for finelgrainad aoil are only "approximate"

{10)

as its accuracy is more questionabls than the accuracy
of the curves for coarse s0il, Ths soils of coastal areas of
Bangladesh are mostly fine greined cohesive soils, and &s

such much stress could ba given on the geological history

and structure of the cohesive soil than on particle size,

10). . . .
However.leb‘ mglntalns that the particle size curves,
particularly those of sands and silts do have practicasl values
in splte of their serious limitations,

The character of fine grained soils depsends chiefly an

the finest 20%, The values of effective grain size which is




(11)

the fine grained soils and Alen Hg;an'e uniformity co-
efficient ‘are utilise&'tﬁ E;press ;ﬁe grain size character-
igtics of mixed grained natural unila. A soil hdvlng a
unlformlty cuefflcléat';ﬁaller than 2 ig considered "uniform"
and "graded" if tha valua 1; betuaen 2 and 6. The soil is
termed “well graded" if the'unlform;ty co-efficient is greater
than 6 for sand and for silty sand, A well graded soil expe-
rienées less breakdown than aruniform soil of the same particle
size, since there.ére many,interpafficle contacts in a well

graded soil, and the load per contact is less than in the

uniform soil,

2,4 Uetermination of Soil Consistency

- The consistency refers to the relative ease with which
the soil aggregate can be deformed or ruptured, and to &
large extent it is related to the moisture contant,Atierberg(lz}
first demonstrated the significance of the consistency limits
known as the water contents at which the soil passes. fram_
the liquid state to the plaétic state, and finaiiy;tn the

‘ |

solid stete.

3
Scott(l )

termed the water content of granular soils
relatively unimportant, He found that the presence of Qater
except for its influence on the unit weight, affects the

behaviour of the soil under stress to a negligible extent,

The so0il material when subjected to shear stresses

under load undergoas a certaln degree of deformation, to all




intents and purposes immediately‘without any further movement,
and the deformation continues in time following the appli-
cation of stress. If the .soil material exhibits the first
property at any meésurable level of stress, it is consﬁdered to
be-solid_ On the other hand, it can be called a fluid if;

the Fubstance behavas according to the second property,

2.5 Soil Strength ag a Measure of Congistency

The s0il resistance to deformation changes with the
change in soil from ons state of consistency to another, The
deFormaﬁion results in the development of stresses in the=
éoil underlying the surface supporting the structure when
loaded, but the calculation of stresses developed under

varying load conditions is difficult end inacuratse,

The resistance to deformation is very impertant for
thé design of foundetions for buildings and other structures,
it has been quentitatively mé:surad in terms of unconfined
compressive strength, Accbrding fo the U,5, Practice(la), the
quaelitative expressions for denoting consistency of fine

grained soils in the undisturbed stete and the corresponding

unconfined compressive éfraﬁgth are given in Table 2,1,

Table 2,1

Soil consistency and unconfined compressive strength

_Congistency Unconfined compressive
‘ strength,Tons/sq, ft,
Soft p, 25
Medium/stiff .0, 50/1,00
Very stiff 2, 0D
Hard 4, Q0
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and dry strength increases with the plasticity Indax, Ip.
The soil is said to be organic if the oven dried sample

reduced the value of liquid limit by more than 25 percent,

The'study of the soils of Bangladesh made by Serajuddin(z}
revealed that soma of the récantly formed gpoils of south-west
raglons of Bangladesh are fine grained soils which plot
generally above the A-line in the plasticity chart indicating
an inorganic character of medium to high plasticity, 5Soils
falling below A~line contain conaidsrable and varying amounts
of peat and organic matter. The actuel renge of value of
natural water cﬁntant, liquid liﬁit. plasticity index and
depth of ground water conditions faund by him for coastal
regions are prasented below:

Tabls 2,2

Range of Values of Natural Water Content, Liquid-Limit,
Plasticity Index snd Ground Water Tablg,

Test zone Sample ‘Ground water N,

W,C, L, 1

depth{ ft.) depth(ft,) % % %P
Barissel l - 36 T 'l - 6.9 15-83 25~58 10-3]
Khulna 1 - 141 G - 15 13-14 35-121 B-56
Chittagong . 1-132 218 14-53 21-95 - 2-44

The soils of fﬁé ébave regi&ﬁé of Bangladesh congist
mostly of fine graznad ailt and claya uhosa average liguid
limit rangea betuean dﬂ and 53 The range of values indicates

that the.cley 5011 is of madium to hlghar compressibility,

The clsy goil having the same lzquid limit shows approximately




2.6 Effect of Liquid Limit and Plasticity Index on Cley 5So0ils

The liquid and pléstib'limits give a measure of the
plasticity of soil, and are both dapendént on the amount
and tvpe of clay in a goil, but the plasticity index is
generally only dapandant on the esmount of the clay present;
The plasticity index are rough meagure of the amount of clay
iﬁ s0il, while thas study of plasticity index in combination
with liquid limit gives informstion about the type and
nature of clsy, |
Easagrande(lﬂ) devalabad s plasticity chart A-line
having the equationlb-0,73'(Lu—2U) and thea type of soils

are indicated by ths varioualregions in the plasticity chart

according to their liquid limits and plasticity INdices,

50}

Lw=30
Lo}

0k :
20f |

2 .
101 ' F_ S .
0 L */?ik e - 1

) L _
0% .20 30 40 . 80 60 70
——3 Liquid Limit

—————3 Plasticity Index

Fig,2-1 Plaaticity chart showing varistions in
characteristics of eoila,

According to the thart, ths ﬁlays are mainly inorganic

in charactar and of medium to high plasticity. Their toughness




equal compressibility, Permeability of such clay socils abovs

(16). the

A-line is very low, According.to Indian standard
soiles of these regions have medium .compressibility with the
pressnce of slightly high bompraas@ble character in Khylne
soil,

I

2,7 Relationship of Plasticity Index to Composition of Soil

The Attarberg limits for a soil are related to the
amount of water that is sttracted to the surfaces of the
soil perticles, It ia ex;aétéd that the amount of attracted
water is largely 1nfluanced by the amount of clay that is
present in the 3011 becauss of the great increase in surface
arsa per mass with dacreaaing particie size, On the besis
of thig reasoning Skempton( n def;nad this as actxvzty of

the soil and claaalfzed clays 1nto three groups as follows:

(1) Inactive clay -(é -{ 0,75)
(2) Normal clay (A = 0,75 - 1,25)
(3) Active clay ‘:(A.>'i 25)
Hhare A - Colloxdal activity of a soil and

ia daflnad as the ratlo of plastl-
. 1"‘
czty index to the parcentege of
oL '
clay fractlon in the mixture,

s Q;L

As an example, Hontmorillunite is actzve, Illlte is

s Coedi e L,

normal and Kaolznlte as 1nactiva cley. Howgver, typical

values(l7) for variuus clny mineralu'are given in Table 2,3,




Table 2,3

Typical Calloidal Values for Various Clay

Minerals

Clay Mineral Activity
Muscovite 0,23
Kaolinite ' 0,40 =

g fR
Il1lite 3,90 ‘\ argrady 4 )

: ' w19l

Ca~Montmorillonite - 1,50 S
Ne-Montmorillonite 6,00

2,8 Compressibility and its Relationship between Pressure

and Void ARatio

The. term compressibility is ordinarily used to indicate
the suaceptibility of soil'to'daqrease in volume under sus-
tained, compressive gtress only and is indicated by the change

in volume of a soil per unit increasse of pressure,

Compression of laterally confined soil specimen unger
static vertical load atarts in the vertical direction resul-
F o ' . 'I.'!A'J ‘-
ting in a decrease of spacimen thickness, The specimen, 1in

Chow e

due course of timu, attains a céftéiﬁ equilibrium void ratie

corresponding to theféﬁﬁiiéd'praéaure, The relation between

applied pressure and tha cdrfésbonding equilibrium void ratio
L) . .

is represented in the form 6? a pressure void ratio gqraph .

known as virgin compression curve,




Karl Terzaghi(lsl'deveioped an empirical equation
for the straight line ssction of the virgin compression

Curve as under:

8 = a =~ ( log;, 2 4p (2,1)
o

Where @ = void ratio at increased pressure Ap

void ratio at existing overburden

a
H

]
pressure P°
C_. = compression index, a dimensionless
quantity which represents the slope
of the linear portion of the pressure

void ratio curve,

2.9 Effect of Liguid Limit and Initisl Void Retic on

Compression Index .

The settlemant dua to CDnEOlldatan of normally locaded
clay with void ratlo eo isg depandent on the compression
index of the clay soil, A:;ypicallrelationship between void
ratio and effective bréséur; is shown in Fig, 2,2.and between

-

void ratio and the ingarithm of effective pressure in

figure 2,3, L““ "g1ﬂ'“"  _
' R DN virgine Consolidation
. 7 (slope C¢)
@ B . N
- .o .
2 " *=| Recomp¥assion .
o - ‘2 —
o _ | Swelling
o Lo
2 : e 3
Effective Pressﬁre,'P' - B Log effective pressure, log P

Fig,2:2 Relation bstwoan Void Fig,2-3 Relation between void

retio and effectlva praasura ratio and the logarithm of
. o affectlve pressure
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1.

Experiment has shown that close relation exists between
natural water content and c0mpfession ratio Cc/(l+eo), They
are represented approximately by a linear equation in a curve
plotted against each otﬁer. The graph represents a streight
line drawn out of scattered values of compression ratio
Cc/ﬂl+eo) corrssponding to the given natural weter content,
The average value of compression ratio is used directly to
compute the final cnnsolidafion gsettlament with the help of

the following equation:

) (] A '
S = l:c . H. log10 Pu + OF (2.2)
~ l+e P!
o o

Where S = final ssttlement of normally loadsed
clay soil,

H = thickness of the bed,

The compreassion index C 19 clossly related to the

ligquid limit Ly of normally loaded clay, A.W, Skampton(lg)

astablished a relationship betwesn compression 'index and

liguid limit for clays by the fﬁllouing equation:

Cc, = 0.007 (L' - 10) {2,3)
This equatlon is basad un the test results of both

ISR X SRRL
ordinary and extra aansxt;ve clays collected from different

Tt N
parts of the world, The equatlon was later modified by

Terzagh1 in cnnslderation of the scattering of poinfs to
about + 30 percent. He found the compression index Cc for

normally congolidated clays with low or moderate sensitivity




corresponding to the field compression curve to be roughly
equal to 1,3 Cc"

Thus, Ec = 1,3 Cc' = (1,3) (0,007 - LH - 10)

= U,009 (L, - 10) (2.4)

The compression indaex Ec for the natural consolidation
I

of a given layar of clay s0il can be known without making
any!teats other than determining its liquid limit, The initial
void ratio can be calculated from natural water content, The
settlement can then be calculated from Equation 2,91, Equation
2,13 should not be used for extra-sensitive or pre-consolidatsd
g0ils because the real compressibility of extre-sensitive soils
may be several times greater than that obtained by the

Equation 2,4,
(3))

Serajuddin and Ahmed suggested an empiri;al relation
between compression index and liquid limit for Bangladesh

soil as under: .
cc = 0,0078 (LH - 14) {2,5)

Nishida(zo), after a thearetzcal congideration from some

-

8. aplifying assumptxons darlvad ‘@ relatzunshlp batween the

compression index C and the vo;d ratio of soils ss follows:

C, = 1.i§ (aé - 0;355 o : - (2.6)
'Hhare’b; = Eémpreéaibn index :of a virgin
cﬁ;ve ﬁt'the void rstio e,
a, = final void ratio after the

appiication of pressure increment,




Expressing the final void ratio e in terms of the

initial void ratio a,» Nishida expressed his above equation

in terms of the equation presanted by Terzaghi as under:

} 1.155(30 - 0,35)

(2.7)
c . P
1+ 1,5 loglﬂﬁ_—

When the compression index C is determined, it isg

usual to approximately assume log10 P? to be equal to

unity,

Hence, the abova g8quation is expressed ags:

Cc = 0,54 (eo - 0,35) (2.8)

tarlier, Snwers(ZI) deﬁeloped this equation for the

clay soil as follows:

Cc = 0,75 (ao - q.ﬁﬂ) (2.9)

Based on the laboratory tests on clays of Bangladesh

Serajuddin and Ahmed (1967) developed the following equation:

cc = 0,44 '(u' - 0,30) (2.10)

Again SaraJuddln(I{; ﬂEtabllahed the following

empirical relatlnns fbr salis uf cnastal embankment arnae
. 11 .

of Bangladesh as folluwa:

C, = 0.0135 (W = 20) (2.11)

L. = 0,50 (a-o; 0,50) (2,12




(22)

Kabir found out the value of compression index for

clay soil of Dacca region as:
= - 2 )
Cc 0,44 (ao 0.36) (2,13)

With the hélp of the above equatieons, it is possible
to Fetermine the valuye of cﬁmpreasion index Cc without
per?ofming 8 consolidation test, According to Nishida, and
serajuddin, their squations agree well with a number of
experimental results, Serajuddin's above equations would
offer the approximate value of compressinn index L. and
finally the ssttlement characteristic of Bangladesh soils,

and can be a guide to the current study of this author,

2,10 Relationahip befwgen the Shear Strength of Soil, and

Effegtive Shsar Strength Parameters

The effective shear strength parameters are cohesion [
and interrnal friction, #, Thé cohesion is the resistance due
to interparticgle fﬁrcea_wﬁicﬁ tend to hold the particles
together in a soil mass, Ths iﬁternal friction is the resis-
tance dua to 1nterlock1ng of partlclas and friction between
individual particlas at thazr contact points,

The equat;on( 3).for Bhaar strength of cohesive soil
oy

Te is correctiy repreaentad by the equation :

-zf = L' + 0 tan ff

- Ct ' fan"
‘ 1f Ed + o' tan ﬂd
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Figure 2-4 Effect of preconsolidatian,

Hence the ghear strength for normally consolidated

clay is given by thes equation:
= 1 ’
Tn a' tan HB {2.12)

The shear strength line for the same clay praconsoli-
dated st pressurs 6& and heﬁing B = ﬂrl ig repr;sented by
the lines BA, If the clay is preconsolidated at other pressure,
shear strength linas pé¥dllel to BA is obtained, Thia mesns

thet cohesion ia proportidﬁal to hd or 9

C,' = 3y #én ﬂc__. (2.13)

. .".l_,*:)_' T ."‘. -
ST WO o part
Theraforepahaar strength of the sgil after preconso-
lidation isg o o
. -

Tp -'bé t;?,ﬁ; ; 8' tan arl ' (2.14)

This shows ths higher values of shear strength due to

preconsalidation,
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wheres o'

effective stress in a soil
equal to the total applied

stress d minus ths pore pressure u,

L' = effective cohesion Cu, in conso-
-lideted undraeined test or Cd' in

drained test,

# = effective sngle of shearing
resistence ¥ in consolidated
undrained test or ﬂd' in drained

test,

L' is zero for nurmélly cnngolidatad.clay, However,
they do not always give the sameHresults for undisturbed
clays(za), In general, there exists a closer agreement bet-
ween results obtainsd fﬁr nnrmaily consolidated clays than
for heavily preconéalidéfﬁd clays, Draiped tests on heavily
precongolidasted clays uauaily yield slightly highér valuasg
of C' and g, which ia théﬁght'due to tha work dons against

volume changes during shesr in drained tests and due to the

smaller failure strain, =~ = a -
[ . ) .:"1. .

In Figure 2,4,jths-éf§hhical representsetion of the
above equation is ﬁﬁawn,lTha1éﬁéér strength line for normally
CQngolidatéd clay ié_raﬁfaéenteﬂ by thse line DAL, for which

ﬁ=ﬁ,c'=0.
S
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CHAPTER-3

FIELD INVESTIGATIONS AND COLLECTION OF SOIL SAMPLES

3,1 General

(24)

Field investigations of the site congtitute an
esskntial and important eng}neering programme which interalis,
guide in essessing the gane¥al suitebility of the site‘for

the proposed works, enablesg foundation engineer to prepare

an economic and safe desién. A complete field investigation

in general, involves the foilowi;g‘oparatinns : (1) preliminary
work such as collection of génarel information and examination
of the already existing data ebout the soil and geological
conditions of the éite (1ii) site reconnaissance {iii) sub-

surface exploration and (iv) investigations of the sub-soil

materials,

3.2 Scope of the Fimld Work

Sub~surface axploration comprises a number of field

and laboratory uorks.lTha field uork consists of execution
of exploratory borznés, ;£:;;;;& penetration tests and
4.'ux:‘f,”.
collect1nn of dlsturbad lnd a;dzééurbed soil samples, It
providea the infor&é;ibn-of ngth-ﬂthickness. axtent and
composltlon af aach ;oil étrat:;; location of hard stratum
Y- B T NP SRR

and ground wataer éundztzone atrength and compressibility

of the variuus straié.




3.3 Sub-surféce txploration

Sub-surface soundings are used for the determination
of penmetration resistancé of soil deposits along vertircal
linegs, They are done to indicate the worst and besst spots
éf the site, Penetrometers ;re used for making soundings,
The standard penetration tests are performed when coarse
grained s501ls are encountered aﬁd gplit tube samples are
then collected, Thin wall samplers are used for sampling of

fine grasined soils,

3,4 Collection of So0il Samples

Of the soil sampleas éﬁllected by the River Hesearch
Institute of Bangladesh Water Development Board, Messers
Faundation Consulténts, Daccé, and Messers Sub-soil Engineers,
itacca from various locations of Barisal, Bhola, Pqtuakhali,
Khulna and Noakhali at véfioua'depths ranging 5 feet and below,
the results of 213 disturﬁﬁd_ana 78 undisturbed sonil samples
were -used for mechanical analysis, determination of natural
water content, and c0n31stency, Besides, the test data of
134 undlsturbed soil samplea collected from the above locations
oy the above mentloned organ;satlon and congulting firms for

uncanfined cnmpresalon tast ‘and consolidation test have been

in this work,

Thin wall aam#lars were used by them for collection of
these samples, Platon aamplers werfe used for collection of
samples especially béluw the watar table, A few soil samples
were collected by the author from these organisations for

laboratory test in order to use their results in this study,




3.5 Laboratory Investigations

The laboratory invéstigations on the collected soil
samples disclose the general characteristics and their
engineering properties, Their physicai properties include
the natural water content, specific gravity, grain size
distribution, and consistency, The soil samples collected
by bar;ous organisations were tested in their resgpective soil
laboratories, while a few éamples were tested by the author
in the Bangladesh University of Engineering and Technology
'soil.laboratory, The unconfined compression and Tri-axial
tests were done to determing the shearing strength of the
sub-soil, The samples were tested in a consolidometer to study
the effect of consolidation in consideration of its importance
in the study of the sffeét of compressibility characteristics
of the soil samples, These charactsristics are vi£31 for
determining the pariod and magnitude of settlement of the

foundation,

3.5,1 Test Proceddre-fbr Phjgicéi'Properties

The soil samples cnllected were duly tested for the
determination aof natural water cantent, particle specific
gravity, graln size analyals. and c0n31stency according to

the standard test procedures.

3.5.2 Langolidation Test
The congsolidation test was performed by the author on

4 undisturbed soil samples according to the standard-test




Procedure, and the results of the tests performed on 132
undisturbed soil samples by various organisations as already

mentioned, have been used in this study,

3,3,3 Unconfined Compression fest

-Unconfined compression tast-was done by the author
an ; undisturbed so0il samples for the determination of the
shear strength of coheaiv; sﬁils_as per usual test procedure,
The shearing strength was measured as half of the

unconfined compressive strength at which the specimen had

failed aiong its bearing plane,

3,5.4 Undrained Triaxial Shear Taests

Undrainad iriaxial shear test was performed an the
purely cohesive soila-by_tﬁa_various organisations as already
mentioned Bnd their resuits.have been uéed in this study,
Consolidated unarained'triaxiai test was done on the.soil

samples which appear to have considerable angle of friction

1

as well as cohesion, . - . .+ ]




CHAPTER-4

LABORATORY TEST RESULTS

4,) Penetration hesistanca and Physical Properties of Soils

Numerous disturbed and undisturbed soils of different
regions of coastsl areas of Bangladesh that includas Barisal,
Bhola, Patuakhali, Khulna and Noakhali collected by the
u;ribus Gavernment Organisations and consulting firms were
tested for the study of their general characteristics and
range of natural wBteg centent;, apecific gravity, particle
size distribution, liquid and plastic limits, and other
engineering properties, Given bulow is a table indicating
the numbers of goil samples collected and tested by organi-
sations and by the éuthof for the above purpose,

Table 4,1

L — s

Number of Samplss Collectsd asnd Tested by Various
Organisstions and the Author

Drganisatiuns/AutHur ; Consigtency,N,W.C end Mechanical

_ 3 Analysis
Digturbed Undisturbed
1. Bangladesh Hatar _ 21(Bariéal-14 31(Barisal-20
Development Board ' Noakhali~5 Noakhali-3 .
© " Khulha=2 Khulna-8)
R L TR L
2, Foundation o 109(Bériaa1—6 -
Consultant ol S o Bhola=T5
: s Patuakhali-91
. Khulpa = 17)
3, Sub-50il Engineers e 19(Barisal-5
. . L Bhola - 6.

: ) R Patuakhali-4
' Noakhali-4)

4, Author . : - 4 (Patuakhali-~4)




-3tandard penetration testy performed at sites for
general exploration of goil pfofiies.providas depth to hard
stratum, and also approximate indication of the strength
of the underlying strata, The soi; profilesof coastal regions

are observed to be generally identical with minor variations
in some iocalitias. The S,P,T values for the underlying sirata
'

genefally vary between 8 and 18 while the upper strata in most

of the locetionsg indicate values less than B,

From the Mechanical analysis, the average clay contents
of the specific layers ars determined, The values of colloidal
activity are alsc determinad in ordsr to classify the clay

soils in terms of activity,

Test data are summariged and presanted in Tabular form
in Appendix A and B, Average and range of values of N,w,(C,
liquid limit, plasticity'index; and grain size analysis are

however presented serially in Tablas in the following srticles,

4,2 Lonsistency and Natﬁial Water Content

Test results of 213 dlsturbed and 68 undisturbed soil
semples of coastal reqlans:;;; ﬁra;ented in tabular farm‘xn
Append1x-A. o ~.‘iJ'}iw -

'15; & j;I$a”'Wf

The soils ‘are: moatly normally consnlldated cohesive

t

deposits with thalr actual rdnge and avarage values of
natural weter content, lzquid llmit. and plasticity index,

88 summarided in Tabla 4,2_
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Table dlg

Rangs and Average Values of Natural Water Content,

Liquid Limit, and Plasticity Index

Ground RANGE OF VALUES AVERAGE VALUE OF
fest water
e table.. S . { i i
zone in N,W,C, Liquid Plagti- N, W,C, Liguid Plasti
feet % limit city % limit city
=€ % index % index
% %
Barisal 1-11 25.4-42,7 34-50 d=21 36,0 41.0 14,0
; Bhola 1l=13 24_0-42,1 31-47 5.22 33,0 39.0 12,0
Patuakhali 1-10 24 5-44,0 3350 J=25 34,0 4z .0 16,0
Khulna 1-16 26,1-46,7 32-56  6-29 36.0 42,0 14,0
Noakhali 8<11 °  34,5-45,0 36-42 12-17 37.0 40,0 13,0

The ground water condition as well as average values of
Natural water content, liquid limit and plasticity index shown
in the above table for different locations in the coastal regions
are not in variance, and agfae quite well, The liquid limit
ranges from 31 to 50 per eaﬁél plasticity index 3 to 29 per cent,

natural water content 24 to 47 percent, The ground water table

f ME-8F
WA AT 2

R : IE-]
4.3 Grain Size Compositién . -- o M o

varies between 1 to 16 feet in the locationsg,

-The so0il compoaitibn and classification based o# grain

size analysis on some salected s0il samples aof different regions

of coastal areas are indicetaed in Table 4,3,
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Table 4,9 , 3{:tjt_,_

Average Type of Soil Samplsa, Specific Gravity
Dry Unit Weight and Uniformity Co~efficient

Test Sample Average Type ' _AVERAGE VALUE OF _

Zone depth of soil sampls Sp. Dry unit Uniformity
in ft, s ~ gravity weight co~effi-
' cient
Barisal  5-20 5ilty clay,silt 2,67 81,30 6.63

with fine sand,
sandy silt trace
clay, '

Bhola 5-20 Silty clay, silt 2,67 93,13 4,56
with fine sand,
trace clay,

Patuakhali 5-25 Cliaysy ailt,littla 2,67 88,12 4,46
fine sand,silty
clay with fine
gand,

Khulna 3-15  Silt trace fine 2,68 B7.,60 9.07
sand, sandy gilt
trace little clay
silty clay with
peat,trace fine
sand,

Noakheli 1-2% Silt with fine 2,67 91,33 4,95
sand, trace little
clay, fina sand
with trace of mica,

From the test results presented in Appendix-B, it is
observed that the soils of coastellareas are gensarslly compposed
of cohegsive deposits in the upper stratum underlain by non<
cohesive deposits, The cohesivs depbsits are composed of silt
clay soilé and possess relatively narrow range of particle size,

The non-cohesive deposits are. composed of very fine silt 4o fine

L




sand, Occassional traces miéa intérculated with silt are
encountered at an a&érage deptH of below 20 feet from ground
level in some very limited areas, The clay fraction {(minus

2 micron) generally varies from 3 to 30 percent, the silt
fraction varies from 40 to 80 pefcant, and the sand ﬁontent

is generally less than ld percent, The uniformity ﬁomefficient
for soils of Bhola, Patuakhali and Noakhali regions are found
~to be less than 6 while for Rarisal and Khulna, the value is

grater than 6 indicating the so0il to be well graded,

4.4 Lompressibility

Coastal soil usually varies in compressibility depending
on the amount and the chafacter of fhe fines and the quantity,
and graduation of the coarse particles contained by them,
Their compressibility depends on their density and moisture
content at the time of loading. Test results obtained
through a series of testing are presented in Tables in Appendix-L,
The range of values of moisture content, dry'density,‘natural
void ratio, and comp;assion iﬁdex for coastal soils are shpwn

in Table 4,4, | .

The dry densgity of'the soils appears toc range from 70,10
to 104 _ 00 and moisture cdntent f?om 20,30-77,00, Mostly they
fall in the ranges of 80,0 to 90,00 and 30,0-45.0 respectively,
The values of compression indéx, for soils of Hhola and

Fatuakhali,regions show much lower values than Khulna and
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Table 4,4
Range of Values of Maoisture Contents, Dry Uensity,

Natural vVoid Ratio, and Compression Index

RANGE OF VALUES

Test Sample Ory Moisture Natural Compression
zone depth density content void Index
in ft, pecf ratio

Barisal 4225  72.7-94.0 29.,0-77.0 0.72-1.27 0,15-0,55
Bhols 4-20 76.5-104  24,0-41,5 0,76-1,34 0,19~0,35
Paztuakhali 5-15 70,1-98.5 27.0-50,0. D,65-1,24 0,0¢-0,42
Khulna 5-35 78,0-104 29,6~-58,3 0,65-1,29 0.10~0, 53
Naakhali 5_25  B87.0-98.2 20,3-40.0 O0,67-1,00 0,10-0,3C

Barisal regions, It varies from 0,10 to 0,55, in mejority of the

cases falling in the ramge of 0,20 to 0,40,

The initial void ratio, e, ranges from 0,65 to 1,34 in
majority of the cases falling in the range of U,B0 to 1,20, It
is evident that the higher moisture content results in this

less density and increased

compacted soil with more voids,
plasticity (sqffness).

The ground water table is very close to the surface of

. - : . (26 .
most of the areas of cocastal regions, DBIEJUddln( ) described

the degree of saturation for the cohesive deposits foung in mogt

of the locations of coastal regions, with a few exceptiong, to

+

be about 97 to lGD-pé;cant;
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4.5 Shear Strength

The shearing strength of both 120 disturbed and 136
undisturbed soil sample; éollected,from different locations of
coastal regions has~beén investigated by means of unconfined
compression test as well as Tri-exial test., The factors fhat
control the shear st?ength of these soil samples are investi-
gated and the results are indicated in the Tables in Appendix-D

. and £ respectively,

In determining the shearing strength through unconfined
compression test, the moisture contant as well as dry density
of the respective soil samples are determ;ned, The normal
range and average o% these values are indicated in the Table

4.5 and 4,8 respecfivaly.

——eeedlle

Table 4,5

Range of Vajues of Moisture Content, Dry density,
and Shear Strength

RANGE OF VALUES

Test Sample No Moisture  Dry ~ Shear
zone depth 8 centent dengity strength
in ft, o % (pcf) (psf) .
Barisal 0-20 - 19.  21,1-61,7 70,5-108 . 209-903
Bhola 5-40- 75 - 24,0-@2,1 78,0-104 350-1188

Patuakhali 5-40 117  26,5-51,7 81,0-108 310-1296
Khulna 0-45 163 26.0-44,0 78,0-102 Jap-1288

Noakhali , - - . - - -




Table 4.8
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Average Values of Mbisture Content, Dry density

and Shear Stiength

Test

Number

AVERAGE VALUES OF

zone of Sample Moisture Dry Shear
ample depth content density strength
Sampies  in ft. % pcf psf
Barisal 19 9,30 39,48 83.00 192,20
Bhola 75 4,50 33,084 91.00 752.80
Patuakheli 117 7.80 34,67 89,00 774,40
Khulna 63 11,70 35,85 a7.00 713,40
Noakhali - - - - -

Based on Triaxial tests carried out on a limited number
of undisturbed soil samples, the normel range of values of
angle of internal friction, cdhesinh, feilure strain, and

water content obtained are indicated in Table 4,7, °

Table 4,7

Range of Values of Water'Content, Failure Strain,

Cohesion, and Angle of Internal friction

RANGE OF VALUES OF

1§§; Number Sample Water Failure Cohesion A;gle of
of depth content strain psf internal
samples in ft, ® % - friction
Barisal 4 5-10 30,5-49,8 18-20 288-576 g°-6°
Bhola 10 0-15 25,7-32,4 14520 432-1152  3%.16°
Patuakhali 10 0-10 29,5-38.0 10-20 260-1296  2"-15°
Khulna 5 5-15 26.5-42,4 11-20  250-864  4°-13°
2 10-20 34,6-35,7 9-19 144-1512 10;5%-20%

Noakhali
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CHAPTER 5

ANALYSIS AND DISCUSSION OF TEST RESULTS

5,1 Soil Profile and Penetration Resistance of Soils

The soil profiles of coastal regions are generally

identical with minor variations in some localities, The non-
‘cohesive deposits (nan-plastic), cohesive deposits and combi-
nation of these two are predominant in the regions, Mostly

the upper surface ¢05tains deposits of very soft to soft

clay to a va;yiﬁg debths of about 5-20 ft, followed by light
to medium gtiff silty clay deposits with little trace of

sand, The underlying strata generally cantains deposits of
medium stiff to medium deﬁse silty fine sand with 5,P,T values
greater than 10, The uppef sirata containing cohesive deposits
shows SPT values not g;éater than 8, and is generally consi-
dered medium to soft in consistency, They are considered

suiteble for shallow faundations for light to medium loads,

Organic soil materials like peat are occassionally
present in the deposits., Their presence is found mostly in the
soils of Khulna region within either silt clay or sand silt
deposits, They are very loose, and are more ccmpressiblé, They
are identified by the presence of fibrous particles of vegetative
matter of dark brown to black colour, and by their character-
istit organic odor. The foundation engineer should aiways
determine its depth aﬁd extent in the field.in order to estimate

compressibility effect of the overlying strata,

o+




(26)

Serajuddin in’hia investigations on the soil
properties of embankments of coastal areas of Bangladesh
observed that the cohssive silt clay soils usually exist
in the surface andnupper layers in varying thickness of
about 6-30 ft in ﬁéﬁy locations in the coastal area, Even
in geme places the silty ciay is found from the surface
down to depths as great as about 60 to BU feet, In other
ereas, they are embedded with fine sand silt, The non-plastic
silty fine sand of cone resistance in the.range of about 2U
to about 90 tong/sqg,ft, exists at depths greater than 30 fest,
The gilty clay materials existing in the upper laysr possesses
a probable average cone resistance of about 5 to lU tons per
sq,ft in the location,
(26)

Serajuddin observed that the silt clay materiais 1in
some of the areaé are too looge with low strength and in
other areas it is fairly compact, This variance is shown
by the blows on gaﬁple spoans being as low as 1 and as high
as 17 blows per foot, According to him, the compactness is

related to the conditions of tidal or fresh watsr deposits

and to the maximum ovsasrburdsn presgsure,

5,2 Longistency and Natural Water Content

The scil materials encountered in the coastal regions
are composed of deposits of cohesive and non-cohesive materials
and also a mixture of them in varying proportions, The deposits

closer to the'an.of,Bengal consist of surface sediments duly
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transported by the running wétgr, with occassicnal presence
of organic matérial_in a partly or fully decomposed state,
In general, the deposits in the ubpéf surface are soft with
natural water content ranging normally between 35 and 42
percent, The ground water table is.very close at varying
depths to about 1 to 16 féet, in most.of the locations of
Bhola, Barisal, Patuakhaii and Khulna regiong, In Noakhali
regions, the ground water table exists in between about 8
and 11 feet, where the natural water content‘varies between
25 to 35 percent. THe values of liquid limit for the coastal
regions ranges from 31 to 57 percent, plasticity index from
3 to 33 percenf, ahd natural water content from 25 to 44
percent, Their values are plottéd sepgrately for different_
regioﬁs in relation to the Césagrande A - line as shown

in fFigures 5,1 to 5,5, From the plottings, it is observed
that the soils plot very close on both above and below the
A;line of plasticity dﬁart indicafing the type of soils to
be innrganic clays of medium plasticity snd inorgsanic-silts
of medium compressibility, The soil particulserly of Barisal,
Bhola and Khﬁina cantain appreciable amount of in organic silts
as they plﬁt below tﬁe A - iiﬁe within the range of liquld

limit 30 and 50,

The coastsl cléys arelmoderately plastic, The lower
values of liquid limit and plasticity index are indicative
of low plasticity and sometimes non-plastic, The presence

‘of Ksoline and mica powder presumably tend to make the soil

particles low plastic, Ththighér'values of liguid limitsg




greater than S0 aré in&icaii@e of the presence of organic
matters, The values @f pléaticify index for some soils of
Patuakhali regions show much higHer values thereby &ndicating
the likely presencé'of fat clays which are highly swelling

and water absorbant,

The plestic matariéls with higher values of liqqid
limits are charactérised equally by high moisture content,
Samples having a moisture content closer to the plastic
limit than to tha liquid limif are usually pre-consolidated,
The natural water content of most of thes plastic clays and
silts is found to be less and clﬁsef to their liquid limits.

thareby indiceting that the deposits are normally loaded,

5.3 Grain Size Composition

-

From the grain size analysis, the gradation of the
particles as well as distribution of particle sizes were
determined, Clay particles are identified over their colloidal

activities which is shown on the Table in Appendix-A,

The plastieity indices and clay contents of a number
of samples taken from diff:r:nt'stratum vary over a wide
range, The range and average velues 6f colloidal activity .
are ghown in Table 5;1 which ghows that the activity is as
high as 2 to 6,7, The higher values are presumably due to
variations in the composgiitions, within thé stratum, Depending

on their value, the clay falls in three classes, namely




inactive, normal and active ciays. Lowest value of 3,75

or less is indicative of inactive clays which show the
presence of Kaolinite hinaral, Monptmorillonite is predominant
in the largestlnumbar of samples of Patuakhali and Bhola
regions as they fall in active group having value of 1,25

or over, The presence of largest number of samolés in
Montmorillonita group is attributed to the presence of

organic matters providing orgenic colloids,

The co-efficient of uniformity of the silt clay group
of gome of the soil samples are analysed, The values of DGU/DlD
are found to generally vary between 3,50 and 20U, The particles
~are considered uniformly graded when the value is less than
2, and medium graded for value between 476 and well graded
for value over 6, The silt-clay particlag of Bhola, Patuakhali,
and Noakhali are gensrally medidm graded as the value of
uniformity co-efficiant is less than &, The soil particles
of Khulna and BDerisal regions, are generally well graded as
their values of dnifurmity co-efficient are found to ge

greater than 6,

3,4 Shesar Strength of Cohesive Soils

The unconfined cﬁmpression strength of the cohesive
31lt and clay soils normally range from about 418 psf to
about 2500 psf even uhto a dapth of 45 ft, from ground surface
with only @ few occassional results higher than ahout 2500 psf,

Table 3.2 shows the range and average values of shear stremoth




[abls 5.1

e el e

Range and Average Values of Laolloidal Activity

Noakhali

E;. Test Zone Range of values of Activity Average values of activity
H Inactive Normal Active . Inactive Normal Active
Valua No, of Value No, of Value No,of
gample gsample gample
1., Barisal Nil Nil g,82-1,25 4 0,0-4,33 9 Nil 1,036 2,91
2, Bhola 0,56-0.75 7 0.83-1,25 15  1,36-6,67 58 0.665 1,002 3,048
3, Patuakhali ©0,43-U.75 14 g,76-1.25 31 1. 27-6,25 48 0.630 1.0314 _2,136'
Khulna 0.66 S 0.6-1.22 6  1.43-5,8 10 0.666  0.991% 3,239

- - -

a5




Table 3.2

R@nge and Averaga Valua of National Water Content, wcJ Unit

weight, yd, and Unconfined Compression Strength, g

U

Range of Value

51 No. of Average Valua of
o Test Zone . L N,W,L, Dry q N,W.C. Dry " q

y samples Dengity s: densgity, Y

pcf P pcf

1, Barisal 30 21-61 70-108 418.1806 39 B3.1l1l 785
2. Bhola 101 24-42 78-104 700-2376 34 89.6 1506
3. Patuakhali 141 - 26-52  81-108 620-2592 35 88,3 1549
4, ‘Khulna 82 26-47  78-102 690-2576 36 86,8 1427
5 Noakhali 8 26-44 - - 32 - -




and natural moisture content to give an approximate ideas of
shear strength of soils of these regions of coastal areas,
The average shearing strength df.the soil.af Rarisal region is
comparativelylbwer.thanin other regions., The avefaqe water
cnatent is much higher, and is the likely cause for lower
values of shearing resistance which ultimatqu controls the

bearing capacity of the soil,

The values of cohesion is dependent on moisture content,
The angle of internal friction for most of the soil samples
vary between 0° and 16% as shown in Table 5.,3. The angle of
friction is guite large for .clays of moderate or high plasti-
city, The higher values of the anglelof internal ?riction
indicate that the particles are effectively in contact with
clay soils, and the ﬁolid b&dy friction persists at the
intergranular contacts., The shear strength values are appre-
ciable in that cases, The lower values of cohesion and of
angle of internal friction are indicative of the fact that
the sub-surface soil consists of a compressible silt clay
materiais, The lower value of angle of internal friction is

indicative of the higher activity of the clay group,

The subfsurface 80il in most of the areas are soft, and
poorly graded, These characteristics are not favourable for
any ‘good foundation materiai, The foundation engineér will

face problem with this type of soils,




lable 5,3

Range of Valuaes of Natural Water Contant, wo Angle of Internal

. - Friction, @, and Cohesion C

_ RANGE OF VALUES OF
51,

No Test Zane Number Sample Natural water Angle of Cohesion .
. aof depth content internal in .
gamples in ft, 4 ‘ friction psf .
' in degree :

1, Barisal 4 5-10 30,53-49,.80 . 0%-5° 288-576
2, Bhola 10 0-15% 25,66-32,135 31°%-16° 43241152
3. Patuakhali 10 C-10 29,46-3a,00  2°.15° -260-1296
4, Khulna 5 5-15 26,6-42,40 4%.13° 250-864
5, Noakhali 2 10-20 34_.60-35,75 10,5%-20° 144-1512

7S
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5.5 Lompressibility of Cohggiva"SDils

The values of initial vaoid ratio, and compression index,
acre plotted in Fig, 5,6 to:5.10, ', THe range and éverage values
of compression index, initial void ratio, N.wWw,L, liguig limit
are shown in Table‘S,&__The initial void ratio ranges between

" 0,65 to 1,34, The larger values of void ratio indicate loose
structure of the soil type, The colloidal activity of most
of the soils samples shows values greater than 1,25, it can
therefore, be concluded that thése s0il types generally
belong to montmorillaonite group, They are generally compre-
ssible, The compression index ranges from 0,09 to 0,559, The

,ave;age value of compression index is on the high side which

indicates the higher compressible character of the clay soils,

The higher values of compression index is indicative of the

presence af organic matters liks peat,

Degree of saturation for the cohesive deposits is

found to be about 97 to 100 percent {Serajuddin 1567, The
lowering of water table causss correspondiﬁg increase in
pressure between the graine of all the soils baqeath the
original position of ;ater tébla, gnd the strain causes
ultimate settlement, The coastal areas are almost flat and
mostly the soils are partially eubmerged because the ground
water 1s normally very close to the surface, The degree of

.

saturation is therefore, considered to be 100% for all

practicai purposes,
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Range and Average Value of Compression Index, Ec

.

Table 5.4

e b r——

Initisl Void Ratio e

RS

N

Liquid Limit, Lw,and Natural Water Content, wo
_ ) RANGE OF VALUES OF AVERAGE VALUES OF o
?l‘ Test Zone Na, of Compression Initial Liguid N_W.C, C g L N wW.C,
No. . . . . . c a] w
' samplaes index void ratio limit
C e L
c o w
1, darisal 27 0,15«0,550 0,72-1,27 31-61 29-77.0 0,246 0,994 42 . '37
2, Bhola 23 0,19-0,35 0,76-1,34 J1-47 24-42 0,244 0,91 39 i3
3. Patuakhali a4 3,09~-0,42 0,65-1,24 33-61 27-50 0,240 0.97 43 34
4., Khulna 29 0,10-0,53 0,65-1,29 32561 29-58 0,326 0,78 4D 36
5. Noakhali 8 0.10-0,30 D,67-1.10 33-42 20-40D 0.182 u,87 a7 2
-
N
34 ‘2';
L p R
4 :—"l" é i }!
\ i fa
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Consolidation test results éupport that the soils UF.
coastsl asreas are normally consolidated with thé exceptions
of some of the Boils which exhibits slight preconsolidation
behaviour, It is thé belisf that the preconsolidated layer
wag Rrobably at the surfacé at one time in the geologic
past, end mey have consolidated due to dessication, and then
due to the subBEqdent subéidénce of the soil, ths layer was
covered with fresh deposits. The preconsolidation of the clay
strata could be due to the weight of an overburden which was
reduced by increasing the void ratio slightly'by gwelling until
the present state was reached by the effect of erosion dus to

gither tidal waves or some other reesong,

The variations in the véluas of liquid limits, plastic
limits end naturasl water content shows whether or not a natursel
clay is preconsolidated, If the value of natural éoisture
content is closer to the plastic limit than to the liguid
limit, the g0il is then congidered to be preponsulidated,

Most of the velues of naéural water content are thus-fdund

to be closer to the liquid limit thereby indicating the soil
to be normally consolidatad; When the natural water content is
considerebly lower than the liquid limit, the sensitivity of

the clay is likely to be lower, Normally loaded ctlays are

usually soft to a considerable depth below thz ground surface,

5,6 Compression Indax and its Comparison with Uthers for

Similer Type of Soil Materials,

The settlemesnt of a point. on the base of a foundation

'

due. to compregsion 5 of ‘a thin'Layér'df normally:loaded clay
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soil is computed from the fnllawing relation:

c
; = . P_+AP
3= l+e_ -~ H. loglU e e {5,1)
o _ Po

The values of compraésion index Cc’ and initiai void
ratio-eo, togetherwith the thickness of the bed of ciay H,
undar-pressure F0 and the difference of pressure for an
increase of the pressures from Po to (Po + AP}, provide
settlement forecast reliaﬁly~for the normaily loaded clay
soil, But in the case of pre-~loaded clay soil, the estimation
"of settlement through the above relation is somewhat less

reliable,

The vaiues of compression index, and initial void ratio
cbtained on the basis of expefimentai test results on the
undisturbed clay soil.éamplés collected from différent
locations of Barisal, Bhola, Patuakhéli, Khulna and Noakhali
regions are plotted againgt emach other in Figures 5,56 to 5.lﬁ
which on statistical analysis give linear relations for all

" the regions as:

Barisal region : €. = 0,308 (s - 0,240) (5.2}
Bhols region  : C_ = 0,3108 (e - 0.258) {5.3)
Pafcuqkhali region: C_ = 0,361 (e_- 0.395) (5,4)
Khulna region : Cc = 0,429 (eo - 0.48) (5.5)
Noaﬁhali reginﬁ: L. = 0,425 (e =~ 0.445) {5,5)




A5

Statistical analysis of their combined plotted points
in Figurs 5,11 gives a linear equation for clay soil of
coastal reqgion as a whole, having a correlation co-~efficient

of + 0,938 as:

C. = 0,38 (gu - 0,36) | (5.7)
C
[
(l+eo)

the natural water content, and as such the values of compre-

The compression ratio is closely related to
ssion index and natural water content computed for all the
regions of coastal areas are plotted sepacately in Figures

5.12 to 5,16 which gives identical linear relations asg:

Farisal region 1 C. = 0.0113 (w_ - 16) (5.8)
Bhola region : Cc = 0,0117 (wo -14) o (5.29)
Patuakhali region: Cc = [0_,0129 (WO - 16) . {5.13)
Khulna region ; CC = U,DiJZ (Ho—lﬁ) | (5,11}
Noakhali region " : CC = 0,0116 (Wo -~ 16) (5,12

Statistical analysis on their combined plotted points
in Figure 5,17 giyeé a linear relation having correlation

co-efficient of + 0,839 as:

—_ 1 - e
CC =.0,0147 fwo 16) (5,13)
G . W
Using the relation By = = 2 where G = specific
S
gravity of the soil grains, W, = natural water content, and

5> = degree of saturation, the empirical relation 5.7 can he

1
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rewritten as:

14)

n

C_= 0.38 (G_w, - 0.36) (

The specific gravity of the soil grains of coastal
regions is found to be in the range between 2,67 to 2,74,
Taking the average value of gpecific gravity 2,70, the above

empirical relation becomes:
C. = 0.0157 (w_ - 16) (5.15)

According to Terzaghi and Peck,'the compression index
is closely related with liquid limit as represented by the

eaquation:

Ce = 0,009 (LH - 10) {5,186)

Based on the plotted pbihts in Figures 5,18 to 5,22
for normally locaded cléy 56115 of Barisal, Bhola, Patuakhsali,

Khulna, and Noakhali regions of coasstal areas, the following

empirical relations are obtained:

Barisal region : C_ = 0,0088 (L - 14) (5.17)
Bhola region : C_'=0,0078 (L, - 14) (5.18)
Patuakhali ;eéioné L. = 0.0083 (L - 14) {5.19)
Khulna region : Cc = 0,0075 (Lw —_14) (5,20)
Noakhali region : cc'= 0.0145 (L - 14) (5,21)

Statistical analysis of their combined plotted points

in Figqure 5,23 gives-a linear relation with co-efficient n
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correlation + 0,999 as:
‘ ‘ [~ Azr_)
C = 0,0093 (L - 14) (-—1. )

These empirical equations can conveniently be used to
estimate the compressibility characteristics of fine grained
soils of coastal regions of Bangladesh from the simple testi
of natural water cﬁntent'and liquid limit without undertaking
time consuming consolidation tests, The results obtained
through these emhirital equations may be misleading in case
of heavy structures to be built on such fine grained soils,

In that event, a consolidation test is dssirable,

v

A ﬁomparativa study of these linear relations as shown
in Figures 5,24 to S,é? and their relationship with that of
Skemptan, an?.Serajudain hags been madg. The resulys shaow very
little varistions, An illustration showing experimental
values of comp&esgipn index from initial vaid ratin and
from liquid limit, aﬁd comparison of their values sstimated
from empirical relstions aifeadylsuggssted in this weork and
with others are preéented in Table 5,5, It appears tnat the
values of compression index in most cases agree quite'well

with a number of experimental results,
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Table 5.5

| ——— et el

Experimentai Values of Compression Index from lnitial Void Ratio and from Liquid

Limit, and Ya8luss tstimated from Emprical Equations developed by Various Authors

Ligquid Natural Compression Ce from e, C. from L,

limit void index , .

L, ra:in Cc(actual) Sowars Serajuddin Mishida Auther Serajuddin Skempton Author

ja]

33 Q.85 0.15 0.187 0,242 0.270 0.186 0.148 0.161 0,181
34 1,20 0,27 0,450 0,396 0.459 0.319 0,156 0.168 ° 0,190
36 0,91 0.21 0,232 0,268 0,302 0,209 0,172 0.182 0,209
a7 0,72 Q.24 0.090 0,185 0.199 0.137 0.179 0,189 a,207
38 1,09 0.30 0,371 0,349 0.402 3.279 0.187 0,196 0,228
39 1,18 0,26 0,435 0,387 0,448 o,312 0.195 0,203 0.237
4Q 0,77 0.22 0,127 0.206 0.227 0,156 0,203 0.210 0,247
a2 0.97 0.24 0,278 0,295 . ° 0.335 0,232 0,218 0,217 D.266
43 0,84 0,31 0,180 0,238 0,265 u,182 0,226 0.231 C.276
a4 1,02 .33 0,315 0,317 g,362 0,251 0,234 0.238 0.285
43 1,04 0,26 0.330  0.326 0,373 0,258 0,242 0,245 0,294
a7 1,24 o, 31 0.480 0,414 0,480 0,334 0.257 0,259 0,313
59 1,456 0,42 0,645 0.599 0,418 6.280 0.280 0,342

0,510
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CHAPTER-6

TYPES OF FOUNDATION FOR DIFFERENT KINDS UF STRUCTURES

6.1 Introduction

Foundation of a structure élwaya needs a bass either
just velow the surface of the grodﬁd or at certain depth in
order to transmit the entire loea of the structure to the
ground. The type of foundation depends mainly aﬁ the nature
of the structure, the loads it must carry, the type of bearing
stratum, and the cost of the foundation in comparison with
the cost of the super structu£e A foundatian normally fails
structurally due to fallure of the bearlng atratum and its

unusual compressibility characterzstlcs Often cracks ars
observed in structures resultzng‘from the fai;ure of the foun-
dation due to sattlément and-lnw.sﬁeafing s£rength, Eveﬁtually,
settlement may cause ultimatq collapse of a structure even
though the factor of safety agéinsj shear failure in the
foundation may be adequate. Thésé-two Eharactsristics govern

the stability of the foundation, and call for a thorsough

investigation of the sub-soil conditions,

The important criterion governing the seléction of the
type of foundstions in coastél aéeaa is essantially to have
information on the geologlc past of the suﬁ-surface conditions,
and the behaviour of sub-su;l undur the exiating coﬁditions{
to ascertain as to ‘the. capablllty"uf the prOpuaed fuundatzon
of carrying the requlred lqads. gnd whether they might experi-

snce detpimantal’ settlement,
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lhe foundation enginser on assumption'that the construc-
tion of a given type of foundatien‘is Possible in mnst of
the locations of coastal regions,'should Judge thdg probable
performance of the foundation with respect to two types of
unsatisfactory behav1our like failure of the ground to support
the foundation, and unsven settlement of the foundation which
may cause cracks and damage'to the superstructure.lSoll
characteristics already analyeed ean erovida information

ageinst these two types of unsatigfactory behaviours,

6.2 Zoning of Loastal nglong

.

Based on the geologic Qrigin as well as physical proper-
ties of the coastal soil already analysed the coastal areas
may be divided inta threa zonss for recnmmendatlon of the typae

of foundstions feasible in their respective zonas:

1, lone of Deltaic, meander and swamp deposits - Barisgal

reqgion,

11, lone of Deltaic and Tidel deposgits - Bhole, Patuakhali

and Khulna regiaon,

111, Zone of Tidal and swamp. deposits - Noakhali region,

In the zone of Daltazc and meander and swamp dapos;ta,
the ground water depth - verles from 0 to 10 feet The upper
saurface upto a depth of about 1lu to 20 ft 15 composed of soft
to medium gilt clay thh S,P,T, valuee verylng between 4 and 8

only and is underlaln by medlum compact sandy soil, The organic
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soils are also occassionally present, The deposits are gsnerally
normally consolidated with higher compressibility and lewer

shearing strengths,

in the other two zones of Tidal and swamp deposits as
well as Daltaic and tidal deposita; the upper aurféce-uptn a
depth of about 1U to 2U feet comprises soft to medium silty
clay deposits of medium plasticity end of medium compreséibility,_
The deposits in most of the locetions exhibit slight precon-

solidation bebaviour due to the loss of overburden by dessication,

o
- x

Urganic materials liks fine fibrous fragments of decayed
vegetable metter, black in culourlmixed with particlas:ranging
from clay siée to sandy size are nccéssionally présent. They
are predaominant especially in must of thé iocations of Khulna
region, They ars soft with relatively higher comprsssibility
and water contant; The water contents in some locations of

Khulne region are found to be as high as 68 percent,

The deposits along the shore of Bay of Bengal consists
of surface sediments and are normally attributable to slumping
due to wawve action on the shors ma#grials. The deposits possesse
relatively narrow particle_rapge, andlcpﬁtsin appreciable
quahtities of ao;ubie salts which ars consideredfhighly
unfavourable for use as—fuundatioq matefials; The colloidal
activity of the so0il deposits encouﬁfarad in most of the
lacations in the. region show§ values éfeater than 1,50 indicating
the soils to be in the activé gfoup, The sodium and calcium |

sulphates are highly daletefious.tn contacting concrete,

L
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6,3 Problem of Salinity and Foundation Remedy

’ The coastal belt along the shore of Bay of ﬁengal can

be regerded as salinity zone where %oundations are usually
subjected to sttack by the aggressive compounds present in

the soil, Concrete foundations exposed to sea water are

mostly affected by the sulphate attack in the ground, Their
deterioration is visible due to spalling of the concrete which
in turn is caused.. as a result of corrosion of the reinforce-
ment, 9Steel structures are subject to corrosion, Protective
measures can only provide immunity against such detsrioration,
It s therefore, important to investigate the possibility

of corrosion in the salinity zonas, A full chemical analysis

of sea water samples against the-worst conditiong of salinity
is required, The use of sulphate £Esistiﬂg cement and high
alumina cement in the constructioﬁ of concrete foundation

will be useful to give greater resistandaﬁagainst detericration
to a varyilng degfee. Pra~-cast members sﬁch as concrete piles
may be used for structures likg Buildings, Bridges, Dams,
water Tower, Jetty, etc, Qith madiqm to heavy loads suitably
in the region. Tha concrete pileé may, in that case, be

impregnated with hot asphalt under low pressure before their

use,

6.4 Bearing Capacity Rangs

The performance of any foundation depends un the bearing

capacity as well ‘as on the .stress deformation characteristics
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of the supporting soil, The bearihg capecity depends primarily
on the shearing resistance of the sub-so0il which is taxen as
one~half the unconfined compressive strengths, Thé bearing
capacity of the cléy sup—éoi; is approximateiy taken 3 q, s

It range: alongwith the resative density of different

locations are worked out and presented in Table 6,1,

The bearing capacity qf the sub-soil of most localities
of Barisal region nofmaily varies between 0,57 and 2,46 Tons/
sq, ft at 9 ft depths with some majur exceptionsg in Kawkheali
and Jhalakati where_it showe higher vaiues va;ying between
1.8 Tons/sq.ft and above, The bearing capacity of the sub-
snii in most of the locations of”Bhola,'Patuakhali and Khulna
region generally ranges between 0,85 Tons/sqg.ft and 2.5 Tons/
sq;Ft. In some localities the vaiues_at depths ranging 10 to
25 fest are found to be hiéher than 2.5 Tons/sq.ft having
higher values of dry density. This type of soil is highly
suitable for any gqood foﬁndatinn ﬁoﬁsisfing of footings,piles
or piers. The loose sub-soil having lower bsaring capacity
needs consolidation, The use of fuutiags, rafts, pilas and
piers resting on this type‘ﬁf soil shﬁuld be-prnportioned

in such a way to provide a factor of safety of 3 against a

bearing capacity failure,

6.5 Settlement Characteristics

The settlement of footings on clay soil depends primarily

on its compressibility which is intimately relatad to its
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Table &
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]

Different Locations
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Range aof Values of

Number Sample
Lacations of depth Dry Bearing
' samples in feet density capacity q,
pcf Tons/sq.ft
A. BARISAL REGLUN ‘
Babuganj 2 10 70.5-61.7 0.27-0,70
Hularhat 2 5 78.3-80 0,38-0,46
Hiverbank 3 5 TT-88.3 0,60-1,52
Amanatganj 3 1C 79.0~866,3 0,49-1,23
Amanatgan] 2 20 79,0~-79,7 G,30-0,61
Pirojpur 4 5 76,5-33_0 D,46-0_76
Baﬁaripara .2 5 - 0.43-0,49
B, BHULA REGIUN
Charfession 2 5 90,0-99.0 1.94-1,14
Kachuakhalil 2 5 58,5~E8.5 1.72-2.94
Chanchra Z ) 86,0~95,0 1,72-2,19
Kulgazir Taluk 2 5 9u,0-97.0 0.97~1,84
Hholae (own 4 it 88,6-93,7 U,99-1,49
Bhols fown 3 15 79.6-89.1 0,74-1,42
C. PATUAKHALL REGIOW
lchadi 2 5  83,0-89.0 1.75-2,71
‘Kharizzama 2 5 93,.5-94_ 0 1,57-2,90
Kharizzama J 1u go0,5-93_.95 0,782,285
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Amkhul Hat 2 1U B86.5-55.0 1,.65-2,78

Naluabagi 3 5 83.0-94.5 0.76-2.68

Chandpura 2 5 84,0U-95.U 2.26-3.42

Chandpura 2 10 64,0-96.00 1,57-2.75

Moudubi 2 15 82,0-88,0 0.96-1.09

Golachipa 2 5 85.5-91.5 1,29-2,63
Serajpur 2 5 87.0-87.5 0,79-1,78
Sersjpur 2 14 72,0-80,0 0,78-1,18

Pathargatsa 3 5 70,1-B7.5 0,70=1,14"-
Pathargata 3 10 .84.0-84,50 U.85-1,20

D, KHULNA REGION

Sheikpara 6 5 . 82,0-91,00 0.91-3,11

“han Jahan Road 3 10 | g4 U=~BT, 90 1.74-2.,45

Nhan Jahan #oad 4 25 76.0-84 .00 G.92-1,98

Khulna Fown 2 15 ¢ 85.0-89.00  1,53-2.78

Jessore Road 2 25  85,0-90,00 1.55-1,74

icalpara Power 2 5 B4,0-94,0 1.54-2,84

atatiaon

Bagerhat 5 5 73,0-8Y9.6 1,08-2,48

mangla 3 5 88.5-93.5 0.81-2,43
Shiromoni 2 5 77.1-78.1 0.76~0.93
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history of loading. It is important to make a reliable estimate
of the amount of the differential settlement that may be
eiperienced by the structures resting on it in oréer to
determine whether Df not the ?oundation layout under consi-
deration is satisfactory, Based on the compressible cherac-
teristics of the normally loaded clay soils of the coastal
region, settlemsnt forecasts for particular type of founda-
tions of particular lacations have been made by means of
computating settlement at different elevatiaons on the base
of structures in order to give the designer a‘satisfactory
basis for deciding the foundation type, The detailed settle-

-

ment calculations are however, presented in Appendix-F,

It is observed that the footings for the column founda-
tion of a 4 storey building.if constructed in Barisgal.regiontwith
compressibility characteristics as already analysed will
ultimately settle 4,26 inches due to the primary consolidation
of the clay layer, Likewise the computation of settlement of
a faft foundation for identical building structure if construc-
ted in Bhola Town with almost identical comprassibility charac-
terigtics will show a settlement of approximateiy 2.05 inchgs,
This settlement.of the raft foundation can be reduced by
lowering the elevation of 1ts base through excavatiun;
Alternatively, friction piles may be used to suhport the

footings depending on the practicability and economy of the

construction at sites,




CHAPTER +

CONCLUSIONS AND RECOMMENDATIONS FOR

FUTURE_RESEARCH

7.1 Conclusions

The conclusions arrived at in this study is tentative,
andlcah serve only as a general guide to the foundation
engineersin the preliminary planning and design work of
foundations of various structures in the coastal areas,
Correlation suggested in fhis study should éerve as an aid
to them to have a first Hand.informatiﬁn of local soil condi-
tions, They are cautioned ﬁot to substitute the results
obtained by using these cdrrelatioﬁs for proper fests where
a detailed investigation of compressibility characteristics
as well as minsrél.combﬁsitiﬁn and their likely effects on
the structures, ié abéblﬁéély'ﬁecessary,

From the limitealiﬁ;é;tiﬁati&ns performed in this study the

. A
following tentative conclusiong may be drawn:

(1) On the baéié of gebiogié origin and the type of soils
identifig; iq-#ﬁi; sﬁpdy;:the cogstal areas of
Bangladesh.mgy b;,d;éided iAto three different zones
(Reference Fié.AT;i).'These.are
I, Hafi;él régi;n¥ 2one of deltaic meaﬁder and
| swamp depo§its.
11, Bhola, Patuekhali and Khulna region: Zone of
deltatic and tidal deposits,
'III“'NdBKHali regiuﬁ: Zoﬁe qf'tidal and swamp
T epesite, -

i . P




The sub-soilsg of theée three zdnes are predominantly
composed of threa types of dep051ts such as cohesive
deposlts, non—cuhes1ve daposlts and a mixture of them
in varying proportions, Drganlc 90113 like peat are
occaésianally pfesent_ The soil furﬁations are stratified,

and have the following distinctive physical characteristics:

(2) The type éf soils éncnuntered in the zone of
deltatic, mmander and sQamp deposits are mostly
inorganic silts uflhedium-plasticity. (Reference
Fig. 5,1}, o
In the:znﬁe of déitéic and tidal deposits,
the soils are muﬁ%ly composed of inorganic silts
of mediﬁm ﬁlasticify with exceptions of Patuakhali
region wHefE the deposits are mostly mixtures of
1norgan1c 51lt .and clay of medium plasticity., In
Khulna region,. presence of organic 51lts and
clayslnf-hlgherxﬁlast1c1ty is prominent, (fReference
Figures 5.2, 5.3 and 5.4), |
In the zone nf tldal and swamp deposits, the type
of . 5011 encoun¥;;ed ¥; mostly composed of mixtures
of 1nurganic élit and clay of medium plasticity.

{Heference Flg, 5 5)
(3) The soil dépoéifa'moéﬁly contain flocculated
strudtures'with-idk QEnaity and higher compre-
ssibility, The pfésehéa of sulphate salts are an

-

indication of theirvpresence,(Reference Table 5.1),




(4)

(5]

Al
N
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The soil duposifs are mostly normally loaded,

The values 6f tompression index varies normelly

in the range betwean 0,20 to 0,30 (Reference

Pigqfes 5,12 t6 5.16),

Some of thé soil deposits exhibit slight pre-
conswlidation behaviour,

Semi-empirical relationships between the paramet=rs
like compression index and liquid limit, compression
index and natu;al watgr content, and compression
index and initial void rafia, have been 5ugqésted

as foallows:

0,0093 {L - 14)
w

CC =
Cc = 00,0147 (wo - 16)
Cc_" g,38 (eo - 0.36)
Qhefelcc = Lompressian index
| L, = Liguid limit
W = Natural water cantent

e ='Initial veid ratio
The value of cbmpreésiun index Cc furnishes the
ultimate settlemeht. of any foundation caused due

to the pnimary consolidation of the soil layer,
(Refersnce Figures 5,11, 5.17 and 5,23).

The soils of deltaic and swamp deposits are generally
soft and possess ielatively low shear strenath

«narmally ranging between 200 to 900 psf, On the

atherhand, the soils of deltatic and tidal zones




(6)

{(7)

(8)
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possess 8 little higher value of shear strength_
normally ranging between 300 to 1300 psf. (Heference
Table 4,4),

The bearing cepecity of the soils of deltaic and
swamp depoéits is low, and normally varies in a
range ‘between 0,57 to 2,46 Tons/sq,ft while their
normal range in the deltaic and tidal deposits
varies between 0,85 to 3,50 tons/sq.ft, This
indicates that .the soils of the latter regions

are cbmparatively $ore congolidated.(ﬂeference

Table 5,2},

The ground water table in the deitaic zones of
Barisal, Bhola, Patuakhali snd Khulna varies
betweanr 0 to 16 feet while in Noakhali zone,it

varies between 8 to 11 feet,{Reference Table A in

Appaendix]), -

The clay .properties of most of the locations are
influenced by their mineral composition, Appreciable

amount of colloidal activity results due to the

N

increags iﬁ'thé‘plésficity index., {Reference °

Table A in Appendix},

Aggressive compounds like sodium sulphates and
calcium éulphates are pfesent in the soils of
coastal areas especially in the areas very close

to the sea, and their presence are likely to




cause deterioration of the foundation, Calcium
and sodium sulphateé of Montmorrilonite group are
predominant in the soil of Patuakhali and Lhola

reglons,

{9) An apprecieble amount of soluble salts is present
in the soil déposits along the shore of day of
lengal. These salts are highly deleteriocus to
contacting concrete, The concrete foundations
exposéd to sgalﬁater.are likely to be affected
by the salt attack in the ground causing spalling
af tHe-concrete,.Adequéte remedial measures must
bhe adopted in the désign, construction and mair-

tznance stages for such foundations,

{10) Footings Fof:buildihg étructures with light to
medium loads ;ré mofe suitéble in areas where the
silty cléy 36il§ are generally soft, Pile Fanda—
tionsg for strdéfd?és of medium to heavy loads are
more suitable in-areasrwhere-the compression index

vglﬁe ié iﬁ.thé rangé,nf 0,15 and above, In order
.to avoid éiéﬂagiv;;différentiai settlement oft
individué;1foéf¥ﬁ§é:%@rlﬁédium to heavy structures
due to fg;fﬁfe;;;e;vS;.soft layers benesth the

.y

base of fhe footiné, the use of piles or raft iu
desirable, For ffamed structures, the use of raft

*foundation is tonsidered more suitable,
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7.2 Hecommendation for Future Study

e
o

The investigations into the behaviours and character-
istics of the soils of coastal regions of Bangladesh is ro
doubt a painstaking exercise, Short duration study and
laboratory research is definitely insufficient to look into
its different aspects including chemical analysis of the
mineral composition characteristics because of its nearness
tc the sea, More extensive study byvtaking more representative
scil samples of the regions is very much needed because the
data base in the present study was no£_sufficiently extensive,
Iin the present study, the numﬁer of soils samples collected
especially from Barisai, Khulna and Noakhali regians is not
enough to have a full.generalised ﬁictures of the soil condi-

tions in the context of foundation requirements in the locality,

in order tp present a geheralised picture of the engineer-
ing properties of sub-éoil of coastal region, the author,

suggests furthsr study in future on the following:

(i) More dats based ;fudy.on the behauinur and engineering
p;opertiea of éub-soillof entire coastal regian

includiné the afeés of Sugderban, Hatiya, Sandw;p,

Maheskhali; Kutusdia, and Cox's Bazar may be under-

taken in order to suggest improvement on the corre-

lations already suggested in this study,

(ii) 5tudy may be made on the mineral composition

L}

characteristics of clay soils of coastal regions




. and its likely effect on the structures in the

locality, J o l
(iii)Dbservatigp may bé qn§é¥taken by the investigators

oﬁ the Behéviaﬁr.mf.thé structures built in this
coastal :ejipﬁ; iﬁ order to study the lang term
effect and:its likely deterioration for being
nearer to theiséér Stﬁdy may be made on the
causes of failéfg-of same.étructures which may

have already;faiied or are showing signs of failure,
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PHYSICAL PRUPERYIES OF LOIL

APPERNII X-A

2AMPLES

a3
1
15
1%

CTEST ZONE: BARIGAL
T e e, e P oy ToTleT
o ' depth Lw % Ip,
- in ft,
1 2 3 4 5 6 8 9 10 11
.1 Babuganj. | 1. DL(FC) -0'O" 2,69 a5 19 23 0.82
©3 2 River Bank(IWTA) - I UL(ss).. ara 2,675 41 12 6 2.00
3 w0 o TR ua(ss) 6rar 267 a2 15 7 214
a4 no 3 . UL(sS) 6'Ov 2.68 44 16 B 2.00
5 Jhalakati 1. UL(HR) 1'5%° 2 68 37 G - -
"6 . Jhalakati - 2 U2(HR)  3'7" 2,68 41 14 - -
.7 Jhalakati 2 US(HR}  3'7" 2.70 a1 11 - -
-8 Jhalakati 3 U2{HR) 56" 2.68 40 - -
9 xiver Bank 1 DI{HR)}  2'1G" 2.67 39 - -
20 wiver Hank 2 DL(HR)  3ra"  2.47 31 - -
11 diver Bank 2 U1(H3)  3r4" 2,72 39 1 - -
-2 Hiver Bank 3 H4{HR) 3ron 2,67 45 19 - -
Hiver Bank. 3 J5(HR) 3L 2.68 . 36 11 - -
K awkhali 1 GI(FC)  10'C" 2,69 .1 54 27 26 1,04
Kawkhali . JL(FCY  10'um 2,68 .4 38 21 10 2.1
Keyabunia 1 UL{H) I 2.66 5 49 17 - -

EOT



a7

24
.;;jzsﬂ
- 26-

.28

a0

2 3 3 5 6 7 5 9 10 11
Keybunia 1 U2{HR) i 2.67 41.1 44 19 - -
18, Kéyabunia 1 U2(HR) 1'7" 2.67 31.5 a1 12 - -
19 Keysbunis 1 D&(HR)  1v7v 2.66 34.0 38 12- - -
20, Keysbunia 2 UL(HR) 91 2.67 37.2 50 18 - -
- 21 7- Keysbunia’ 2 U2(HR) C 9'r" 2,67 30.7 44 12 - -
22 . Keyabunia <’ 3 - U2(HR) . 1'11"* 2,66  135.9 44 11 - -
723 . Keyabunia. . 3 U4(HR)  1'11 2,67 © 35,1 a7 14 - -

Hularhat .1 ul(ssy® aror 2,70 50.% 32 11 9 1,22

5. Hularhat - 2 Cul(ss) 43" 2,71 43,5 38 21 10 2,10
:‘quohafpurU 1 bl(HR) argt 2..70 35.8 41 13 - -
27 Monoharpur 1 D2{HR) 4'p" 2,70 32.0 34 10 - -
Monoharpur 2 U2(HR) ioro" 2.71 34.5 a7 20 - -
- 29. _Monoharpur 2 N6{HR) igron 2,71 je.4 36 9 - -
Monoharpur ] DT{HR) 19" - 2.73 39,9 37 12 - -
- 31 Monoharpur 3 UL{HR) 1rgn 02,73 41,3 47 22 - -
32 Kachikata 1 U1(H])}  1'11" 2,67 36, 4 14 19 - -
33 kachikata 1 U2(HR)  1'11"  2.67 33,3 42 15 - -
34  Kachikata 2 BL:HR) 11teM 2,67 34,0 12 19 - ~
35 Kachikata 2 DS(HR)  11'2" 2,67  18.3 AL 13 - -
" 36 Kachikata 3 Bl{it} it 2,67 32,3 32 3 - -
37 ~dchikata 3 a59({H4+; atyl, o 2,67 471 12 1l - -

vOT




1 2 3 4 5 6 7 8 9. 1G 11

38  Fulbaria 1 pa{HR) ™ 2+ 70 2.67 40,1 34 1C ~ -

39  Amanatganj 1 DL(HR) 4'6" 2,69 31.9 36 11 - - Co-

a0 Amanatgaenj 2 Ud(HR) 42" 2.69 42.17 37 16 - -

41 - Amanatgan] 2 D3(HR) 42" 2,6h9 36.5 35 10 - -

42 . Amanatganj 3 D3(HR)  4r'Q" 2.69 37.0 35 g .- -

43 Banaribara 1 Do{fFCy® o'o" - . 2,65 60.6 47 .18 5 -.3,60

44 Banaripara 1 D1(FC) orpg" 2.65 34,2 . a7 - 21 ~9 2,33

45 . Banaripara 3 ) 26 . & 4,33 -

U1{FC) 4'p" 2.62 54,4 61 .

¥ PC, HR, and SS5: in thas parenthesis indicate the sool samples collectsd by Foundetion
Consultant , Dacca, River Research: Institute, BWDB, Dacca and Sub-soil Engineers,
Dacca respectively, '
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Charfessoni)
Charfesson{ N}
Mafizebad
Mafizabad
Mafizabad Lhar
Mafizabad School
Kuchiamara

- ~Ershadig

Aslampur

Katabania

Jalil Beparir Hat

Nilkamal

Char Jamune

Char Kukri Mukri

Madras (i)

Madrus( i)

Madras(w)

riajarigon]

J2dth medras

hat

hat

sandu F2lly
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DL(FL)
UL(FL)
J1(FC)
D2({FC)
DI(FC)
D1(FC)

D1(FC)
DL(FC) .

D1(FC)
D1( FC)

D1{FC})

D1(FC)
D1(FC)
01{FC)

pL(FC).

B2(fL)

D3I FC)

J1(FC)
G106
Jy(Fyg;

Jr{rC}

oL{-Ci

2.67
2,67
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2.68
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1 2 3 4 5 6 7 B Q 10 11

23 Char hanikals) 1 LI{FE) 1'11" 2.67 27,4 38 13 11 1.18

24  tajher Char 1 DI(FC) 2'0"  2.68  26.4 40 14 6 2.23

25 . Ansnd Prashad(N) .1  D1(fC) 5'0" 2.68 32,7 33 g 10 D.80

26  Anand Prashad(ii) 1 p2{rCc) 5'O" 2.68 37,3 33 7 8 0,88
27 Kachua Khali 3 D1(FC) ©'C" 2.66 is.0 43 20 .4 5.00 . - .
28 Dhaligour Negar 1 DYI(FC) go" 2.68 29.6 35 9 '10 . 0.90

29 Nayabangania 1 DI(FCYy 1'om 2,68 42,2 44 18 3,00 .
30 Lakshmipur 1 DI(FC) 40" 2,68 34,0 45 19f 8 2,38

31 " Dasherhat 1 DI(fC) 2'0" . 2,67  28.2 a0’ 18 - 4 a.s0

32 Krishna Chandra 1 DI(FC) Sr@" - 2,68  35.0 45 19 12 1.58. ©
33. Chandpur 1 DI(FC) 5'0"  -2.68 32.0 a1 16 - 3 5,33
34 Chandpur(w) 1 DI(FC) -2'0" 2,67 29,7 ‘a2 17" 4 4,25
35 Kulagazir Taluk 1 .PL(FC) B'lU* 2,67  31.0 41 15 4 3,75

36 Kulegazir Taluk 1 D2(Fc) @r10"  2.68 37.0 47 22 5 1.37
37  Kulagazir Taluk 2 D3(FC) 8'6" 2.68 40,0 a6 21 14 1.50

38 Char shakuchia 1 DYI(FLC) 120" 2,67 26,0 4g 24 9 2.66

39 Char Shakuchia 1 - DA(FC) 1z2'g" 2.67 29.8 32 6 5 1.20°
40 Lher Shakuchia 2 pe(FC)  11'3" 2,67  32.C 3 11 5 2,20

A1 Char Shzkuchia 2 DI{FC)  11'3a" 2,67  29.0 30 13 9 1,44

42 3akuchia () 1 J1(FCYy 216 2,67 37.5 37 10 12 .83

43  Cher Faijuddin 1 01(F%)  G.a.L. 2.66 30 .8 39 14 6 2,33




1 2 3 4 5 3 7, o 9 10 11

44 rezirhst 1 L(FCY t.e.L 2,67 41,2 3t 14 23 U.61
45  Andir hat 1 DL(FC) 2'a" 2.68 39.4 44 16 4 4.00
46  Andir hat L w2(FC)  2'Q" 2,68 42,1 as 20 20 1.0
47  Char Mabazan 1 DL(FC)  2'A" 2.67 29,5 38 12 11 1,09
48 west hacua 1 bI(FC) 1'6"  2.68  29.8 a6 20 7 6.67
49  Char Gomani 1 DL(FC) 10'2" 2,67 36.0 31 12 "9 1.33
50 Char Didarullah 1 DL(FC) 2'G" . 2.68 30.8 36 11 J15 0,73
51 Bhawanipur 1 D1(FC) ~12*@" 2,67 41,0 a4 19 . I 2,38
52 ° Char Lemchipata 1 D1(FC) 1'6" 2,66 32,0 36 8 B 1,00
53 Sayedpur 1 D1(FC) 4ro" 22,67 34,0 36 6 1,00
54  Sayedpur 1 D2(fC) 4'0" 2,67  36.0 36 12 0. 58
55  Hazipur 1 D1(FC) s'O" 2,67 33,4 38 11 4 2,75,
56  Sukdev 1 DI{EE) 13°'9" 2,68 33,0 a7 21 .6 7 3,50
57  Sukdev 1 D2(FC)  13'9"  2.68 31.6 45 18 g 2,00
58  Char Subi 1 DI(FC)  2'&" 2.67 32,6 36 10 4 2. 50
59  Char subi 1 G2(FC) 24" 2.67 3§, 5 a6 19 7 2,71
U  Fearpur 1 U1(FC)  b.L. 2,64 27,6 43 18 16 1.13
61 FraTpur 1 w2LF L) Lot 2,60 4l1.5 e 12 18 U.EB7
62 sholam Hehman 1 JI(FC) itgn 2.67 35.5 34 & 3 2,LC

ochool _
£ sorth kazau 1 J2(Fe)  LloR" 2.67 33,0 37 1 3 3,33

801




"7?

1 2 3 4 5 6 7 B g 10 11

64 worth Murad 1 Da{rc) itet 2.67 ag, 2G 33 10 6 1,67

65 Shola hMadrashs ‘1 du{Fc) 3'6" 2,67 37.0 36 11 G 1,38

66  Khurki 1 DI(FC)  2'0" 2,67  30.C 32 5 9 G.56

67 Lhar Chandrs 1 bL(FC) 40" 2,67 32,0 NP - S -

68  South Chamchra 1 DI(FC) T'0" 2,68 32,0 4% AT - Lz

69 Durlavﬁur 1 ADl(FC) 2'4" 2.67 25,0 41 B Ecgiflf63_ T

70 Durlavpur . 1 D2(FC)  2ve" 2,67  -.28.0 - 3T 7. 2. . .3.50
71 Jhin Nagar L DL(FC)  2'4" T.2.67 28.0- . . NRCLoUn - N

““Bhola Town 1 ux(ss) coror -o2067. 3w ar s A L4 2,56 -

73" 'Bhola Town 2~ UL(SS) “6"Av.G.L2.67 33,14 36.. T 100 4% 2,80 . LT
74 . Shola Town 3 UL(sS)  1v0™ L 2,680 C 34,96 . LAY it 140 45 avsp

75  Bhola fown a  ul(ssy 1'i" 2,67 37,23 L. a2 16 7 503020

76  Bhola Town 5  UL(SS) 1'0" © 2.68  29.60 37 - 10 5. - 2,00

77 Bhols Town. 5 U2(ss) 1'G" 2,67  39.28 43 5 4 . 1,25

78 East Charpata 1 D2(.FC) 13'pn 2.67 27.46 g 10 5 2.00

79 Cher Kachapisa 2 p2{Fc) et 2,67 36.0 39 11 .5 2.20

51  natabania 1 p2(fCy 76" 2,67 40,10 36 14 .6 2,33

62 bouth char Lhiba 1 B2(FC) 40" . 2,67 26.7 33 6 fﬁjf§§% 8 6.75

.‘ A A

60T



A= B o - B I * ) T ¥ T SR IC B T B

L. TEaT 4Cwe: t aTLARHALL
1 2 3 A 5 6 7 8 9 19 11
halagachia 1 VI(FC)  3ro™ 2.67 35,6 49 25 - -
Ichadi Hoard 1 D1 FC)  7rO" 2.67 48,0 a7 22 12 1.83
bolachipa 1 D1(FC) 4rpe 2.67  28.1 - - 8 -
solachipa 1 D2(FC)  4rg" 2.67 40,1 36 5 10 0.50
Sutabaria Lircle "1 D1(FC) otp" 2.57 29,5 43 18 14 1,29
Sutebaris School 2 DI(FC) 5'0" . 2.69 28.0 a7 17 .10 1,70
Kharizzams School 1  DI(FC) 3'6"- 2,68  29.6 35 1o 23 0.43
Kharizzema School 2 DL(FC) 5'0" 2,68  29.8 40 15 - 11 . .. 1.36
Kharizzama 3 DI(FC) 62 - ' .29.0 a5 o1z LT 12 1,00:
10 North Amkhola 1 DI(FC) 3'6"  2.68  38.6 43 17, 15 1.13
11 Awliapur Het 1 DI(FC) 2'6"° 2,68 3005 36 10 21 0,48
12  Awliapur Hat 1 D2(FC) 2'6" 2,68 V.5 3 10 13 0,76
13 Amkhul Hat 1 DI(FC)  3'Q" 2,68 26,4 42 - 16 13 1.23
14  ualuabagi Board 1 DI(FC) 4'6" 2.67  28.7 43 18 a 4,50
15 Naluabagi Board 1 D2(FC) argn 2,67 38,5 37 12 13 6,92
186 haluabegi school 2 gl{FC) £ign 2.67 0. G 35 18 6 3.00
17 amkhul Hat 3 D2(FC) B'lu"  2.68 35.0 46 13 10 1,30
1h waluabagi School 3 J2(FC) 72" 2.67 34,0 33 3 4 0.75
19 inar tholaisingh ) JL(FE)  2'Lv 267 30. G 46 21 11 1.9¢
2o vashbarial (n-.; 1 DI(FL) Grin 2.67 24,5 35 13 18 L, 72
21 vhandpura i JI{FC) 23" 2.7 7.0 c1 21 25 L.64

oTTY




1 2 3 4 5 6 7 8 9 1y 11

22 Chandpura( s) 2 FC) 58" 2.67 31.4 N, - - -

23 south Chandpura 2 ul(FC) Byt 2.67 28.4 41 9 16 .56
24 Golkhali 1 B1{FC) 5'o" 2.68 31.5 43 19 19 1,05 .
25 Gealkhali School 1 DI{FC) 38" 2.68 30.0 50 15 12 1.25
26 North Badura 1 D1{FC) &'0" 2.68 32,7 45 20 20 1.00
27 Patar Char 1 DI(FC) 510" 2,67 28.0 '35 6 .5 1,20
28 Jautha (E) 1 D1(FC) 1'0" 2,68  33.0 a7 - 19 29 0.65
29 South Kalyasnkalash 1  DIL(FC) 1'8" 2,68 - 39.8 . 44 16 15 1,06
30 Central Betagi 1 D1{FC) 2'O" 2,68 32,5 38’ 11 10 1,10
31 Char Chandrail 1 DI(FC) 2'9" 2,63  34.8 a2 17, 21 0.80
32 Nazmulchatrs Seh. 1  DI(FC) 5'0" - 2,67  30.6 - 44 18 100 - 1,80
33 East Pardakua 1 Di(FC) a'O0"  2.67 32,8 46 20 6 3.30
34 Ulanialb-E) 1 DI(FC) gr'Q" 2.67 28.5 39 13 12 1.08°
35 Ulasnia (5-&) 1 na{rc)  9ron 2.67 33,3 43 17 8 2,12
36 Gozalia Hat 1 D1(FCy  2'3" 2.68 29,0 45 20 14 1.42
37  uwozalia Ha 1 D2(fCc; 2'3" 2.68 36,6 42 17 12 1.41
38 Kaleshkhali (Z) 1 DMrFC)  7ra" 2,67 38.C 45 20 6 3.33
39 Panpatty (i-w) 1 D1(FL)  S'u" 2.67 35. 5 44 18 14 1.28
4L Lhar hMomtaz 1 SI{FC) 1'6" 2.67 38,2 36 a 16 .55
4] Faf.aTry Luar: 1 J1(FZ) Trp 2.6d 1. 47 1A 11 1,45
42 Panpatty Loard 1 J2{ o} 2ra” 2 _EH 3.2 34 H 3 2,66




1 2 3 4 5 6 7 5 10 11
43 Al-Ameen 1 l(FC) 2'4"  2.67  31.8 49 24 13 1,84
44  Ahmedpur 1 D1{FC) 10'C" 2,67 28.0 a5 8 - 6 " 1,33
45 Gohin Khali 1 DI{FC) 4'0" 2,65 35,4 39 13 12 1.08
46 _Gohin Khali 1 D2(FC) 4%C" . 2.68 35,4 45 19 12 1,58 °
47 Haldie Khali 1 DY(FC) 2'6" - 2,67 ‘35,0 a6 21 o -4100 . 210
48 Haldia Khali 1 D2(FC) - 2'6"  ".2,67  35.0. .50 SIS U I T S A
49 Chinsbunia 1 DL(FC) - 2'6"- 2,67 31,6 - -39 . A3 .o 02 -0 1,080
" :.50 -~ Chinabunia - 1 D2(FC) 2% - 2,87 374 ._"aﬁff;ﬁfﬂi;7¥, | ﬁ'fn;_;.'Lfsbg3 B
' 51 Kachua Hat 1. . DI(FC) .©0'4" . '2.67°. 260 40+ .-..Xa 0T 7. 72,00 i
52 ' Katakhali - 1 pi{FC)  s'0° 2067 C.AN,§ . a7 U2 ui00 T 2,200
53 . Katakhali 1 D2(FC) .~ 3io™ - 2067 C.3mE Tas T Ui 23 g2
54 Alipur Union 1 DL(FC)- 2'0% 2,67 ' 26.9: - ST i 2§~ A .6,.25 70
55 Golachipa College 1 DL(FC) 2'6"  :2,68. 35,4 .40 . 15 . A ¥ 11X
56 Golachipa College 1  02(FC) 2'6" 2,70 34,5 48 237 211, - 2,19
57  Fulbunia 1 DI(FC) 5'2* ‘2.67 34,2 32 10 12 . D.8B3
- 88 Fulbunia 3 D1(FC) 5'0" 2,67 34,0 15 10 - 13 D.76
59  Kheprabanga (N) 1 Ddi(Fc) s'O" 2.67 - 30,4 13 3 12 . 0.5
6U  Lalu Rahimuddin(N) 1  DI(FC) 6'0"  2.67  40.5 as 21 8 2.62
61 Lalua rahimuddin 1 DA(FC}  6'L" 2,67 40,5 43 20 8 2,50
62  Nizampur 3 DI(FC) 7 ste" 2,67 38,8 47 26 28 L.71
63  Umedpur 1 DL{(fC) 6'6" 2,67  36.u 45 20 16 1.25
64 Umedpur 1 02(F2)  6'6" 2,67  3T.6 46 21 17" 1.23

AN



2

.

1 4 5 6 11
65 serajpur JL{FC) 7t 5" 2.67 43 g 0.75
6E Serajpur U2{FC) et . 2,67 48 13. 1,62
67 #.B.College DI{FC) 6'0" 2,67 a6 21 1,40
68 ~Teakhali {5) 1 D1(FC) 6'0" 2.67 46 1.66
. 69  Tangibaria 1 DI {(FC). 4*p" 2.68 45 0,95 -
70 Mushaliabad 1 p1{fC) 1'O" 2.67 B -.1.00
71 Gezipur 1 DL(FC) 2'0" 2,69 - a0 _x027
772 [ _Gezipur 1. B3(FT) 200" 2,67 38" 1,57
173 Sonskhali 1 DI(FC) . 20" 2.67: 39 O3S0
74 Londa Hafizuddin 1 D1(FC) ~O'0" 268 . 4z 0,85 . v L
75 ° Patua Al-Ameen 1 bi(Fe). -ivon . i3ceT - 58 28 26l T
76  Patua Al-Ameen 1 p2(FC) Crveet 267 . 37.0.. 18- B ST SRR - £ S
77 Rupda Bandar 1 DL(FC) "3t 268 a1 16 2,00
78 Taitali 1 D1{(FC)  arQ" 2.68 .46 20 : 1.05
79 Taltali 1 D2(FC) .arap" 2.68 48 23 1,35
B0  Harguna 1 D1(FC) 2'e6" 2.68 46 20 ©1.53
8l darguns 1 B2(FC) 2'6" 2,68 39 9 G.75
82  sSubidkhali 1 D1(FC) srgn 2.68 a5 20 1,66
B3 dauphsl 1 JL(FC) Ore" 2,68 39 15 1,25
B4  Dhandi 1 v2(fc) 2 av 2.68 43 18 1.63
Ul shawla 3chool 1 J1{rl) 2'6" 2.6K 46 21 3.5C
k4 shewls uchool 1 Y2 FLY pre 2.60 A7 71 2,10

ETT



1 2 3 4 s _ ___6 7 9 11
87 4osani achoeol 1 DL1(FC) 5'u" 2.68 29,0 as 1.90
8o north Devpur 1 D1(FC) grao” 2.67 | .2rl5_6 40 1.07
89 Patuakhali lown 1 u1(rC) 21ran 2.68 26.8 a2 3,40
90 Bara Baliatali 1 D1(FC) 20" 2,68 . 34,4 47 0.91

.91  Shari Khali 1 D1(FC) 310" 2.66- 31.6 a7 . 1775
92 Paﬁharghata‘ 1 U1(55) 4'6" - 2,69 38,1 45 _ 0.68

53 - Pathargata 2 ulL(5S) 30" 2,68 -35.6 5T - 300 2.00

‘94’ Patherghats 37 ui(ss) .sTO" T U2.67  siTcoweso. o 3%E 2,06
93 . Betagi ’ 17 u1(sS) _1'6"_m.22§6?' ' -45:80 - 61 _zg'f -
96 - Betagi . 1 U2(ss) 1'6" - 2,67 - 31,52 © 39 . . .65 -

97 Betagi’ 2 _ Dz('ss ) -‘ZIOH.'. - 2,63 . ;'7.'_4_1.'-"10- | 44 | 5 g :

98 Betasi 2 Da(sS)  1vem - 2.67" 34,67 41 13 -

-
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£




b, Jical LDwd:

Kb

i

10

11

12

13

Sank ra
Sankra
Sankra_
Sankra

Sankra

"Sankra

Sakra
Sankra
Sankra
Sankra
tiangla
hangla
bashalbari

Bashabari

D3 Ha)
Uzé HR.)

Ud (HH)

- U2(HR)

U4{HR)

U2(HR)

UA(HR)
. DL(HR) -

U2(HH):'

Ua{HR)

B2(FC}

BTFL)

B1(FC) -

BI(FL)

'4'6"

SID.'!
510"

501"

‘Sllm,
arg"

59

5! 9"
5'9"
51 G

Gro

' dI'GII

T'U"

e

2.66

2,727

10

22

511



1 2 a 5 € T g 10 11
15 Ferry ghat D3I(FE)  2'5" 2.67 34,5 38 18 8 2.25
16 Ferry ghat pa(Fc) -3*a" 2,65 33.6 61 28 16 1.75
17 Goslpara pa(Fc)  2r11n 2.61° . 31.5 B6 T ﬂiﬁwr. -1.00
18  Goalpara D3(FE)  2'6™ T 26T aa.6 52 "ii ) ﬂzﬂ-ésf':‘ 1,08
© 19 .. - Goalpara p2(FC) 3'07 :%_é.éﬁu"azﬁ.és,l.faf.;f' i €: ':iéif” Dgﬁd
20  Paikgacha p2(FC)  5'0" :;z;éa',_ 36 .00 "135 o g 0;85;
21- Paikgacha ' D3 _F.C) ‘4'67'!.. __2,-6__6._ 37.0 ' 33 ‘:6,_»“ 2 33;‘_;00,
22 Paikgacha pa(FC) Cster 2,66 . 33,00 32 T e .66
23 Khalishpur BO(FC)  1e'0" 2,67 ﬁ ‘zé.is 6 :é‘ 3 2{36
24  Khalishpur po(Fc)  15'0" 2,66 27.42 33 9 2 4,50
. 2% Khalishpur p1(FC) 6'0" 2,67 32,12° 39 11 2 5. 50
26  asheikpara DL(FC) o©'C" 2,66 36,0 52 29 5 | 5, 80.
27  Sheikpars pDa(FLy  Gr'C” 2.66 38.0 8 16 7 1.43
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APPENL L X=H .
Lhin s1ZE CLASIFLCATLIDNS
A. Teol ZUWE: BARLSAL-
ol . dore S5ample fype Specific ODry
no, ~-ocation Hole  depth of gravity unit Pgq - 1o 60”210
No in ft, sample .weight cm _ . cm
1 River Ghat 1 U1(S5). Silty 2:675 83,33 0,026 £ 8.0035% - 7,42
cley R, K L R
-River Ghat 2 UB2(S5) Bilty 2.67.-. - 79,10 .-0.04 " 510,006 6,66 -
- - : with - L A ey s L T D -,
: fine _ ) g : ; .
sand, - C T we, e
trace - S . ) P R
clay T = ot R
3 Hularhat 2 1(5s) " 2771 7873 0,036 . ..0,007 5714
‘4 Hularhat 1 p2(53) - 2,70 800 0.047 .- 0,007 5.71
5 Keysbunia 1 UL{HR) 5ilty 2.66 85,0 £.015 0.001 10,00 -
clay .
trace
“fine
sand
6 Keyabunia 1 D2( HR) " 2.66 86.5  0.025 G.U035 7.14
T b.ulT.A, 1 D2{HR) 5ilt 2.67 79.1 0.0 D.006 6.66
trace
fine
sand

BTT




1 Z 4 5 6 7 8 g 1C

8, 1w, T, A, D2(HA} S1lt 2,67 79.1 a. 076 0,025 .04
fine
sand

9 Janaripara Ul{FC) oandy silt 2.65 - D.,03z2s 0,003 10,83
trace clay

10 Banaripara - U2{FC) Sandy 2.65 - 0.017sS 0.0029 6,03
silt :
little
clay _ . _

11 Banaripara DA(FC) Silt with 2,65 - - 0.0435 . 0,01 4,35

sand, trace
clay

B11




APPLLII A=

GRALN SIZE CLASSIFICATIUWS

fine sand
trace cley

H, TEST LONE: BHLLA
31, e s Bgré Sample Type Specific Dry
No, Location hole .depth of gravity unit DGU DlU DGU/DlD
N in ft, le iaht : c e
+ va 2 1 1 f— =2 - g pag]
1. Bhabanipur 1 - U2(HR) silty cley, .2.67 . - 0.-03 ;kﬂfﬂﬂsf;mﬂu 5
- - ---trace of : - o RN ;lﬂ‘ o
] , fine sand . ‘ _ L R It o
Bhabanipuxr 2 U2(HR)  ~do- . 2,66 - - = T .. 0;62° 0806 ;. %. 4,5
3. Bhabanipur 2 U4(HR) silt with 2,68 - - F0.03.F 700,007 0 4S5t
fine gand - Ui e L Tl e
_ trace:clay - ) T LT _ _ i
4  3hola Town 1 Ul(8S) silt .trace. - 2,66 - .-~ 004 - ‘-0.012 3,52
fine sand ., o oo s LT T Ty .
5  Bhola Town 2 U3(S5) silt trece 2.66 - 0,03 - 07009 - 3.88
v fine sand . .
6 dMofizabad 2 BL(FC) silt,little 2,68 05 0.0S 0,C11 4,54
clay sand .
7 Dhaliagour 1 U1{¥C) silt clay 2.68 93,4 ' 0,008 g.001 " 5,33
Nagar fine sand
8 chandpur 1 UL{FC) silt with 2:67 91,0 U,035 0.0068 5,14

0zt




trace
fine sand

L. T& [ CUNL:PATUAKHALI ,
1 2 3 4 5 6 7 8 9 10
1 Patuakhali 1 UL(SS) Clayey silt 2,69 842 0.075 0,016 4,68
Town . trace fine ) - '
. sand i
2  Patuakhali 1 .BS(SS)} Sandy silt . 2,68 ... 84,0 .0.070 S L-p.br2n . 5,83
- Tawn ' . ... trace.clay o S S
3 Ichadi ‘ 1 D1{FC) <layey silt 2.67. f?Jﬁﬂ;bf;'j.Uiﬂlgf';?}gdlﬂﬂagﬁ:?;f;4;l3j_-" “'
N . o .lifttle-_-.fi,nar_‘ ol LT e e e e T e e e i N
- sand Sl -
4 7 Khsrizzama -1 ‘D1{FC) Clayey silt - 2,68 ‘
' little. fine - - _.... .
sand ~ - L .
5 Naluabagi 1 D1(FEC) Clayey silt- 2.67
© little fine P
sand . | )
6§ Panpatty 1 D1{FC) 35ilty cley 2.67 86,7 0.014 10,0035 4.00°
Board : fine sand . ' o
7 Panpatty 1 D2(FC) 3ilt, fine 2.67 91,0 0,065 - 0,011 . 5,90
Board sand trace :
clay ’
B uohinkhali 1 B2(FC) Clayey silt 2,68 . 86,0 0,011 0.0025 4,40

1271




9  Katakhali

lE'TTdngibaria

.10 Golachips D1(FC)

- D1(FC)

Silty
trace

... sand .

D1L(FC)

- 5ilty
trace
sand, |

Silty
. trace

" -gand"

fine

clay

'-Cl ay . _" R .

Fine . e,
clay :
.fine SRR

2eT




g,

'TEST abivgp:

4

:. "+ Sankra

Llay fRoad

. Clay FRoad

Goal Para
Goalparsa

Khalishpur

-

D1{FC)

_b2(F0)
'-Da(rc)‘

< U3CFC)

CUI(FC)

U3IGFGC)

UL1(FC)

U3I(FC} -

Bbl{FC}

5ilt, trace
cf fine

_.Clayey Sandy '¥'¥f lVfr°
tley. Sllt.ji*fr‘f’

flne saﬁd

I

n’Sandy clayey

Clayey silt
‘with little
sand(organic)

vSapdy silt,

G.035 . 0,0035 - 10,0

0,027 . .0,002. . 13,5

07 0songe I UIODIS N Eas
00,0085 °0/0014 - - i 6.0

0.0097 . 0.001 5.70

0.025 0.006 4,16

—
-
w




10

11

12

13

14

15

Khalishpur

Khalishpur

‘Shiromoni .

Shiromoni

Gallamara

vallamara

U1(FC)

. D2(FC)
U1(ss) .
u1(ss)

B3(5S)

B3(55)

'"Band trace
silty clay -~ ...

"fine sand -

| Silt with oo

Silt with
sand, trace
clay

Silt,little

-Silfy“cléyﬁiﬁ'

trace fine. -
sand -

-

clay ‘trace
fine sanhd

Silty clay

with peat,

trace fine
sand '

2,68

2.67

2,67

. 2,67

R :

2.675

- 0.029

78,10 - 0,05

7 gas80 0,037

L

9 6. 5 3.

71.76 0,035

g.o2s. . "

vet




E.vTEsT ZUli:

NUAKHALT

1 gashkhali
Khal

2 Kashabia

'3 Kashabia

d-.'Bhatardoné_

5 Mahipal
6 Mahipal
- T Ramgati
B Hamgati

9 maijdee Lo

urt 4

D2(AA)

D2(HR)

:Dl(HR)'

D2{ HR)

ue({ss) .-

uo{ $8)
D1(5S)

D1(5S)

5ilt, trace
of fine
sand

3ilt, trace

“of fine
"sand

Silt, trace
of fins
sand

Fine_sil#yi-_

sand =

5ilt, trace
fine sand

S51l1t, trace
fineg sand

o 9ilt,little

fine sand

dc trace

fine sand

9ilt
sand

and

2,67

2.665

2.665 .
2,61
- 2,685
- 2.688

2,65

2.665

2.67

88,0 6.03

86,4

e T

- 0.042

' 0.058

0804

0,006 5.6 .

s TeipoT2: 3,33

-2
.=
S A -
R = 3

4725

P

Lo w “:ha;ﬁﬂ,:
' §.0065 5535
_:U}UiS e
0.017 3033

0,008 5.25

-
na
wn




10 .Maijdee Court

11 mMaijdee Court

v . -

12 Maijdee Court

D1(FC)

UBI(FE)

D2{FC)

511t with
sand
little
clay

Silt. with
.gand, o
. trace -
~clay ]

Silt with

sand

2.67
2,675

2,66

'

‘0,024 00,0072 . 13,33
k 3,33

-
N
-




' APPENDI X=C
VALUES QF NATURAL VOID RATIO AND COMPRESSION IWDEX
A, TEST ZOUNE: BARISAL
51, Location Sample Specific Dry B ‘Moisture ALiquid T Natural Compression
No. Number Gravity dengity content mit  void “..index
pcf % % ratio - Le
1 2 4 5 b I 8 7 9 10
1 River Bank(IWTA) U1(SS) 2.67 783,33 35.200 a1 - 1.023 0 .U B.27
#2 River Bank(IWTA) ul{ss) 2,67 8B40 © . 34,10 - 42 .-.0,824 - O0.17.
+3  River Bank (IWTA) U1(ss) 2.86 77,060 - 42710 . 44 T T1,171 T 0,37
4 . Hularhat n U1(8S)  2.70°.5 -p0,0 T @3LS T3S yie85 0 Tt 0030
5 Jhalakati UZ(HR) . 2,68 . -89.80 " 32,0 i4). - -D,BTS W 0,22
- River Bank T e T L meesm L
Barigal UZ2(HR) 2,719 . -.82.BO.° 38.6 45 -~ 1,072 T2 0,275
‘River Bank _ Lo T I
7 Bariseal U2(HR) 2,72 ..90.30°7" 32,0 39 '@.,905 ° .. 0,157
_ River Bank . . . . o 07 ' ot
8 Barisal River V1(HB) 2.66 72,70 49 .4 51 . 1,344 © 0.450
Bank L ’
9  Jhalekati U2(HR) 2,72 ‘86,3 32,2 45 'D.888 0,205
. RQiver Bank . . '
10 Keyabunia - 1 U3(HR) 2.665 ‘85.0 41,9 44 1,13 0.236
11 Keysbunia 2 U2(HR) 2,667 80,3 35.6 50 0,984 0,231
12 Keyabunia -3 Ud(+R) 2.6863 B&6,S 32,7 47 0.856 U.178
13 Fonoharpur 2 U1(HA) 2.1 79.9 34,6 47 u,544 0,228

[
N
-



| .21
22

1 2 3 4 5 6 7 8 9 10
14 HMonoharpur 3 U1(HR})  2.73 79.0 42,17 47 1,151 U, 313
15 Ffulbaria 1~ U2(HR)
16 fulbaria 2 U2{HR)
17 fulbarie 3 U2(HR)
18 Ahanétganj 1 ‘U2(HR)
19 - Amanatganj 2 u2(HR)
20 Amanatganj . 3 ':ijﬁHR)
: ;.Amanatganim ‘ 4 . US(HR)
‘ “gﬁanatganj. -5 B US(HQ)"ﬁ‘
23 “Pirojpur. . a : e
. -.~PDB -Tower 63 - 1 cur{ssy. .. 2.
e L SRR
25 Pirojpur 1. u1{ss)

. PDB Tower 103 _ . _ | _ o
26 Banaripara 1 U1(FC) -2.65 - 5420 a7 1.687 -0.550
27 Banaripara 3 D2(FC)  2.62 - 77.00 61 1270 0. 350
28 Banaripara -4 - UL(FC)  2.67 - 31.00 37 0,720 0.240
29 HYanaripara g U3I{FC) 2,66 - 40, 40 36 1.064 0,260

-, .

BZT




#, TEaT LUNE: BHLLA
2 4 5 6 ' 7 B_. 9 10
Charfesiion uz2(rc) 2.67 93.0 25,80 -39 0,64 g.3s50

Char 5Shiba
afizabad

ualFC)  2.67  104,0- 26,7 3 0.85 . 0. 150
U3(FC)  2.68 88,5 32,2 31 S 0,85 . 0.270
U1(FC)  2.68 95.0 26,4 © 41 0,89 - 0,185
UL(FC)  2.67.  95.0 24,5 39 oo,91. . 0,240
U3(FC) .2,67 © 90,0 - 33,3 - - N.B. 70,9477 0,300
UL{FC) 2,67 1020 ~-.24.0 T NP, 0,90 1aas0

Mafizabad
Katabania
Awa;puf §u)

_Umrabag

O o~ OB W R ke |

"8 - Dheligour UL(FC) - 2,68 | :93.4.0- 29,6 . 5, L b.228
+9 " Thendipur (W) UL(FC). U 2,68, 7 -T87.5 .-/ 11380 - 77, B0
10°: Chanchra () T HUL(FC) . 2,685 95.0 Y. 28,4 citen0,208
-11 Chanchea (W) . UL(FL) 276870 @630 - 35,2 T L2000: -2

“ 5akuchia {N)

ot
~

CULIFD) . 2.67 4284050 ‘22,6 -
U2(FC) .2.’67- - "éD,JU'-_ _"_—_':41:0 . S . 0,168
JU3(FC) 2,67 .. 88.0 -~ 36.0 C 36~ L 0.967 0,275
UA(FC) 268" 16,5 . 415 3 0.0 - 0.%s
U1(FC) 2,69 92,30 35,8 18 - 0,94. . - 0,190
UL(FC) 2,67 90,0 32,0 NP, 0176 0.135

.
w

Bhawanipur

Séyedpur

-
n o

Pearpur

=
o

Bangerchar
Cher Chandra

[
-

18 dhole fown U1(53) 2.64 90,0 30, 39 37 G.87 ©oe.126
19 EBhda Town U3(ss) 2.66 B9 .18 29.70 NP, 0.84 0,118
20 Hhola Tfown U3(ss) 2.67 8g. 39 32.85 NP, 0.885 0.194

N
—

8holza Town

ghocle Town
Bhcls Town

b2(35) 2,67 66,71 38, 39 44 0,93 U.145
LZ{s3) 2.66 53,00 37, 42 0.97 U, 247
U4y 34) 2,686 83,67 . 27, NP, (i

AN

e
()
B L VI i o I I e e R R e Rl S o R ST o N e [)

jar 51
wm o
funl

)

r‘|

ot

o

a8

62T




L, Toal cunt: FATL ARBALD

1 2 3 4 5 6 - 7 B 9 10
1  Kaylan Kalssh 1 UL(FE) 2,68 86,0 33,6 41 0,94 6.13
2 lchadi Hoard 1 ULEFE) 2,67 83.0 3B.C a7 0.89 .21
3 Ichadi School 1 ul{fcL) 2,67 = 90,5 31,6 43 S 0.84 - 0.31
4  Sutsbaria 1 UL{FC) 2,69 95.5 ~ 2B.0 47 1.24 g,
5 Kharizzama 1 yi(rcy 2,68 89.0 33, e 40 - D,89 0,25
6 HNaluabagi 1 u2(FC) 2,67 83,00 30,0 . 35 o8y .. 0,27
7 waluabagi 1 UL(FL) 2,67 . 94,5 . 28.5 43 085 - 0,22
8  Char Bholashing 1 Ul{FC) 2,67 92,7 30,0 4 | : ”f‘fwxl*n;zu.:
9 .Chandpur () } I UMFC) 2,67 7. 98,5 | 28,0 U SLoi@ES - .03l
10 Goolkhali L. UMFC)' 2,68 . .8870 33,6 'S0 . 2,02 - SRR Y 1
11 -Jautha (E) B WAFO) 2,68 .88 - 33,0 477 cpcent 0 plan -
12 Nazmul Chatra - 1 uuFe) c2,67 - slo .Y 306 - ad vz 7 ogaa
13 Panpatty Board 1 u(FC) 2,67 86,7  3a.8 .:d2 .. 0l6s. T 0,23
14 Panpatty (E) ‘1 UL(FC) 2,67 ..87.3  -35.1- 37 . 0,700 - 0,20
15 Gohin Khali 1 Ul{FC)  2.68 86.0 . 35,4 39 1,04 . 0,21
16 Haldiskhali. 1 UM(FC) 2,67 . 86.4 35.0 46 0.87 us24
17 Chinsbunia 1 Urirc) 2,67 90.6 31.6 39 0,87 6,17
16 Golachipa 1 Ul(FL)  2.68 91,5 3G.8 ac - 1,08 0,20
19° Golachipa 1 u2(Fc) 2.7 B8S.6 35.4 48 G.94 u,23
20 Fulbania 1 UL{FC)  2.67 86.6 33.8 35 1,12 0,21
1 Serajpur Sl UM(FE) 2,67 85.8 35,7 56 1.02 0,31
22 uwazipur 1 Urirzo) 2.5% G2.0 3G, 5 40 0.86 C.us%
23 Pacwus Al-Amin 1 U2{FC) 2.67 B9.u at.u 45 1.u4 G, 26

[
[#%]
O




37

o320

1 2 3 ) 5 3 7 g 9 10
24 Rupdha 3andar 1 UlL{FC}  2.68B 95,0 36.0 39 1,19 0,21
25 Amtali College 1 u2(rc) 2.68 85.6 35.6 44 0.87 0.23
26 Beuphal 1 Uui(Fc) 2.68 96,5 .
27 Dhankhali (W) 1 - ul{Fc) 2.67 B7.0
28 Digree 1 U2(rFg) 2.67 83._0
29;_Kalakhali 1 ul(frc) - 2,66 88.0
38" Bolaibunis - 1 udrny 2067 88,0
.31 " Cherpara Pikerpara 1-  Ul(FC) . 2.67 87.0
P ashurbunia - R R Ul-( F‘E) -2, 68 86,0 : T
33 Charkazal (C) "1 UI(FC) - 2.68 91,0 P
34" Kezi Kends = . 1 ULFC) 2,67 90,8 oo
" 357 Char Mamtaj - Sl Ud(FE)- 26T {&j{_ S
36 Char Subi 1 .UL(FCY T 2.67 8835 f
- Bagerawlsa :l.  UA(FCl' 2.67 B9.6
38 Dhumky 1 v2(FC) 2.67 81.0
39 Benkerhst 1 UL(FC) ~ 2.66 .90.0
. 4D Ehar Faizuddin(s) 1 Ulx(fc)y . 2,67 94,0
41 Patuakhali 1 u1{s3) 2.69 B4, 2
42 Patuakhali 2 uz(3s) 2,68 84.0
43 Patuakhali 3 Ul1{ss) 2.67 70.1
44 Patuakhali 3 u3(ss) 2,67 91,2

TET




D. TEST ZONE: KHULNA

ta

1 - Sankra

2 Sankra :

3. sSdénkra . .. .

4 ﬁSﬂnEré‘Jﬁ
SM”.Sankré” SR

6~ @é#&rﬁeééi_l' _
"7 Hard Metal. - T -
fs_jish;ikpa{é.:

;i2
13

17
18

19 .

Sheikpare . . . -

s‘KhaJiéhbur, .

fkﬁaiiéhﬁur
Paikgacha

Raikgacha
14 a
‘18
16 -

Paikgacha
..Goelpara
Khulne Town
Khulna Town

Ferry ghat

Fl

Ferry ghaet

B

.« oy
f}

S A VI T g H F{}d.b e N N

U2(HR)

C U2{HR)
U4{HR)

U4{HA)

U2(HR)
UI(FD) -
 US(FC) .
-~ US(FC)

UB(FC). . 2,
< BLCFC) © 2.8
UTCFCY T 2,
- u2{.Fc)

uagrc)
U2{Fg)

CHA(FT)

u2{rc)
US{FC)
bs(fC)

ZET




1 2 4 5 7 g e
200 Hashabari U3(FC) 266 a2 1.22 1,53
21 mangla 1 iy (FC) 2,68 39 1,163 G, 30
22 Mangla 2 U (FE) 2,67 42 1.278 U, 34
23 Jessore Road 1 us{rg) 2.66 44 1,266 0,27
24 Jessore Hosd 2 L2(FC)  2.65 61 1.200 6. 28
25 Balitha 1 u2(fC) 2,65 B4 2,156 U.67
26 Balitha 2 B2(FC) 2,66 B2 -2.,294 .64
27 Balitha . 2 U4a(rFc)  2.66 87.. 1,297 G. 36
28 Balitha 2 Ua{rc) 2,66 75.. . 1,230 0,31
29 shiromeni 1 SU1{55) 2,67 N,P, - 1.054 G.22
36 Shizumoni 2 Ul(s3) 2,665 45 0,943 S CL1Te
31 Gellameari 1 U1{35)  2.66 54 2.008 .84
2 bsllamari 2 - Uz{55; 2.68 56 .991 €.23

TeT




*

£, TesT Zduiwbk: wOAKHALI

1

2

-

AW N

. ;-J " -:U-\; ‘_.

Ramgati -

' Ramgati

-Maﬁipal

‘J:Haﬁ;palu'-_

ﬂj.haiﬁdr

- Raipf.l r
’rcﬁaiQQf.

.Réipur'

Ul{55)

" u2(ss)
:UD{SS)‘
00(ss)

US(SS) - 2.
) birssy-i

- ua(ss)

U3(5S)

1 97.50
- 98,20
:'96,aé-
_é?,éz'
80, 50
‘=laé.3o

‘81.00" "

87,00

21,30

20.30

25,14 -

3§.80

14,10 -

© 25,40 . .

L

40,0 7 ¢

3170

33.0

33.0

36.0.
: 34;5_1
fqa;ﬁf'
<'f‘2;éh;
"qufn:

40.0

0.697
0.675

0,742 |
0916 < -
dieo
5biﬂéaf;?t;:
’i;ﬁﬁ@x
0lgge

 9ET




APPZNDIA-1

SHEAR STRENGTH OF COMESIVE SUILS
(FRONM UNCONFINED COMPRESSION TEST)

A. TEST ZONE: BARISAL - ﬁ L

. Loecation . Bore -Sample Moisturs 5ry I ‘Applied" ‘Strain  Shear --, _5'ﬁﬁ
o, - N R hele Number content Densgity - stress " 8t . Strength e L
— = e No - % pcf _psf failuxe % - -psf

2 - . ) a4 - 5 " 6 R e 53

TDMFEYTL 25,4 C.096,00 0 1s2st. o akiell (R PR
*Dl(?h{j. 21, L :‘;ﬁipa,n-;;,ga 5040 . “'a?zg;£f;f-( "ffészn N

“D2(FC) Jféiﬂle'fszu.sl'gg. wiZel Tt Ua0p sl el
CEmarFe) 3908 el 7D T 5520 2600 LT
Lo :ZUi‘SSJ*“"35'2‘u_”:'ﬁ3;31 120 SIS R
6 %River Bank (1.W.T7A)" %2 7 to(ss) . 34,1~ esre i . pep s
- River Bank (1.W.T.A) UL(ss) 38i8 - - 79.1. 660" o3

1 Kawkhali' 1
- Kawkhali X
1
2
i
"2
2 .
" River Bank (I.W,T.A) -3 ul(ss) -~ 42,1 - 77.0 ° " 440 220
. -
1
2
i
X
2
2
2
3

3 I'x-éukﬂ-a‘l-i'-?:-;: ,;";; S
JlLBabugonj . B

‘BabqunJ o :
River: Bahk(I H T. A)

Hularhat U1(ss) . 50.3  78.3 340 170 L
Hularhat U2(s3) 45,0 79.5 540 270 ',:E‘);__“j
11 ‘Hularhat u1(ss) 43,5 80.0 260 140 e
12 Amanatganj U2(HR)  35.3 86.3 " 7ce - 354 St
U4 (HR) 39,8 73,7 419 209 T
U2(H-) 38.5 83.7 900 450 .7 -
U3{HA) 37,9 gL, 5 454 227 LI
g { Het) aT.n 79,0 157 ' 78 '

L2 (HR) 39.3 79.0 365 20,0 182

13} --Amanatganj
14 Amanatganj
15 Amanatganj
16 Amanaigenj

se1

17 ftoncharpur

il




Keyabunig
Keyabunia
Kéyéﬁunia'_
-Jhalekati

Jhalakat;-'ufm
Barzsal D,C.e .
. Barisal ROLPERE
ﬁanj
86 -
‘103
128

P;rogpur FDﬁi
_P;qupur_PDB‘
- : PfrdjpngPDB;
__‘ ﬁPifujpufJPDE

29
- 3D

Banaripura

Banaripura

.§Ha£;

Tower
-Tower
Towar

Tower

o B R o W N NN e

u1IHH)
U3(HR)

. US(HR),
T U2(HR) -

US(HR) 7.
- U2(HR)
U3RY
" uL(ss)
"ulss)
I 0A(s8) -
U1(ssg)
vo{Fc) -
u1(FC)

25.5

40,1

35.1 .

36.3

éi;5‘ :
Canka

43,7
31,2 .

. -38.2. .
,;39;2:”
fraslp T
60,6
‘542

85.0
80,3
B6.5
82,5

86,3
80,1 )
2%
93,0 .
. L32!5 '“'
L E S
. 76.5.

3160
2448
1504

.1368
1349 -
1806 7.
f?f940“7-"
sanl
itfaéﬂ P
U560
S.468 -
382

314

B.S 1580 P
9.5 1224 -_'j’-jiéf
9.0 . 152 L
" 684 s
a 903, i
D EAT L
T 170
NETENRE -1 B
Cpaent
Dn 230 e
" 181 B h "
.157_ .. J'fi;?{i

-
-
-~
'




t5, Teaol ZUNEZ:HBHULA

1 2

Sl

4

Charfession(N)
-‘Charfession{N-E)
Char Chiba (5)

- Mafizabad

. Mofizabad -
>, Char Maflzabad

:ﬁ%r:Kuchlmara
. Krshadia
‘i;.'Enshagzp__'
‘127 ‘Aslampur

Katabania

Katabania

15 Jalil Beparirhat
16 Char Jamuna

17 Char Kukri Mukri
18 North Madras

19  idorth Madras

20 Hazariganj (C)
21 3dourth tedras

272 Hazirnat

. Char Mafizabad -

;-@:;Maflzabad Schoolfﬁ ;Ll

- R P W NN H e

e

— = = N

DL1(FC)
D1{FC)
D4(FC)

P1(-FC)
D3{FC).
_'Dl(Fciz_ﬁf.
L Da(fcy .
- p1(FeEy
Ca BL(FEY .
CDI(FL)
- DA(FC) .
-n;(rcy;:*'
DI(FC) .
D4(FC)

D1{FC)
DI(fC)
DL{FC)

S 91(FC)

B3(rC)

- Ll(FC)

ul{FL)

$i(rel)

1426
1685

4200 -

2563
590

f1944‘
'iad"-f:
_,225497-‘
T Taor
. :'"4‘12.0&_30 -
314q7.,
3816
3125

1205
1825
1022
1577
1925
Jaap

87t
2260
185¢




1 2

(98]

a 5 ‘6 7 B X Lo

DI{FC) 30,6 92.0 2880 - 20,0 1440 tsz?:
D2(FC) 32,0 95,0 1565 13,0 ST82 - T
DI(FC)  36.4 Ba,s 3279 - 14,5 1639 . i
DL(FC)  25.4 94.0 . 2333 6,9 . 1166 - . -
DA(CFC) 30,6 . -95.0 - . 2300 - 6.0 - .1150° -7 o7l
LCDALFC) 29027 U985 Y. 1986 0 8.0 . w992 i
Cpa(¥c) 24,8 T .100,5 - 1828 - - 1iL5T 0 914 ¥
“DI(FE) . 27,4 ¢ 96, 5"?"u51;1396):;nggj;sifnfﬁ~fﬁ98; D
.h,?Dl(FC)rlm126;4’r 98,0 .‘mﬁ214ﬁ:‘;;Effiéiﬁﬁg;gﬂ¥;1073 o
".Dl(FC)? ;.24,41 101 3 ;szszu'-{ 9§31h ﬁgﬂj;f;élzsb S
. D2(FC) jgéé;ui;-.u~95 6. ‘L:d;174 Criagls.y a8 T i
DL(FE) =4 532,7 T 92.0 "~".f”3670-;g_fijD{pzf‘ 1833 TR T
D3(FC), . 37,3  -85.0 | 1710 - BS,0. 0 - - 855 Fn
"B1(FC) 33,6 . B8B.O 1526 -~ - a2,0 763 0 s Tl
DI(FC)  36.0 85.0 © 1195 .- 9,0 59T L TR
D1(FC) 34,0 86.5 1260 16,0 630 ;~_”?};{
D1(FC) 29.0 95.0 2160 9.5 1080 . s
n2(FE) 38,0 2, 1166 11.0 BT & R
BL(FC}  29.0 96, 2300 6.0 1150
31(FC) 29.6 93, 1555 12.5 777 e L
S1(FL) 42,2 70, 2174 20,0 1037

23 Baburhati
24 Faridabaed (i)
Faridabad

West Awazpur

-
[}

- West Awazpir
). West gwaipufb,; S0
. Hindu Pally '
HTLhar ﬁan;ka (S) I
";Hajher Char T
Roychand

PR

_—'Hcychand _ .
':i;Ananda Prasad(N)-li b
'1Ananda.Prasad(N)

' Char Umed (W)©

Char Rapachia
Kachuakhali
Kachuakhali:
Kachuskhali

41 Char Sokina(fi)
42 Jhaligaur Nagar

t
:

ol . . o
O e W N e e e e e TR R N e e e

C O o~

43 Neyabangsnia -




o |

44
a5
. 48
o
.48

.49 -
o500

L

T

B2

" 53-

oL osa.
:' - .. -5 5 :
.- 56

57
58
59
60
61
62
63
64
65

Jisharanpur (W)

Lakshmipur

. Dasherhat

Krishna Chandra
Chandpq;'
Gurinda’
f—f'n;and:i._pui!:_ N)

Chandipur (W)

Chanchra (W)

KiYagerir Taluk:
‘Kulagazir Taluk |
-'Kulagaiir Taluk

Kulegezir Taluk
Char Sakuchia (5)

Char Sekuchia (5)
Char Sakuchia (5)
Char Sekuchia
Sakuchia (%)
Hazirhat

Andirhat

#est Madus

I N T e e S I I i i . T R S~ SV R o T

—

D3I(FC)
D1(FLC}

DY{FC}

D1(FC)
B1(FL)

Upu(Fe)
-DI(FC)
.. D2(FCY -
.. :DYILFCY)
L DA{Fe)
.- D1{FC)
CDa(FCy
DA(FCY

DS{FC)
D1(FC)
DA{FC)
D1(FC)
p3(FC)
D1(FC)
U1{FC)
pa{ec)
JY(FC)

34.,0
34,0
28,2
35,0

32,0
28,7
Féa;ax'
34,0
ogig
- 35,2
:5iﬁdi?:
'37.0
30,0
40,0

26,0
41,0
29.0
24,0
37.5
41,2
42.1
29 .8

93.0
52.0

95.2 "

90,0
91,0
-95,0

85,0
iers
<j.9550_1:-.
86,0
19050
RETEE

'97.0

1 82.0
100, 0
86.0

95,0

1u4,0

M- =d
w O 0
Lan T i B vy

1265
1660
2376

. 2590
2330
3369 -

. 1267,

S~ AA6T

-

B T F AR

LR
L1268
2008 5

710
4030
1555
3885
5610

780
1359

562
1670

223397 <




3 . S ’47'1 ..“_‘. ‘

horth hurad

1 2 3 4 5 6 7 B 9
66 Char Gomani 1 D2(FC) . 36.0 91,0 1625 9,0 812
.67 Char Gomani 1 B1(FC) 36.0 92,0 1465 3,0 732
_ 68 Char Didarullah 1 DL(FC)  30.8 92.0 1382 10,7 691
~69 Char Didarullah 1 .D5(FC) 38.0 82,7 - 12664 ' 5.0 11332
" 70 “Bhawanipur . . ~ 1 D2AFC). 410 . 80,0 - 2390 . 11,0 1195
g har Lamchipata(E) . 1 DI(FC) 32,0 90,0 _ .. 1670 .° (. 16.0 - 835
©.. 727 Bayedpur R 1 DI(FC)  .34,0 . .-88.0 . L2060 S N - 1020 -
.73 Sayedpur < ‘1 7vopalFE) 360 - ee.0 Y 1428 i asio - i7a2
.74 Charpets (£) - . 1 D3(FE) -27.0 . 96,0 . ST 1403° - 6.0 702
75: Hazipur ;¢ . 1 ePMFE) 334 Bs.0 .. ased - Ca1iptl o o792
76 ~“Char Khalife - De(fc) ¢ 35,0 - .90.m . . 1610 - - 180 " BOS
77 Sukdev 1 DI(FC) - 33,0 ‘90,0 - 2810 9.0 .- 1405
78 Char Subia 1 DL(FC) 32.6 89,4 3456 9,4x 1728 -
79 Char Subi- 1 DI(FC) 35,5 85,7 3672 10,1 1836
80 Char Subi 1 DS(FC) 39,2 B1.2 1684 1001 " Ba2
831 Pearpur’ 1 DI(FC) 27.6 96,0 1195 20,0 597
82 Pesrpur | "I °  D3(FC) 41,5 76.5 633 20,0 366
83 Golam #t@hman 1 DL{FC)  35.5 85.6 1514 15.5 757
84 North wmurad 1 D2(FC) 33,0 £9.0 2160 9.0 1080
85 palFL) v, 65,5 B78 14,5 439




_86 IalamiaNMadrasﬁa
87 Khurki

‘“BB Char Chandra _
39 ,South Chandra'

%

}91«,Durlavpur
fj,Durlavpur f..J
m-93$ Bhola Town;c‘ﬂ
94 Bhols’ Town
‘ 53f95 Bhola'ann
96 . Bhola Town
97 Bhola Town
98 Bhola Town
29 Bhola Town
100 Bhola Toawn

101 - ibhola Town

{SUﬁﬁSnuth Jhln Nagar

e B B W Ww NN

L S N i T

D1(FC)
D1(FC)
D1(FC)

CDL(FC),
T DA(ECY
" DA(FE).
. +D2(FE)

© U B1(s5)]
u2(59)

“U1(sS)
u3(ss) =
Ul(ss)

B3(Ss)
u1(ss)

uz2(59)

U3(ss)

37.0
38,0
32.0

S 32i0

24°.0

25,0
ﬂ?“za,o,u
7303
fBZﬁAH*;
33,1 7
29.7. . .
3642
12,3

34,9
38,3
40,1

85.0
92-?
90.0

'9D o

1DD 0

- 99,0 -
90,07
“awio
“igad e
. 89,1 .

“87.9
88,3
BB. 6

B6.T

79.6

1452
3207
2793

12170
-1814'_
:‘3412;'
2779 . B,
1008 v Tree i
Ceivae,e T dae | T T

922
1109n
- 1037 c e

. 800
946
700
948
540

-faiiifﬁTJ:fa, 1706.'1v'7=

- 20,0 726 T
13,0 1603 AT
. .8.0 2~:1396 ‘ C TR
18,0 - 1085 L

e

A0 0Y 90T,

._:‘l;- .50‘4 h

B exe e R
16,0 0 ‘4B -
7.0 473 LoTmE S
10,0 .asa, LT
20,0 a7a "‘.‘*fifga
-16,0 270 . 7w
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C,TEST Z0KLE: PATUAKHALI

2

" 11
12
13
14
15
16
17
18
19
2d

”'10-

Kalagochia
Ichadi .Eoard
Ichadi Schosl

 :ichéd;'S¢han"
.'Gdld?higé_ﬁ; ) .
'7 5u£éba:ia‘£ircie”fi‘.
“Sutabaria ‘School
'xSutabaria'Scﬁoolﬁ
'¢Sutébaxia-5chéol
Kharizzame

.Kharizzama

Kharizzama
Kharizzama
Kharizzama
Awliapur

Awliapur

Amkhul Hat
Amkhul Hat
Amkhul Hat
Amkhul Hat

e e T I e N T N

D1{FC)
BL(FC)

DI{FC)
" D2{FC). .
_Dp2(FC)
BFey”
D1(FC).
" D2{FE}
- D{FG)
D2(FC)-

D1{Fg)
D2(FC)
DI(FC)
D2(FC)
LB1(FC)

"L2(FC)

D1(rC)
B2(eL)
3107C)

LE{FLD)

35,0
3.0
33.0

33,6
. 40,1
.29.5
_ZB;QZZI_
26,0 "
.4D;b,l
. 29.6

33.0
29.0
29,8

N NOW oW

Qo oo o o

. L] 1 ] L ]
(6, B S K |

[99]

‘ad
oW
-

o

86.0
83,0

89.0
88,0
L.8i,0

2935
'ELQSQS}fFfﬁ:(:
98,6 T
P S S

© - B0S

535
89,0

94,0
3.0
92,0
92,0
95,0
95,0
68.4d
5.5

19,0

20,0

12,0 .

T 11,0

0. -
JEBUH. SN
SEUTN S

IR S IR
BRI &' B

- 18.0°

© 20.0

- 13,0

20,0

12,0

15,5
15,5
16.5
17.5

4,5
200

540
647
993
677

,;‘j&46.
- 1310
734
o0 1324 -
626 -

.-288
1639

1083

576
864
1094

' 1094

741
604

1872

22

S
T

ot
N




1 2 3 a 5 6 7 8 9
21 Nalusbagi Board 1 DL(FC) 28,7 94,5 2995 12,0 1497
22 Waluabagi Board 1 D2(FC) 38,5 82,3 1310 18,0 655
.23 Naluasbegi School 2 D1{FC) 30.0 83.0 1972 14.0° 986
'24  Naluabagi School .3 DL(FC) 34,0 87.8 576 18,0 - 288
25 'cﬁaf'shblaishing. 1 “-DL(FC). 300 92,7 3052 18,0 - 1526
.2726 “Bashoaria {N- W) 1 -bilFe) 24,5 C.aAb1,0 2520 . - 2007¢ | . 1260
Ig. 27 . Chandpura. (S) 1 .DA(FE) 97,0, - . 84,0 . 1670 - 20000 - 885 .
jﬂf%éa. Chanopurs (S). 2 D2(FCY . 3Y:4 91,0 . Als2 .- 9.0 [l SSTE
i-29°- Chandpurs (S), .. -3 .DL(FC) -28.,4 . 95,0 - 2505 20,00 -.1252
.30 -Chandpura“{S) =~ "l 3. LD2(FC)  -33.8 84,0 2006 - 970 7 1D0B
31 “Gokkhali 1.  Di(FC) -~ 3L.5 - 98,0 71800 .- - 20,0 © 900
32 .Golkhali 2 DI(FC) - - 30,0 - . 93.0 3528 2000 . 1764
33 Golkhali 3 DL(FC) 28,0 95,5 2937 ~20,0 1468
34 North Baduras 1 D3(FC) 30.0 91,0 1080 7.0 540
35 Patarchar 1 21(rC) 28,0 96.0 3740 7.0 1870
36 Central Betagi 1 D2(FC)  37.5 83.5 576 18,0 288
37 <dast Jautha =1 - DL(FC) 32.7 89.u 2448 140 1224
38 Kaylan Kalash(3) 1 DILFC) 39.8 51,0 1224 20,0 612
39 Chsr Chandrail D1(FC) 4.8 §6.5 2016 16.0 1UG8
4. tazmul Lhatra B1(EL) W6 92.0 1450 17.0 700

CEVT.




: l' “48

1 2 a 5 6 7 8 9
41 Pardakua (E) 1 DI(FE) 32,8 90.0 1580 5,0 . 790
42 Ulania (S-£) 1 DI(FC) 28,5 B9. 5 2850 6.0 1425
43 ‘Ulanis (5-t) 1 DI(FC)  27.U 100,0 3410 13.0 1705
44 Ulania (S-£}): . 1 BS(FC) 33.3 90,0 2995 14,0 . 1497
45 Goamalis Hat 1 DL(FC) . 29,0 94,0 . 1952 ©19,0 976
.46 Gozalia Hat 1 D2(FC)  .36.6 . . 84,4 979 - - 1610 489 :
47 _Khalishakhali (C) 1 ....DM(FC) 38,0 83,0, 71625 160 . g2,
- .Khalishekhali(CT) ~ 1 DaFE) 40,4 82.0 1700 .- 13,0 0.7 85D
. 49" Panpatty(N-w) . 1 DL(FC) 35,5 . - @8.0 .. 1725 19,0 - ' B62
50 - Char Kapeslbara 1 . Di{(FC) 42,10 . 80,0 . 2980 12,07 .0 .. 2490
51 - Char Montaz | 1 DI(FL) - 38.2 82,5 L2188 - . 1B.8°- 1094
52 Rangabeli 1 DI{FC) - . 28.2 95,2 1958 11,0 979
53 Penpatty Board 1 D1(FC) 34.8 6.7 400 20,0 200
54 Pantpatty Bosrd 1 D2(FC) 31,20 91,0 748 . 11,0 374
55 Gohinkhali 1 52(FC) 35.4 86.0 2552 15.0 1276
56 Haldia hhsli 1 D2(FC)  35.0 B6.4 1672 20,0 936
57 Chinabunia -1 - DI(FC) 31,6 90,6 1972 16,0 986
58 Chinsbunia 1 D2(FC) 37,4 83.5 95 3 15,0 496
59 tioudhubi 1 DI(FC) 35,9 82.0 705 2G.0 352
60 Moudhubi 2 L3(FC) 34,2 88,0 865 17.0 402
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.-72
73
74
75
76
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78
79
60
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Kachua Hat
Katakhali

'_kEtAQhali
r‘fﬂllpur ' .
?"'ﬂ;Eolachlpa %;:% -
:;LEalachlpa-‘. -
'ﬁﬁolachlpa

B e fi E

Mongelsuk .

Mongalsuk

Fulban:a

‘Khaparbanga (N)
~Lalua Rahlmuddln

Umedpur
Serajpur
Serajpur
Serajpur
Serajpur
Teakhali(s)
fongibarig

tusallibad

Lok ]

‘.t‘-'\' AN

&

WN R R TN N NN e e e

o e ot

1

Di(fC) " -

D1{FL)

D2{fC) -
. .Da(FC).
CDLERCY
L p2(kC)L:
CUDLGFEY
DL(FE) .
| D2(EE) 246,
"DL(FE)
DL(FC).
DI(FC). -

D2(FC)
D1(FC)
D2(FC)
DI(FC)
D2(FL)
Di{rc)
D1(FC)
DI(rC)

98,5

90,5

88,0

97.5 .
as.5

. 87,0 - .

D B3E L

Ao
RN R

92,3 -
82,0

64,0
87.0
72,0
87.%
BO.,U
Q2.0
20,0
98.40
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. 82
83

" B4

92
'93
96
93
- 96
97
98
99
100

hazipur -
Sonakhali

Londe Hafizuddin
Patua Al-Awin
RS - TLPétua’AlJAhiF .
. 4B Ru
* 78T TeTtald
Taltali .-
© B9 -Amtali
50
91

Rupdhebandar-- " .

Amtali |

Borguna.

.Borguna

Subidkhali

‘Subid Khali

Bauphal
Showla -
S5howla
Devpur (H)

shahesd Streeti

Yhaheed areeti
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1

B1(FC)

-D1{FC}

p1(FC)

 D2(FL)
CDL(FC)

D2(FC)

. DI(FC)
" DI(FC)
" p2(Fe)
_Da(rcy
DA(FC) .
D2(FC)

D2(FC)
D1(FC)
D1{FC)
D1{FcC}
D2(FL)
D1(FC)
D1{FC}
D2{FC}

30.5
40,0
35.4

37.0
1248
" 36.4

) ':35,'4
-39.0
35,6
Cd6.e

26 .6

36,5

33,0
31.0
27.2

27,4 -

38.0
36,2
26.8
34,0

92,0
81,0
86.0
89,0
.°101,5

.'85.8.
54,5 "
el
. 85,6
o846 -
97,7 -

.82,8
92,0
93,0
96.5
96.C
93,0
95,0
94,3
92.7

2563

- 683 -

892

979,
1843
1287 |

1627

s (P
1238

T3s

. 1440

1540 -

2445 .

2820
1997
4075
1160
1627
2043
1280

19.C
14,0

' lB,d_

15,0

W VI RS

. 280
S5 L- S
@ﬁgmﬁiT;J-
L 3BL0 L
S 15,0

.11,0
2C.0
19,0
15,0
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17.0
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17.C




. Devpur (N)

. Bara Haliatali
“ Bara Baliatali
. " Shankhali’
st};*lUS.-Shankhalz -
?a'mmloﬁ JDhankhall (N) :f‘_MJ
& GJIBT” Kalaya. -
lDB*xD;grae
; y}‘ 1091 ngree <
, b -11,0 ‘Kalakhali

Lo lll Bolambunxa

Bolasibunia

- DZ(FC}v
“‘r,.!h Dl{FC)‘
s na(rt)

. "‘

Charpara Pikepéfa
Charpara'Pikepara
Pashurbunia
Pashurbunia

Char Kazal (C)
Char Kazal
Kazikanda

thar Momtaz

-~

U""J

38.6
34.4
36,4

ma16

~_'3§..-2 4
.34, 6

32, RO
31,5070
-33 U

‘..-"

LT Ak
238507
x ™

M- BT P
w2 »
33 4 LR :
.
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" 34.0°-
© 33,7

28,5 -

36,0
38,0
31,2
37.86
32,0
27,0
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: ﬁ,lza“‘
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ﬁ;j;apﬁﬁ
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133

134
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136
137
138
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14u

- 141

Ahmedpur
Anmedpur

.Char Subi -
Bagerhawla;

Daaherhat
Dhumky

Shahbazpur _T
ﬂapkerhat

Hézi:h?t.

TKUﬁrimukriﬁ

Pathergata
Pathargata
Pathargata
Pathargata
Pathargata
Pathargata
Pathargata
Fathergata
pvetagi

petagi
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b1{FC)

Dp2(FC)
DL(FC)

- D1{FC)
BI(FE).
| D2(FC)
DUFE) -
o Da(Fe)
- pu{FC) .
© . DI{FC)
';Dl(FC)?;
U1(sS)-

U2{55)
U3(5s)
U1(55)
v2(5ss)
ue(ss)
Ul(53)
u2{33)
Ul{ss)
L2{35a)

28.0
27.3
50,0

32,6 -
-: 34 -.‘d

34,0

232.6
20,0 .
"Qliﬂ-;; '
3000
 i92.6 7
L 38,1

4.0

39.4
35.6
39,7
37.1
51,7
37,2
a7.50
33.7

95,0

- 95,0

88,5
"89.0

" 88.0
'87.8.

. 89.0. .-
103 U?"TUW
;9U.D;f;ﬁ:
SLEN-
89,0
a2’

84.5
B2.5
87.5
84.0
86.3
70.1
54,1
68.6
9U.6

2407

1777

2304

1728

1744

‘2205 1
j;‘igssl-vﬁQ
;ié397.7<;g
1627
jiﬁiﬂ;
2087
" BaD
620 °

740
620
640
980
520
g4
1336
3746

. 1203
.688

B64

112

14.0 310
20.0 1320
20.0 ' 490

20,0 260 . -

C 4472
.C 6EDB
G ' 1673

. 1152 .
v eT2 i

e i Tt
EERET
GoOTel BY3 T
NIRRT -} Ry
l19;6€5;42;‘g“ZJdefji{a“;q
16,0 . - . 4200
16,00 .30 -
18,0 370 o

BYT.
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_nD, r

£9T ZuinE: KHULWA

* Hard Metal 1 D2(FLC).

Gallery (Town)

Hard lMietal i 1 B7(FC)

-,Gallery (Town)

4
Sa- 5 ;:1"
Sl g
. _[‘
8-
9 -

o100
11

"ﬂHnrd Mebal, :
:ETGallery (Tuﬁn)

.Shazkpara ff

iShglkparai;'_ o
‘;Shéikpgfa .. 3h-ﬂ§ e

Sy

— B B W ow N

:Shelkpara ”7"U;(FC§
Shalkpara
UO( FC)
* L UL{FL)
Shaikpera - .
Sheikpafa

Khan Jahan Ali DI(FLC)

" Road, KDA Plot

12

13

la

15

Khan Jahan Ali 1 BS(FC)
Road, KUA Plot

Khan Jehan Ali 2 D1(FC)
Hoad, KDA Plot .

Khan Jahan Ali 2 DS(FC)
Road, KDOA Plot

Khan Jahan Ali 1 H2(FC)
Road, (kDA Plot)

~BY{ FC)
ST TR TR o B
" i 38,
3T
o .38,
. 34,
:jﬁ
. 3B,

TUL(FD)
Ua(FLC).
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27,
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31;
7.
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0
0

g

3
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-

o
6

9

3
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100.0
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.;_éiun
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B4,0
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1 2 3 4 5 6 7 8 9
16 Khan Jahan Ali 1 Ds(FC) 40,0 B1.0 673 20,0 .338
Road (kDA Plot) '
17 Khan Jahan Ali 2-  Dp2(fc)  35.6 87.0 1795 20,0 897
Road (KbLA Plot) - - ) o
"18 . Khan _.Jahan Ali .- 3 D2(FC)  35.5 86.5 1794 20,0 897
.. “Road (KDA Plot) o J S o ‘ . c B
19 " Khan Jahan Ali 3 DS(FC) 41.0-- . B82.0 1452 - 19,0 L C 726 .
= "..Raad (KDA"Plot) - _ S SR e B i
)20 " Khalishpur L ULFC) - - 36,3 - +i373 . - 1i,0 686
21" Khalishpur - 1 S Uu2(Ft)  26.7° - 1545 13,00 . - 772
22 . Khalishpur 2 uo(FC) 26,1 - -4067.  :7.5 .7 2033
. 23 Khalishpur 3 uo(FC) . 27.4 . “ 1599 7.0 T 999
. 24 Khalishpur 3 Ul(FC) 321 - 1962 20,0 981
25 Khalishpur 4 UL{FC) - 29.5 - 2815 140 1407
.26 Paikgacha .3 u2(Fc) 35.5 84,5 f98 17.0 349
27 Paikgacha 4 U3{FC) 37.43 63.5 1391 15,0 695
28 Paikgacha 6 v2(rc) 32,6 86.5 1232 15,0 616
29 Khulna lown 1 ui(FC) 36,0 £5.0 1495 17.0 747
(PWd's Building) T
30 Khulna Town 1 u2(Fc) 33,7 59, G 1122 20,0 561
(P#B's Building)
3. wbhulna Town 1 UA(FL) dd. . g3, 0 273c¢ 20,0 1355
32 shulna lown 1 Lo+ ) 24,0 12,0 d364 19 .8 1692
33 wnhulne Town B2(FZ) 3.0 9G . ¢ 20EC 20,0 144C

© 08T




rJ. 2 3 4 5 T A 7 3| 9
34 khulna Town LE(Fi) 38.0 83.0 897 20,0 448
35 " khulna fTown 2 UO(FC) 27.0 9%.8 2576 19.0 1288
(Pwo's Building)
36 . | 3 BL(FC) 36. 0 85.0 1495 747
"3 nl U3(FT) 33,7 © 89,0 1122 | 561
‘38 BRI -3 Va{FE) 30,0 .. 93,0 2730 0.0 1365
239 oKhulne Town & 4 US(FE) 38,4 . 83.0 "996__ 7.0 498
N n (PHB'siﬂhlldlng);:" L e : T ' P o
;ﬂ;;.Khulna_Tuwn-‘ .5 :;.U11EC)‘-:133 0 -eg-u,”‘ 2453rj‘ a0 1?25‘
41 Khulna Town | 5 u3(fty - 35.0 85,0 .0 72039 5 L d1,T 1019
42 Goslpara . 3 ‘aUB(EC).‘fHBT 5.0 83, 0- 935 30 46T
.[_}_'(PDB Hastel) ¥ . RS L R v T R o
43" Goaslpara 1 U6(FC "i-zir».u' -"'97-,0; 2487 M iu9.s 2243
44 Goaipara 2 UG(FC) - 41.0 . 80,0 " go4 14,00 402
45 Goalpara 3 uD(FE)  26.0 9€.5 3216 . 20,0 1608
46 Goslpara 3 u2ifc) 27.5 96.0 3861 14,0 1930°
47 Ferryghat 1 UG(FC) 29,6 94,0 gdd 14,0 a22
45 Ferryghat 1 L3(FC) 34, B6. 5 2031 18.6 1615
43 ferryghat s U3(FC) 33.6 89, L 1623 11,¢ 811
53¢ Ferryuhat 3 L3{FC 31,0 92.C 2671 16..C 1335
51 Ferryghat 3 us(Fe) 36.6 43,0 1271 24,4 635
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v

* e
i
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Bagerhat
(PPB Tower 14)

Mangla
(PDB Tower 25)

. Mangla. o
(DB Tower 32)

_:LMan las - -

", (PDB. Tower 35)
*wPDBZTosz 54
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pDBQTowgz.GT
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-PD8 Tower 74
PDB Tower 79

Shiromoni

Shiromoni

o

I N

Ul(FC)

UL(FC)

©u(FL)-
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ULl(Fc) -
© BA(FC) -
P UL(FC)

UL(FC)
u2(FcC)
U1(5S)
U1(35)
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33.0

34,0

29,2

31,2
as.8
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©36.0°
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35,2
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86,5
93-i5. v

76,0 .

. 'ﬁ94°7‘;

. B5,0
'78.0

g1.0
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1425
1785
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' APPENDIA-E
TRIAKLAL COMPRESSION TEST RESULTS
A, TEST ZONE: BARISAL - :
:Sl, Location Bore ©Sample Initial  Initial Lateral 5train Applied Cohesion Angle of -~ -
No, hole . Neo, moisture - dry stress at atress _ psf internal & -0
: B No, content ~density psf "failure psf friction .- -7
S 2 4 -5 6 7 B, S --10. U R
. % Monohorpur - 27 u2(HR)  42.4 79.9 720 - 18 1466 . 446 B°
SRR : ok . 42,1 78,2 1480~ . 19 . 2107 e o
4y 3 80,2 2880 .29 . 4041 e - .
2 Kachikata 1 U2(HR)  31.3 ‘91,00 L7200 6 2913 i o.461 23° T
S ' -~ 30,5 92,0 1a40 . 13 . 5898 - T - v T
30,5 .© 92,0 .-2880 .20 ..7920 ' g oy
3 Kechikata 2 U4a(HR)  30.93 51.3 1152 6 4608 288 309 3
30.55 92,2 1656 8 6112 : -
31,06 90,8 3312 11 11163 e
4 Amanatgsnj 1 U2(HR)  36.99 g1, 3 720 16 26830 432 21,99 70
. 36.95 81.0 1440 20 6019 - -
38,30 B1,3 2680 16 7535 ' ;
5 Amanatgan j 6 US(HR)  33.13 85.7 1440 18 6255 720 29° -
33.4 85.7 2880 14 11059 . '
32.8 85.7 5760 7 -

47 SR
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11

Banaripara

. Banaripera

. Banaripara -

u2(Fc)

‘u1(rt)

U1(FC)

49,7

50.0
49,7 .

39,8
- 40,3

40,7

" 30,6 ¢
30,6
30.4.

70,0
70,0
70,0

81,0
©81.0 .
. 80.0

92,0
‘92,0
92,0 -

1440
2880
4320

1440

- 2880

4320

1440
. 2880
.4320

19
20

20 .

19
19

BECI
119
19

2088

3772

5472

R TIE
5775 T

29097
. 4BEB T -
" gse5 L

288

$360 :

“576

.....




b. TEST ZONE: BAOLA
*

1

2

4

1C

211

1

2

igfj

m

e

5

6

7

Madras (1)
-~ “Awazpur (W) ,-

?1Bm:§§ag

Lo

'ﬂﬂplaméur-
.Char Umed(E)
Chandipur (N)

Char Faijuddin

UO(FC)

U3(FC}
- uL(FC) .

uo(Fc)

Uo(FC)
UB{FC)

UITFCY

. 30.0
30.9

30,0

32.8
32,0
30,8 ¢

25,9

25,7

25.4.

28,5
.28.6 -
29,0

29.4
29.1
29.1

32,6

30,9
31,7

31.9
32,2
32.6

95,5
93,0
93,5

89,0 .

-90.1
‘91,5

02,0
101.8 .

102, 0

< 97.0
96,0

97,0
580
97.0

93.0
93,0
93.5

92.0
92,0
91,5

/980

720

1440

2880

1440
2160
2880

. 1440 .
2880 .

©. 4320
- 1440
L2592 .
- 4310

1440

26880
4320

1440
2880
4320

1440
2880
4320

16
19
20

10

12~

11

. la s
19

oonm

17

14

17
18
15

17
i8
16

.1

2385

523,
-_'_- 9504‘. -,
. v 144800 T

2980

2475

4060
8640

0800

3794

4766

2347

2908
3ses

2649
3017
3305

1135

. 2160.5" L8327
.331‘2 L e T
L4363 s e TE

720

1008

; g.g.[ " ..‘ :‘




fZB Andirhat

9 - Andirhat

-10 ‘Char Mahazon

Kandi

11 West Madua

12 Char Pata (E)

U1(FC) -

u3(FC)

 Juﬂ?m

U1{FC)

‘Ul(FC)

32.2 92.0

. 32.5- 92.5
32,5 ... 92,8

31,3 ..94.5
- 32/4 - 83,2
7330 98.5

29.7 . 95.5.
-29,9° 95,0

26.0 100.5
27.0 100,0

32.8 -9-1-.6
32.1 90. 0
31.5 95" ¢

1440
2880

4320

1440
2880 .
~a4320

© 1440

2880 .
© . 4320

1440
2880
4320

720
1440
2880

18

16
- lT‘.':--“.. .

18
.16
.19

17

20
16

19
18
19
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S 17

2527
3264

" 3987 - -

1955° -
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S 232000 e R

' ZBBUAAE'.
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SELUTEST AUNE: PATUAKHALIL

_L . _ ’3 - - :

10

11

. g:;;?ﬁaylah-Kalash(N).,z l ul]FC) a

“fiU%(chr:i

‘;5%:-Eéé£ Jautha. ‘i7'1 1 Uﬁ(FE)f_ 299
 _§iH'PardakQa (2) 1 ua(rey 6.5
77 Goaalia Hat. 1 . ul{fg)

4 Fulbunia

,—_4
e
.
—
™
(-
—
Lo ol L
-}
o

c . .‘3,7'.6'.]'_.-

ag.2

B7.5 .

95,20
96,6
SR R

93,0
93,8,
9373

82,0 -
81,5 -
82,7

© 94,2
34,2

94,0

95,0

85,9
ge.7

92.0
2.5
91,86

84,

o
L

oo

o

7

3!

1440
2880

4320

‘1440
28806
S 140
~2880:..
43207 -
'720;
1440
2880

1440
2880

5760

1440

2880
4320

1440

2860

4320

Ju44
2l

475320

.20
-18
.20

10
D 1 R
T16

14
15
16
20 .

200 -
18
17.

15

14
17

L

14

2160

3240
3744

2880
 3611"‘t“f
32297
12592
- 673
950

2826

3031

3332

2880

45685

5915

2592
29713
3243

3269

_ 3754

T15h

520

1296

' ;25f;'

490

1638

josr
=]
[\

548 T v

12.5
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SLE i Zanpurs 1

-9 - -Lalua Rahimuddin

{;ru;.umedpgi:

-

-

:;}Zi:AﬂiPargk.% R

- ;,_Patua Al-‘i\min

jauphal

T Akkelpur. .

1L uL(Fg)

1 UL(FC)

. -.";- .‘.;‘- Ul(.FE)‘ .

l‘;-~u}(5¢yr

1 u2(Fo)

1 T Uuo(FL)

1 u2(rr)

ﬁiﬁiékg}ij7

720
1440

. 2880

720

. 1440
. 2880

1440 .

2884

14320
. ‘1440 ..
2880
‘43200 . -

1440

2880
4320

1440
2880
432C

720
144G
2880

1440
2380
5760

23765
27430
3038 -

630
880
1320

680
3730
9080

2376
At
4320

3384
5328. -
7380 -

3192
6575
5236

2736
2708
3117

4952
53860
fBilkd

220

935

432

922:

432

1152

1180

1512

6571



0,5 T cUNE: KHULNA

A0

11

5.4 Sankza - 2 U2(HR)

fﬁ's‘ﬁankra . 3

e

u2{Hi)

U2(FL)

#. . nslishpur 1

:3{f3§5iigﬁa,g;f;}_;ﬁ, 50 U4(HRY -

(SISO RN
o R OIS
. .

coRTT

84,6

60,5 .

62,2

) S.B..*_T:':- ,‘ .

87.5.-

86,0 _f

85,5 .-
84,7

89.8
8§9.0
92.0

92.3
93.3
8.9

1008°

144
288

504" . -

756

1188 -.

laan
2880

5760

994
1988
1976

994
isgn
3976

72U
1440
2480

11
12

18

120,

21

11
11
11

15

547

965
- 1469

1840
c. - 3286 .
T g19Z o

.2884 .
. 4738 - .
" Bla7

652

. 1058

2030

648
43
886k

2344
2808
2384

72

67

144

320

thd

379 T o
5,59,
26" .

09T




12,

10

11

-lﬂe Khulna laown

42,5 -
42,4
42.5 -

o313
C 30,8
r.r .

34,4 .
‘34,6

4.7

39.6
36,2
ar. 1

79,0
S 79,0 -
790 -

91.0

90,0 -
90,0 -

88,0
89.0
88.0

86,0
86,0
86,0

720.
-1440:
2880

1440.
2880

4320

1440
2880

43206 -

1446
2880
432C

14.
13
13-

w19 e
B
18

20

2G -
20+

19

18

19

1826
2026

2636~

2227 .-

2652

2809 .-

1152

1428
1735

1663
2023
2345

556.
432

250. .

425

H
o
=




.Y U2(HR) 35,10 . 88,0 1440 - 14 . 789r. . 1512 °  1G.5°
ce o 35040 86,4 2880 ld:s. 12984 .- - . T
33.40.. 88,0 .°.5760° 14 - 18230

CICUA(HRY 032,89 87,4, L1440 (X9 - 3258 0 144 T @it LA
S e ¥ of ¥ SN 2888 9 . 634z. ' R
T e oo Tadltoee o0 37,2000 .. 85,20 -a320 14 (12850 T n-oo

i3 Char Hazari*© - 2 US(HR) 34,82 86.5 1440 12, ° 3865 - isg0 . 23°
(oS . ' 29,96 89.3 2880 | 12, 7258 .
S | " 0,02 89.0 4320 12 12537

i ‘Af Char Hazari 3 US(HR) 35.17 89,6 1440 9 4349 288 24,5
e : 36,47 ng .8 2880 10 72730 :
. 26 .87 92,2 4320 9 11328

Yot
22
™~
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APPENDIX-F

COMPUTATIONS OF SETTLEMENT

A, FOOTING FOUNDATION

Locations: Amanatganj,
Barisal Town

ELLO 2k Tons Type of structure: A *
= ?2u3“ : i Ny 4 storey Huilding
e ¥ S0 supparted on footings,
EL5: | | T q = 0.21 T/sq.rt
“le 2ot g {)a 86.3 Ibfeu.fe .
/ A o) N La=aof,
Ei. 10 Y go~6.281, 021085
14 = 80.5 b FE
o L-d—-4!:7-
El-15 : €, = 6.0 &= -185
{4 = 1 rlb[m'?e '
o Lw = 407
El. 20 C O:;.E 6 =1.18%
T L
© Lo =39%
El. 25 ] B Co20.26, @& =1.18¢C
24 °
A = T3 114,28 sq,ft
Assume 12'x10" rectangular footing
Equivalent load %50 = 0;20 Tons/sq. ft
Lomputations for values of‘PDE Iy

(2.5)(86.3 = 215 75 lb/cu. ft,
(7.5)(120-86, 3)- 252 75 1b/ceu, ft.
453 50 lb/cu ft at E1,10 .
5(120-80.5) = 197.5 1b/cu, ft |
= 666" 00 ib/cﬁ ft at E1,15

.5(120-79,7) 201 50 lb/cu ft

867 5 lb/cu ft at EL,20°

197.5 lb/cu.ft

1

5(120+80,5)

1065,0 lb/cu,ft. at EL,25




164

Lcmputatiaons for values of A pr tan 30° = 0,58

At E1,7.5, A

[12+2(2.5) tan 30°]] 10+2(2.5) tan 30°]

1}

(14.9)(12.9) s§. ft.

0.20x120
Py = d = .
(13.97(12.9) 0.124 Tons/=aq, ft

A= U|20x120
p 387,09

AP at E1,7.5 =

= 0,062 Taons/sq, ft.

A . 0,20x120
“=p 649 .25

I

Avr E£1,17,5, 0,037 Tons/sq. ft,

0.0245 Tons/sq.ft,

!}

A - 2

Settlement computstions:

g , 0,261 0,213+0,124
E1,0 to E1,10, 5 = Tfﬁf?? (10x12) 10910 C.213
= 3,15"

1.10 to El;lS,"S %‘ggg**(leZ) log 0.3027+0,062
| 1+1.185 _ 10 ===

= 0,63"
F1.15 to £1,20, S = 0,286
E1.20 to E1.25 , S = 0.164"

Total settlgﬁEnt:'d,Zﬁ"'

Nocte:
The structure ié safe against beafing capacity but

unsafe against settlement,




B. AAFT FOUNDATION

145

;O
)
~r
’n'
2
@
—Y
L ¢ ® 10 60-0"
i\ 7]
|
: S | P | S | DU | P | N ‘Ef. 0
"“Tm_" PSRN N
‘ LS AR T T ST VA 8
I ] 7
. _ El. 10
DL+ L.L. at Bng,g::'-'GlE b/sq.fe
- - El. 15
o
El. 20
o
El. 25

(omputation for values of

{2.5)(86,3)

(7.5)(120~-86,3)

5(120~80,5)

=

=

5(120-79,7)

5(120-80,5)

201,50

197,50

Po'at mid-depth of clay:

215,75 1lb/cu, ft

n -

252.75

197,50 "

i"

"

=

Net load at base of Raft:

D.L + L,L

.901l removed
(silty clay)

~1065.0  1b/cu. ft.

628 1b/sq. ft

giés,ﬂjé_ﬁl? ib/sq, ft

Net pres
111

touivalent lnad = EEEEE“

1

sure: 111 1b/sq,ft

0 = 0,050 Tons/sq, ft,
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Computations for valdeé dfhﬁs §

.

Lsmz(z 5)(0 Ja)]L(amz(z s$)(0, 5aJJ

0, 050x(60x40)
2698

At ELiLT.S, Ay, = 0.044 Tons/sq. ft,
At ELLL12.5, A = 0,0358 Tons/sa. ft.

1 ' , ’ :

At EL1T.5, A

ﬁ.U?AT.Toﬁaféq.ft.

Rl

" Computation of sattismént :

. a4
€1.0 to E1,10,0, S’ 0261 (10 x 12) log,q S+f12.: 0,080
. 1+ 0,97 0,213
e 1,277

£1.10 to €1,15,0, S= 0,38"
"¥1.15 to £1,20,0, §= 0,23"
£1.20 to E1,25,0,. = 0, i7"

Total settlement = 208"

Note:
Depth of excavation be inctreased to minimise

the settlement to its.tciérable limit.
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Computation of Settlement for

FOOTING FOUNDATION

Location: BHOLA TOWN

Type of soil: Medium soft clay 56;1
Typé of structure: 4 storey Building
folumn load = 24 Tans

}
Hearing capacity: 0,95 Tons/sq.ft.

%LZLT
-

3
=2

TIERX rrz ol

-.JL_*:._—Z-_: | 5'.0"'

| ] e ,
gl 7.5 6 =C.126

© eq > 0-87 5-0"

Et 12.5 &>0.194 |

° e, = 01585 5-0

El 17.5 1.

o] 50

fComputation for Fﬁ’ See earlier calc

Computation for values of ‘ZLP:

0

At E1.7.5%, A

70,31 s8q.ft
"0,8x30 -
76-.—31-_—-. = 0,34

il

Bp
At £1.12.5 A = 201,39 ag.ft,

Ay = 0,19 Ton/sq.ft

At E1,17.5 A = 399,75 sq,ft

' BHp =

Footing area = %igs = 25,26
’ sg. ft

Try 6'x>' = 30 sq.ft

Equivalent load = %% =0.8

ulation,

1 Tons/sq.ft,

= 0,006 Ton/sq.ft.

Ton/sqg, ft

k+é(2.5){0,5a)] [ 5+(2.5)(0.58)]
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Computation of Settlement:

. . . 0,126
— 4
1.0 to E1.10, S = Ti5 57 x(10x12) log,y 0.213+0,341
0.213
! = 3,34"

£1.10 to E1,15, $ = 0,876"

£1.15 to E£1,20, 5 0.043"

Total ssttlement 5= 4,26
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