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Granular soils were'collected from the river beds of
five different locations of Bangladesh. The locations are

Dhaka, Mymensingh, Jamalpur, Rangpur and Rajshahi and the

rivers include Meghna, Brahmaputra, Teesta and Padma.

The particle characteristics designated by sphericity,
elongation and flakiness were determined for each soil.

These were taken as measures of particle shape and angularity.
Shear strength and permeability were also determined for

each of these soils at three different void ratios.

From the analysis of the results it was found that

the shear~ strength ~d~creases with increasing particle

sphericity and increases with increasing elongation and

flakiness. But the permeability increases with sphericity

and decreases with elongation and flakiness. From the test

results it was possible to formulate a model for the deter-

mination of peak angle of shearing resistance from the known

values of void ratio and particle characteristics.
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Chapt~~ 1

IN7RODliC7ION

1.1 q~n~aa£

Every structure, whether it be a building, a bridge

or a dam derives its support from the soil. Texturally soils

fall into two categories - granular and cohesive. A granular

media may be considered to consist of more or less rounded

particles of sand or gravel which int~ract in a simple way

by their contact forces only. This soil usually maintains

single-grained structure and unlike the second group does
not possess any cohesion.

The lower size range of the granular media is sand.

According to MIT classification system the grain size of

sands ranges from 0.06 mm to 2.00 mm. Very often it is

required to place foundation on natural sand deposits, that

is .deposits of sand formed by the natural processes.

Among the engineering properties, the one that plays

the most i~portant role in fixing the design criteria for

foundations on sand is its shear strength. The shear strength

of sand in particular and granular soil in general, is mainly

determined by the parameter~, the angle of shearing resis-
tance.

Porosity is frequently used as an index property of

granular soils. This may suggest a priori that two samples

having the same void ratio should have the same mechanical

behaviour. No doubt, porosity of granular mate~ials is an
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important variable which characterizes the over all deforma-

tion behaviour but it alone is not sufficient. The arrangement

of grains, that is fabric, should also have an influence. The

fabric of granular media should include a measure of geomet-

rical arrangement of the individual particles and an adequate

description to reflect matual positions of the grains. Even

if the stress history and the history of deposition are dis-

regarded the fabric will greatly be influenced by the particle
size, shape and angularity.

The grain size and shape of' a granular media will depend

on the degree of weathering to which they have been subjected

during their formation from firm bed rock and on the wear and

tear to which they have been subjected during the process of

erosion, transportation and depo~ition. The weathering and

erosional processes are largely dependent on the climatic con-

ditions. Since it is unlikely that climatic conditions of two

geographical area will be same, therefore the grain size,

shape and angularity of soils from two different climates are

likely to be different even if the bed rock from which they
are produced is similar.

Some works have been done in various parts of the wor1d

to establish the effect of grain size, shape and angularity

on engineering properties of granular soils. It is now•
recognised that the above mentioned grain characteristics

have important bearing on their engineering behaviour. Unfor-

tunately no study to relate above behaviour is known to the
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author for soils of Bangladesh. For this reason this research

makes an attempt to relate the effect of grain shape and

angularity on some of the engineering properties such as

shear strength and permeability of sands from recent

alluvium of Bangladesh. For the above purpose soil samples

were collected from the river beds of five selected locations •
•

1.2 q~ain Size, Shane' and Anqu£a~ily

The most direct method of determining the grain size

distribution of granular soils is by sieving. A representative

sample of the material is placed at the top of a nest of

sieves of successively smaller openings and the system is

shaken so that the particles may pass through the openings

large enough to permit their passage. A particle diameter,

called the equivalent diameter, is generally taken to be

equivalent to the minimum square aperture through which the

particle will pass. The purpose of particle size determina-

tion is to determine the frequency distribution of the

various constituent sizes within a sample of material.

In the previous paragraph, particle shape was tacitly

assumed as a sphere the diameter of which is equal to the

sieve opening through which it passed. Implicit in this

concept was a correspondence between the true shape of a

particle and that of an equivalent but imaginary sph~re,

with its diameter taken as the aperture of the minimum sieve
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through which the particle will pass. This definition of the

shape of a particle is adequate if measured distances between

extreme limits on the surface of the partitles, along lines

that pass through the particles'center of gravity, do not

vary greatly. The variation in the distances from the imagi-

nary spherical diameter is usually reckoned as angularity.

It is a common practice to indicate particle shape and

angularity by a variety of terms like sphericity, flakiness,

elongation and by the roundness of the particle. A well known

fact is that a particle of a given volume attains the minimum

volume when it is spherical, and sphericity is taken as the

ratio of the surface area of a sphere with the same volume

as the particle to the surface area of the particle. Flakiness

is the ratio of width to the thickness of the particle and

elongation is the ratio of the length with that of the width.

Roundness, on the contrary, is the ratio of the radius of

the angular projections of the particle to that with the

radius of the inscribed circle on the projected plane when

the particle is in its most stable position. For this research

work particle sphericity, elongation and flakiness will be

considered to be a measure of shape and angularity.

Since the soil samples for this research have been

collected from the river beds of the recent alluvium of
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Bangladesh a description of the recent alluvium is being
presented below.

Bangladesh consists primarily of a large alluvium

basin floored with Quaternary sediments deposited by the

Ganges and Brahmaputra rivers and their numerOus associated.

streams and distributaries. The R~mahal Hills which border

the country on the northwest and west are composed of trap

and are considered to be lower Jurassic. The hills and the

trap plateaus range from 500 to BOO-feet above sea level,

although some individual h11ls exceed 1500 feet in elevation.

On the northeast it is bounded by the Shillong or Assam

plateau. The plateau measures about 60 miles from north to

south, about 150 miles from east to west, and is surrounded
•

on the north, west, and south by low river basins. The basins

eastern limits are the Tripura Hills to the north and the

Chittagong Hills to the south. These hills are composed of
sediments of ~aleocene through Pliocene age.

The land-building process of Bangladesh must have been

due to the sediments washed down from the high lands on the

three sides of it. In broad terms, there are three major

geological formationi in Bangladesh. These formations are

important in relation to soils. With Tertiary hill sediments

in the northern and eastern hills, Madhupur Clay of the

Madhupur and Barind tracts in the center and west, the

remainder of the country areas are occupied by the recent

alluvium in the floodplains and estuaries.
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The tertiary hill sediments comprise mainly of uncon-

solidated and little consolidated beds of sandsto~es, silts-

stones, shales and some conglomerates. They have been folded

into a succession of pitching ,anticlines and synclines. These

are aligned approximately north-northwest to south-southwest

in Chittagong and the sout,h of 5ylhet district, swinging

round to almost east-west in the north of 5ylhet and Mymen-

singh districts.

The formation of the Madhupur Clay underlies the

Madhupur and Barind tracts. It possibly occurs also on the

Akhaura terrace and on the summit of the Lalmai Hills in the

east of Comilla. The formation is remarkably homogeneous in

appearance, both vertically and laterally. It comprises of

a layer of unconsolidated clay, about 25 feet thick near

Dhaka but progressively thinner to the east and possibly

much thicker in the west of Rajshahi district. The formation

is generally almost horizontal but has broken ,into a number
of fault blocks.

The unconsolidated floodplain sediments of the recent

alluvium occupy the greater part of the country. These sedi-

ments are far from homogeneous in age, texture and mineralogy.

They have been deposited under peidmont, meander floodplain,

estuarine and tidal conditions in different areas. New alluvium

is still being deposited near active river channels, but most

floodplain land has apparently received little or no new

alluvium for several hundred years or more. Rivers have changed
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their courses from time to time in the past, abandoning and

re-occupying various parts of their floodplains, and thus

providing sediments of different ages in different areas.

Some floodplain areas have also been uplifted or downwarped

by earth movements, specially in Sylhet and Mymensingh dis-

tricts and there are numerous sand filled earthquake fissures
in parts of these districts.

Most floodplain sediments have a high silt contents.

This is particularly so in the case of 8rahmaputra/Jamuna

and Meghna sediments. Sandy sediments occur extensively in

the substratum of soils in the north of Teesta floodplain

and in the west of Ganges floodplain. Clay deposits occur on

the surface over most of the Ganges floodplain., And the beds

of flowing rivers usually accommodate sand during ~easons of

high currents and silt or even clay when the current recedes.

It is the sand deposits collected from f~ve river beds that
have been used in the present study.

The misleading concept that granular soils interact

in a simple way by their contact forces only has led to the

use of reconstituted samples. The logic behind the use of

reconstituted samples is that void ratio is the only factor

that influences the engineering properties of granular

materials. It is undoubtedly an important factor but the

factors like stress history, history of deposition, and



B

above all fabric should not be ignored. The basic objective

of this research is to study the influence of particle shape

and angularity on engineering properties ~f sands of Bangla-

desh. As particle shape and angularity may affect a number

of engineering charocteristics like strength, deformation

md permeability. This research is limited to determination

of particle characteristics and their effect on shear

strength and permeability at various void ratio conditions.

The result thus obtained is expected to provide a better

understanding of the fundamentals of deformation behaviour
,of sands and their permeability characteristics.
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Chap:te./l. 2

Because of its particulate nature the mechanical beha-

,

viour of a soil mass is influenced by a number of factors.

2.1 In:t/l.oduc:tion

LITERATURE REVIE&

It is difficult to take into account all the factors. This

Any method of quantifying particle shape and angularity

tesearch aims at evaluating the effect of particle shape

and angularity on tw~ engineering properties - the shear

strength and the permeability of some selected local granular

soils. A biref review of literature on various aspects of

this research is presented in the subsequent articles.

quantify particle shape and angularity but unfortunately

and can only be approximated. Various methods are in use to

is complicated due to its complex. three-dimensional morphology

be functionally be defined in terms of several attributes as

such measures are not sufficiently broad or general to include

morphology of a particle is considered as its form F, it can

all aspects of the said properties.

follows:

E. Frossard (19B2) quoted the reference of Whalley

(1972) who pointed out that if the overall three-dimensional



10

where Sh is the shape, Sp the sphericity, Af the angularity,

Rf the roundness and Tf the surface texture. Size is usually

taken to be independent of form. The topological relation-

ships between these components are complex and rather arbi-

trary and such a division in the past has been largely one

of geological pragmatism. Shape and sphericity are related
as are roundness and angularity.

Perhaps Wadell (1932) was the first researcher to

define particle shape and angularity in numerical terms.

He proposed that the definition of shape should be the ratio

of the surface area of a sphere equal in volume to the parti-

cle consisered to the actual surface area of the particle.

The ratio has a maximum value of 1.0 which is the value when

the particle is a sphere. All other shapes have value less

than 1.0. This ratio is termed as sphericity and has been

found to be suitable for expressing shapes of sedimentary

particles. The term roundness was also used by him to

indicate the angularity of the particle's corners. Degree

of roundness of a particle in one ~lane may be expressed as

L: (_r_)
R
N

where r is the radius of curvature of the corners, R is the

radius of the maximum inscribed circle in the plane of mea-

surement and N is the number of corners. Here a corner is

defined as every such part of the outline of an area (projec-

ted area) which has a radius of curvature equal to or less

•

, ,
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(2.2)...

Roundness = Image of Solid.------.Sphericity

Flatness ratio, the ratio of short diameter to inter-

particles. His ~ethod is based on the measurement of long,

The double line separating the values is used to indicate

Finally Wadell (1932) concluded ~hat sphericity expresses the

together expresses the image of the solid and for convenience

Krumbein (1941) described a rapid but rigorous method

may be expressed in the form shown below:

than the radius of curvature of the maximum inscribed circle.

use of the formula;
intermediate and short diameters of the particles and on the

where ~ is the sphericity; ai band c are long, intermediate

made the determination of roundness even simpler by providing

that the image expression is not a ratio.

shape and the roundness a summarized expression for certain

detail characteristic of the soli~. Sphericity and roundness

a chart as shown in Fig. 2.2 for visual comparison.

and short diameters respectively. This method lends itself

c/b as abscissa. The curves are shown in Fig. 2.1. He also

for the measurement of shape and roundness of sedimentary

mediate diameter, was used by Rittenhouse (1943) to define

1 to graphical presentation. Krumbein actually presented a

series of curves for sphericity with b/a as ordinate and
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Fig, 2.1: Kru mbein's chart for determining sp hericity
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the shape of soil particles. He took the average of the

opening of two sieves which defines the boundary of the,
particle size as intermediate diameter and correlated it

with flatness ratio as in Fig. 2.3. The figure provides the

variation of flatness ratio with average intermediate diameter

'for four size grades. The size grades are 0.351 to 0.246 mm

for A, 0.246 to 0.175 mm for B, 0.175 to 0.124 mm for C and
N

0.124 to O.OBB mm for O.

Due to inadequacy of the existing methods for descri-

bing shape Lees (1964) developed a new non-empirical method

for measuring the angularity of particles. The method takes •

into account three main characteristics of angularity, namely

the degree of acuteness of the angles of the corners, the

number of angular corners and the degree of projection of

the corners from the main mass of the particles. He also

criticised Wadell's sphericity as being inadequate to depict

particle shape without the USe of the ratio of flatness to

elongation.

Lambe (1969) considered particles in the silt size

range or coarser to be nearly equidimensional as spheres and

based on this reasoning he suggested to specify particles of

this size range by a single parameter called'equivalent

diameter.

Ehrlich and Weinberg (1970) developed method for

characterization of grain shape. This method yields a

mathematical model of the grain that will regenerate the
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.495

. 01.0.9 .8 .7 .6 .5 .4 .3 .2 .1 0
FLATNESS RATIO

Fig. 2.3 : Relation of flatness r:atio, measured
'ontermediate diameter, and arithmetic
mean intermediate diameter.

A,B.C and 0 are for 0.351-to 0.246'mm .• 0.246-1o
0.175-mm.,O.175-lo 0.124'mm. and 0.124-100.088 mm.
size grades, respectively. •.

( After R',tten house, 1943)
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...

R , is equivalento

~
I Rn Cos (n8 - ~n)
n=1

(1947) usea the word shapeHeywood

by the fourier series:

be readily analysed and monitored. ~n this method grain

where e is the polar angle measured from an arbitrary refe-

as a function of angle about the grains center of gravity

grain shape as precisely as required. In addition, by rep-

resenting grain shape as a linear equation with an indefinite

number of terms, with each term representing the contribution

of a known shape component, shape and changes in shape can

For the remainder of the terms, n is the harmonic order, R
n

rence line. The first term in the series,

shape is estimated by an expansion of the periphery radius

is the harmonic amplitude and ~ is the phase angle.
n

to the average radius of the grain in the plane of interest.

to which a particle approaches a definite form such as cube,

to indicate two distinct characteristics of particles

tetrahedron or sphere and relative proportions of the particle

another of the same class. With these two points in mind he

to which group each of these particles belong spheriod from

following ratios in cases where three mutually perpendicular

forwarded a listing of shape factors to be used in defining

the shape of a particle. He also proposed the use of the

(Allen, 1975). These two characteristics would be the degree•
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where T is the thickness, B is the breadth and L is the

L
= B

B
f = i

elongation ratio, E

flakiness ratio,

practice is whether one can tolerate the large deformatioRs

dimensions of a particle can be determined:

2. 3 7he. S''-'un gth 01 So i.e

which may occur before the maximum shearing resistance is

developed.

deformations may result from sliding at the particle surfaces

way in which the failure is defined. The usual form of the

The shear strength of any soil material depends on the

The crushing strength of a soil particle is generally

very high compared with th~ normal stress in the soil mass.

Changes in normal stress therefore cause only limited volume

resistance on these surfaces. The shear strength of a soil is

length of the particle.

as a result of applied shsar stresses ~hich exceed the shearing

rupture surface within the soil mass.

In the case of loosely packed sands and some normally conso-

change due to rearrangements of particles. However, very large

shear-stress-deformation curve for a soil is shown in Fig. 2.4.

Iidated clays, the maximum and residual values of the shear

strength are generally the Sqme and the only question in

the resistance to such shear deformations on a potential
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Residual strength -r res

•

Dense sands and
OVer- consolo'dated clays

----.- Principal Stress. tr

Loose sands and normally
consolidated remoulded clays

Deformat ion

Cohesion, C

Fig. 2./': Typical shear stress/deformation curves
for soils

Fog. 2.5: Coulomb's. failure theory
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In densely packed sands and over consolidated clays

the peak shear strength may be considerably greater than

the residual yalue which develops after a large deformation.

The peak shear strength however develops at small deformation.

In considering the stability of an earth structure therefore

it may not be reasonable to assume that the maximum shear

strength is developed everywhere simultaneously. The question

whether to base the calculations on the peak or on the residual

strength or one so~e intermediate value is an important one.

The shear strength is conventionally designated either by the

peak or by the residual value.

For stress-strain curves obtained from triaxial tests

Henkel (1959) defined 'failure' as the condition existing when

the deviator stress reaches a maximum. This is not a general

failure cr~terion since the deviator stress is a function of

pore pressure as well as soil properties. A more fundamental

definition of failure should be the stress state when the

ratio of principal stresses is a maximum

Scott, R.F. (1963) defined failure from a simplified

model of cohesionless soil consisting of rigid spheres in

hexagonal packing as the condition when the obliquity of the

resultant force on the surface of sliding becomes equal to a

constant value. Here obliquity is the angle that the resultant

force makes with the normal on the shearing plane.

For soils in general the resistance to sliding at the

particle surfaces is partly frictional and for granular soils

it is mostly frictional in nature.



normal force and

, -

Mohr's theory (Scott, C.R., 1969) predicts that failure

Fig. 2.5.

A graphical representation of equation (2.6) is shown in

where 'f is the shear strength of the soil,

a is the normal stress on the failure surface,n

C,W are parameters which are approximately constant

for a particular soil.

'f = c. + on tan

independent of the size of the two bodies.

In the derivation of Coulomb's failure theory, for the

20

i) the frictional force is directly proportional to

ii) the frictional resistance between two bodies is

nised. These were first stated by Leonardo da Vinci in about

will take place when the major and mi~or principal stresses

are related by some function of the form:

frictional component of resistance, it is assumed that the

laws of friction apply. Two laws of friction have been recog-

1500 and then were restated by Amantons in 1699 and are fre-

quently referred to as Amanton's Laws (Rosenak, 1963; Mitchell,

1976). They are:

Coulomb frist suggested that the shear strength of a

soil might be e~pressed in the form
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with 01 as the major principal stress and 03 as the minor

principal stress.

At failure the radius of the Mohr's stress circle is

some function of the mean principal stress ( 01 + 03)/2. A

series of such circles at various failure condition may be

connected by a line tangent to all the circles. Such a line

is known as Mohr's envel.ope. Fig. 2.6 shows such an envelope.

In practice the Mohr's envelope of a soil is commonly found

to be approximately straight over a considerable range of

normal stress and may be expressed in the same form as

Coulomb's equation for shear strength. A close approximation

of Coulomb's equation may be taken to be identical with the

Mohr envelope and the combination of these two failure condi-

tion~ is known as the Mohr-Coulomb failure theory. This is

depicted in Fig. 2.7.

Using Thurston and Deresiewicz's (1959) analysis Scott,

R.F. (1963) mathematically showed that for an ideal packing of

equal spheres under triaxial compression the failure can

uniquely be defined by Mohr-Coulomb theory. Mitchell (1964)

from his study of shearing resistance as a rate process derived

an equation for failure which closely resembles the Mohr-Coulomb

equation.

~ The non-existence of cohesion in granular soils does not

'necessarily mean that the strength of such soils can be accounted

•
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at constant volume deformation.
and ~ is the angle ~f shearing resistancecv

peak value of ~

~ is the component due to true friction or sliding between
lJ

grains, ~f is the component corrected for dilation, ~m is the

The critical void ratio shown in Fig. 2.B represents a

before significant interparticle movement can develop and thus

At the lo~estporosities, the peak strength is reached

stress is very high there will be less dilation but more grain

the large dilation contribution as shown. If the 'confining

requires ~olume expansion against the confining stress gi~ng

this connection dilation may be defined as the volume change

porosities some rearrangements develop prior to failure as

particles roll and slide along planes inclined at various

clearly the component of strength at different porosities.

condition where failure occurs at constant volume. In this

angles.

for this porosity.t.he work for rearrangement.is small. Failure

for entirely in terms of intergrain sliding friction. The peak

angle of shearing resistance ~ can be represented as the summ

of three contributions (Rowe, 1962): th; frictional resistance
\at contacts, the particle rearrangements and the dilation. In

case no work is required to produce dilation, and ~ is composed
m

only of ~ and particle rearrangements'. Fig. 2.B provides a
lJ

graphic illustration of the mechanism of~. mobilization and shows
m

tional components of ~ is shown in Fig. 2.B. In this figure

of the ~oil mass during shearing. Breakdown of various fric-

crushing .to accommodate the shear deformations •.At higher
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sand is strained to its ultimate condition that is when no

•, I
l

25•

angularity and decrease in sphericity, ~m and ~f increases.

He defined sphericity as the ratio of projected particle area

Koerner (1970) reported that with increase in particle

measure of particle shape.

further volume change takes place and that the sand is in a

to area of smallest circumscribing sphere and used it as a

presented in Table ~.2 confirm this prediction. Even when a

angle of shearing resistance.

Although in soil mechanics very little efforts have been

Lambe and-Whitman (1969) discussed critically the factors

affecting the strength of a cohesionless soil. As regards

composed of angular particles would have larger-angle of shear-

loose condition, the sand with angular particles has the greater

influence on the angle of shearing resistance, ~ • Representa~

the grain size distribution and shape of the grains have an

the effect of these t~o factors is well recognised qualitatively.

Terzaghi and Peck (1967) pointed out that for granular soils

2.5 ?a~Lice~ ShaR~ and Anquea~iLY a~ ConL~ituLinq TacLo~~
La Lhe Shea~ SL~~nqLh at q~anuea~ Soie

angularity they suggested that angular particles would inter-

tive values for ~ as quoted by them are shown in Table 2.1.

lock more thoroughly than rounded particles and_hence sands

~ng resistance. The data of peak angle of shearing -resistance

made to express particle shape and angularity in numerical terms,
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Table 2.1: Representative values of <jl for sands and silts
(After Terzaghi and Peck, 1967)

Material Angle of shearing resistance
Loose Dense

1 2 3

Sand, round grains, uniform 27.So 34°
Sand, angular grains, well 33.0° 4So
graded .
Sandy gravels 3S.00 SOo
Silty sand 27.0°_33.0° 30°_34°
Inorganic silt 27.0°_30.00 300_3So

Table 2.2: Effect of. ~ngularity and ~rading on ~ngle of
shearing resistance (After Sowers and Sowers,1961).

Shape and Grading Angle of shearing resistance
Loose Dense

1 2 3

Rounded, uni form 30.0° 370

Rounded, well graded 34.0° 40°
Angular, uniform 3S.00 43°
Angular,well graded 39.;0° 4So
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Determining sphericity according to Rittenhouse classi-

fication method (1943) and roundness according to Krumbein's

method (1941) and using these values in the analysis of test

results Bros (1979) found that in general the angle of shearing

resistance decreases with increasing value of sphericity and
roundness,

Although not dealing with soils Eerola and Ylosjoki's
•

(1970) working on the effect of particle shape on the friction

angle of coarse-grained aggregates projects an idea on the

effect of particle shape and angularity on shear strength of

granular soils, Their test results indicate that particle

shape has a distinct effect upon the value of the angle of

shearing resistance. They found that at a porosity of 26% the

angle ~ af elongated Macadam and rounded gravel differed from

each other by approximately 13 degrees, Fig, 2,9 shows their

experimental results showing the effect of angularity on
friction angle.

For the low strength of graded aggregate Gur, Shklarsky

and Livneh (1967) reasoned that comparatively large surface

area of the flaky coarse fraction of the aggregate and their

tendency to horizontal alignment favour higher resistance to

mutual vertical displacement that is reduced packability, As

a result excessive flakiness causes low density and therefore

reduction in strength,



Fig ..2.9:ElIect of particle shape and porosity on friction
angle. Dolled curves are from same compacting
work.
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situation is reversed.

(2.7)...

= kA

= k ~h
£

v = ki

Q
t

q

or

or

Permeability is the capacity of a soil to conduct or

sectional area perpendicular to the direction of

macroscopic flow, commonly called discharge or

between the piezometers. Expressed mathematically,

approach velocity,

where. v = total volume flaw rate per unit of total cross-

About one hundred and twenty five years ago Darcy (1856)

devised an experiment which gave a very simple result. The

becoming interested in the problem of flow through porous media

experiment illustrated in Fig. 2.10 showed that volume of flow

Q through the filter bed in time t was directly proportional

grained soils are considered highly pervious and therefore this

metric levels ~h and inversely proportional to the length £

to the cross-sectional area A and to the difference in piezo-

discharge water under ~ given hydraulic gradient. The coarse

type of soil has high. permeability. With fine grained soils the
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(2.8)...7TYS r4
~q =

y = unit weight of the fluid

n = viscosity of the fluid, and

s = hydraulic gradient under which flow takes place.

flow path, called hydraulic gradient, and

k = Darcy's constant of permeability.

i = total head lost per un~Lt length of macroscopic

Darcy's law was the result of simple experimental

A model may then be considered to consist of a bundle of

31

permeability may be expressed as

capillary tubes arranged parallel to each other with a ratio

soil n. On the basis of this parallel-tube capillary model

of pore cross-section to total area equal to porosity of the

where q = flow rate

capilary tube of radius rgiven by the expression:

theoretical relation between permeability and grain character-

observations. Many attempts have been made to achieve a

This constant k is a coefficient and considered as a measure

of permeability of a porous media.

istics of the soil mass and its.porosity. Many oT these rela-

tions have been derived from the Hagen-Poiseuille (Hagen,G.1839;

.Poiseuille, J. 1841) equation for viscous flow through a small



in order to correlate betwee~ model_~ndactual soil condition

wetted perimeter. When mathematically represented the p-ermea-

•
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(2.10)

(2.9)

...

...

3
n

~v

k = C 1.s 1)

k = C r2 .:L n
s n

n = porosity, and

y = unit weight of the fluid,

n - viscosity of flowing fluid, and

5 = surface area per unit of total volume.
v

where k = Darcy's .permeability constant

C = shape factor that takes into account thes
variability in pore shape

y = unit weight of fl.uid

n = viscosity of fluid

in shape of the capillary

r = radius of the capillary tube

C = shape factor which takes into accaunt the variation
s

bility equation on the basis of the above concept becomes:

Although the pore size may be related to the dimensions

concept as used by Kozeny is a function of hydraulic radius,

between grain size and pore size in a soil mass. Therefore,

that is the ratio between flow area in a capillary and its

grains can be arranged in various assemblages containing

different pore sizes there can be no unique relationship

an averBge pore diameter should be used. This average diameter

of the grains composing the soil and that a collection of

where k = Darcy's permeability constant
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(2.13)

(2.12)

...

--ck =

Terzaghi (1925) used an empirical relation ~etween

grain size 010 and permeability as

33

Apart from these theoretical models empirical formulae

Slichter (1899) derived an equation involving uniform

where the' parameter c/n varies from 800 for rounded sands to

2k = C 010

460 for angular sands.

porosity n, viscosity of water ~ , the constant C, effective

approximately equal to 100 for filter sands of uniform grain

Here 010 is defined as that grain diameter at which 10 percent

41 and 146 (Taylor, 1948). A particular value to be used for

of the material is of smaller diameter. The constant C is

sizes. For other types of soils C is reported to vary between

determine permeability. Hazen (1892) gave such an formula

spheres of diameter d and the empjrical constant c as

any soil should be determined experimentally.

are also available which use simple grain parameters to

for permeability as
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(2.14)

(2.158)

(2.15A)

..' .

...i

l!::... i
n

"'--~ = m, then the. equation (.2.14)

2TIr is represented by 'a' and the

2m a

2TIr
2TIr

q =

.1 2 ~.q = 2. m a _1.
n

q = Cs
;

handside. For tube cross-section of any type the rate of flow

may be given by,

The flow of ~ater in soils is laminar in nature. ;

2.8 1acto17..o Affe.cting Pvune.ae.ieity of Soi£..o

may be reduced to

ation will occur in the nUmerical coefficient on the right

under which flow takes place and n is the viscosity of water.

hydraulic mean radi~s of the tube, defined as the ratio of

If the cross-section of the tube through which the water

where q is the rate of flow, r is the radius of thetube,yw

is the unit weight of water, i is the hydraulic gradient

If the area of the tube

area to wetted perimeter, by m, that is

flows is not circular, it can be inferred that the .rate of

capillary tube may be written as

Poiseuille's equation for the laminar flow through a round

~ flow will be similar to the equatio~ (2.15A), the only vari-.,,

\
I
I
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where Cs is the coefficient depending upon the type or shape

of the cross-section and hence may be.called the shape factor.

Flow through soils is much more complicated than it is

through regular tubes of any cross-sectional shape. In the

first place the path of flow in soils is zigzag depending

upon the configuration of particles in a soil mass, compared

to much smoother path in tubes or pipes and secondly the

concept of mean hydraulic radius for soils is based upon som~

hypothetical grain diameter. However the preceding equation

can be used to indicate factors on which the coefficient of

permeability depends •
•

In equation 2.158 'a' represents the opening of the pipe.
"

In the case of soils, the water flows.through the pores and if

A is the total cross-sectional area of a soil section as used

in the Darcy's .equation, the area of voids A is given by nAv

with n being the porosity of the soil mass. The term nA is the

same as the area 'a' of ~he pipe. The porosity n can be replaced.

by 1 e ~. that is 'a'. Also the hydraulic mean radius m for+ e
pipes is the ratio of area to the wetted perimeter p that is
a where I a' denotes the cross-sectional of the pipe and- areap
p its perimeter. If the numerator and denominator in the ratio
a multiplied by the length 9- of the pipes, the hydraulicarep
mean radius may be defined as the ratio of the volume of the

flow channel to the surface area. This definition can be used

to derive an expression for hydraulic mean radius.
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1~ 6' de

• Comparing this equation

lTd3
-6-

:::: e 2
lTd

3e'1"+'8

C1 (2. de)2 (_e_A) Yw iq = 6 1+e f)

C1 d2
3 Ywe A)= (- 1 i

62 + e f)

d2
3 Y

C2
e w ). A (2,17)= -- 1- .,.1 + e . f)

So for soils

where C2 absorbs the fraction

with Darcy's law

The volume of flow channel in soils may be taken as the

Substituting the values of 'a' and m as found for soils
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effects of the soil particles.

and replacing Cs by C1 the following may be obtained:

Further the coefficient Cs may be replaced by a more

general coefficient C1 for soils to take into account the

factor C and any other shape, grain size and configurations

pore volume or the volume of voids which is equal to eVs where

e is the void ratio and Vs is the volume of solids. The surface

area As for the soil grains may be worked out on the basis of

a hypothetical spherical grain diameter d having the same volume

to surface area ratio of the soil grains collectively.
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ties of pore water. 80th of these quantities,change with

equation (2.18) represent the proper-Ywterm - in the
TlThe

of granular material.

dependence of permeability on the porosity for various types

to depend to some extent on the void ratio. Fig. 2.12 and

The factor C2 in equation (2.18) dpends upon the shape

of void space in the soil and consequently may be considered

ship between permeability and Hazen's effective ..grain diameter.

soil. Fig. 2.11 collected from Loudon (1952) shows relation-

the second power of some .measures of the gr Bin size of the

It can be concluded therefore that the value of k depends upon

Fig. 2.13 collected. from the work of Loudon (1952) depict the

The permeability of a soil is a function of the shape

In equation (2.18) the value d, though a hypothetical

particle roundness and sphericity.

grain diameter, is a measure of the grain size of the soil.

compaction for different types of sand grains. It is evident

mass represented by the factor C2• For example results reported

by Bros (1979) are shown in Table 2.3 for coefficient of per:

meability at maximum dry density obtained by Standard Proctor

words, permeability depends upon the structure of the soil

from the data that permeability in general increas~with

of the soil pores which depends on the shape and size of the

soil particles and their arrange'ments in the mass. In other

the permeability of a soil mass depends.

This ~quation gives a clear indication of the factors on which



Table 2.3: Effect of particle shape on engineering properties of sands (After Bros,1979).

~

Type of Roundness Sphericity Permeability Shear strengthsand
Test void k in cm/s Initial void Angle of
ratio ratio shearing

. resistance
1 2 3 4 5 6 7 ,

San d 1 0.1 0.67-0.69 0.643 -5 0.728 43.005.oox1o ..
Sand 2 0.1-0.2 0.69 0.588 -6 0.642 40.002.99x1o

Sand 3 0.1-0.2 0.75 0.451 -6 0.463 41 •505.19x1o

Sand 4 0.5-0.6 0.83-0.85 0.595 -4 0.648 38.509.41x1o

Sand 5 0.6 0.81 0.610 -2 0.6S6. 37.001.o6x1o

San d 6 0.6-0.7 0.87 0.608 -3 0.653 37.So5.44x1o

San d 7 0.5-0.6 0.77 0.652 -3 0.656 37.502.o6x,1o

0.8-0.95 0.87 0.720 -3 o•.7S8 36.00Sand 8 1.83x10

Sand 9 1.0 1.00 0.691 -3 0.757 29.506.45x1o
.

~

l>J
CD
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Data hom various published .papers
relation between permeability and

effective size ( alter Loudon. 1952 )
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/

temperature. However, it may be noted that the unit weight of

water does not change with temperature as much as does the

viscosity.,

Finally air trapped in the voids can obstruct the free

flow of water in the soil mass. As'such the presence of air

or degree of unsaturation affects the value of permeability.

The review of literature reveals that any method of

quantifying particle shape and angularity is at best an

approximation of the complex three dimensional morphology of

sand grains. Although various methods are available to express

grain shape~and angularity~n nu~erical terms none seem to, be

completel y-'aclequate in-011- respect.

Among many factoTsvo'id -ratio is 'considered to- be---an-

important one that _influenc:es_shear--strength. From microscopic

point of view it is the fabric that is most important. Fcir a

particular soil with the same void ratio the strength may vary

depending upon the particle arrangement or fabric. The fabric

depends upon the particle size, shape and angularity. It is

found that with the increase of angularity the shear strength

increases.

Permeability is influenced by the shape of pores in the

soil mass, viscosity of the fluid which is flowing through

the soil and by the temperature. Here the shape of the pores
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and the void ratio is determined by the grain size, shape and

angularity. It has been found that larger the grain size the

greater the permeability. It has also been established b9

experiments that a soil mass with spherical particles shows

higher permeability than soils with angular grains.

An examination of the published work for granular soils

of Bangladesh revealed that no information is available to

relate the effect of particle shape and angularity on engin-

eering properties of these local soils.
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It has been referred earlier that a number of definitions

4nquea//.iiy J
be describe'dAlthough particle shape and angularity can

De./,iniiion/.> 4doaie.d to//. ?a~iicee. Shane. and

divided by its length and width.

Finally thickness is defined as the volume of the particle

In this thesis sphericity has been used as a ratio of

Chapiet/. 3

used as the ratio of width to the thickness of the particle
•and elongation as the ratio of the length of the particle to

dimension of the particle while width as the lar~est dimension

in any plane perpendicular to the plane containing the length.

its width. In this connection length is taken as the largest

by a variety of terms, it is more common to use terms like

sphericity was suggested by Wadell (1932). Flakiness has been

describe angularity. Allen (1975) defined the inverse of

the surface area of a sphere equivalent in volume to that of

the particle to its actual surface area. This definition of

3. 2

3.1 Ini~oduciion

sphericity as angularity.

taken as a measure of particle shape. It can also be used to

sphericity, elongation and flakiness. Sphericity is usually

the objectives of the research.

the definitions adopted for this research and also describes

of grain shape and angularity exists. This chapter specifies
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3.3 Otiective ot the Re~ea~ch

From the literature review it is apparent that little

published informations are available to account for the effect

of particle shape and angularity on engineering properties of

sands. This research work has been undertaken to achieve the

following objectives:

i) To determine the shape and angularity characteristics

as defined in the preceeding article of a number of

selected local soils.

iiJ To evaluate the..effect of particle characteristics

on shear strength of the soils at various void ratios.

iii) To determine the effect of particle shape and

angularity on permeability of the soils at three

different porosities.

3.4coeeection ot Soie Samnee~

A number of soil samples were collected from the river

beds at different locations in Bangladesh. From a preliminary

study of shape and angularity characteristics of these samples

five samples were selected for further study. The reason for

selecting these five soil samples were that they varied markedly

in their individual grain characteristics. These selected soils

were from the river beds of Meghna at Dhaka, Padma at Rajshahi,

Teesta at Ranpur, Old Brahmaputra at Jamalpur and Mymensingh.
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3.5 The Te6t P~oq~am

Grain size analysis and specific gravity determinations

were made on representative fractions of all the soil samples.

From the soils analysed for size distribution a representative

portion obtained by successive fractioning was examined under

microscope for the determination of particle length and width.

Average weight of a particle was computed from the collective

weight of a known number of particles. These quantities formed

the basis for the determination of particle sphericity, elong-

ation and flakiness.

Subsequent to the determination of grain characteristics

direct shear and permeability tests were accomplished o~

represent~ative ~samples of each of the collected 'soils. Both

the~shear and permeasi-lity tests were carried out at three
"

void ratios. For direct shear test three normal loads were

applied at each void ratio.



Chapt~~ 4

DE7E/~INA7ION OT gRAIN CHARAC7ERIS7ICS

and

ENgINEERINg PROPERTIES OT THE SOILS

4.1 Int~oduction

Oetern,ination of surface area is quite complicated although

equipments are available for the purpose., Due to the nonBvail-

ability of any such equipment direct measurement of surface'area

of soil perticles could not be made. Consequently a simple

i~ealization of the actual shape of the particle~ was assumed.

It was assumed that the soil particles are rectangular paralle-

lopipes~aving the same~olume as the particle's actual volume.

The following articles describe methods for determining the

shape characteristics based on the above idealization and also

the methods. fo~detErmin~ng their. Engineering properties.

4.2 n~a~un~m~ntand Comnutation ot.qnain Cha~act~~i~tic~

The grain size analysis was performed by following the

A5TM standard (0 422, 1972). After the grain size analysis

the fractions of dry soils retained on each sieve were preser-

ved separately. The specific gravity of the soil solids were

determined by the method suggested in A5TM 0 854, 1972,

A maximum of four hundred oven dried soil particles

were counted for each preserved fractions and then we~ghed

by a sensitive balance capable of reading upto four decimal

,
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(4.1)...V = (W/N)/Gs

longest dimension of the image of the particle when

ii) The length of the particle was measured-from the

examined under the microscope and when it was free

observed that sand grans rested on its most stable

to rest on the glass slide.

were measured directly by a microscope fitted with a sliding

extreme points on the boundary of the image perpendi-

cular to the direction of length measured.

Following the computation of the equivalent spherical

i) Sand particles were placed on a glass slide. It was

iii) The width was taken as the distance between two

position.

micrometer by a procedure described below:

radius ten grains were picked randomly.from each preserved

soil fraction. The length Land width 8 of these then particles

From the above expression it is apparent that the radius R1•

of a sphere having the same volume as V can be expressed as:

particles and their specific gravity, the average volume of

positions of a gram. Dividing this weight by the number of

and G be their specific gravity, then V, the average volume. s

a particle was obtained. If W be the weight of N particles

of particle was obtained as:

f
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(4.4)

• • •

+ w Wn n

...

+ W n

B
T

L
B

2
411R,

2(LB+BT+TL)

V
T = 'Li3

f ;

equation:

Wave ;:::

Elongation, ~£ =

Flakiness,

The values thus obtained r~presented a particular sieve

49

v) L,B and T were then averaged for the ten particles •
.

From the measured values of L,B and computed values of

Sphericity, W =

iv) Thickness T was then computed by the following

calculated by the expressions given below:

where V is the volume of the particle determined by equation

fraction on}y. To make them representative of the whole soil

sample the weighted average of all the soil fractions were

4.'.L and B are its measured length and width respectively.

following expressions:

T and R, the particle shape and angularity in terms of spheri-

city, elongation and flakiness were comput~d by u$ing the
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were followed:

For
2kg/cm

Here W , E , and f are theave ave ave

0.63, 0.76 and 0.81 respectively.
. 2

normal loads of 0.25 kg/cm , 0.50

w1 E1 + w2 E2 + w3 E3 + .... + W En n (4.8)E =ave w1 + w2 + w3 + .... + wn

w1 f1 + w2f2 + ,w3f3,t, '.,•...... + w f
f 'n, n (4.9)=ave w1 + w2 + w3 + ...... + wn

each void ratio three

was 0.12 cm/minute. Soil used in the test was air dried. The

2and 1.00 kg/cm were used. The test procedures described below

The engineering properties determined in this research

test void ratios were

The shear box used 'was circular in shape with a diameter of

presents the schematic diagram of direct shear test apparatus.

shear box was always maintmned at 2 cm. The shearing speed

4.'3 DeiluLminaiion ot Shea//. Si//.enqih

6.35 cm. The initial thickness of the soil specimen in the

weighted average sphericity, elongation and flakiness respec-

include shear strength and permeability. Direct shear tests

tively for the particular soil sample.

flakiness respectively.

f are the corresponding values of sphericity, elongation and

where w subscripted by 1,2,3 ••• n indicate the weight of

fractions of the soil retained on each sieve. The W , E , and

were performed to determine the shear strength. Fig. 4.1
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Schematic Diagram of O',rect .Shear Test ApparatusFig. l..'

Dial gauge to measure vertical movement and to observe
consolidation tor .consolidated" test

0- Lateral deformation measuring gauge

0- Set screws to fix load head into pos'ltion

0- Serra1ed edges to h old sample

0- Se\ Screws to seperate s hear box

0- Loading bar

@- Alignment p',ns

@- Load head

(D- 50',1 sample

(5;)- Shear load
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i) A dish capable of containing approximately 500 gms

of air dried sand was weighed. ,

ii) The separation screws @ on the top half [If the

shear box was lowered and then the two parts of

the box was locked together.

iii) Predetermined amcunt of sand to produce the required

void ratio was placed on the shear box from the dish

iv) The loading block CD was placed on the top of the'

serrated porous stone placed on the soil sampl.e.

v) Normal load of desired magnitude, which include I

2 2 20.25 kg/cm , 0.50 kg/cm and 1.00 kg/cm , was applied

to the soil through the loading block.

vi) The two parts of the shear box were separated by

advancing the spacing screws in the upper half of

the mold. The spacBwas slightly larger than the

largest grains of soil used for the sample.

vii) Two dial gauges -0 _and_ @. were .attached to measure

the vertical and shear displacements.

viii) The shearing load Ph was applied through a calibrated

proving ring fItted with a load dial. The correspon-

ding vertical and shear 9isplacements readings by

dials @ and @ were maintained.

ix) The data thus obtained were used to plot the stress-

deformation and volume-change-deformation curves.
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4.4' Deiell.minaiion ot l'ell.mea/lie.iiy

For the determination of permeability the falling head

method was adopted. Fig. 4.2 presents the schematic diagram

of the falling head permeability setup. The diameter of the

permeameter was 3.556 cm and its height was 7.112 cm. The

diameter of the stand pipe was 0.720 cm. For each soil per-

meability was determined at three porosities. The porosities

are 40%, 44% and 49X respectively. A brief account of the

test procedure is given below:

i) Soil was placed in the permea~eter after placing a

Watman 100 filter paper-et its bottom. The weight

of the soil pIeced was such that it completely filled

the permeameter. This weight of the soil required

was computed from the known value_of specific gravity

of soil particles, intended void ratio of the soil

specimen and volume of the' permeameter.

ii) The soil in the permeameter was, compa'cted to the desl red

void ratio in three layers by using a 1" dia rod as a

compactor.

iii) Another filter paper was placed at the top of the

soil sample and then the block cont aining the stand-

pipe was placed and properly screwed to ensure tightness.

iv) Closing both the valves, suction was applied through

the top of stand pipe and it was continued for twenty

minutes.
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0- Control Valve

0- Porous 5tone

<2)- Permeameter
Q- Filter Paper

~-5tandpipe

@)-50'" 5pec'lmen

/0
T

F;g.4.2 Schematic Diagram of the Falling
Head Perm,eability Test Apparatus
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a J!,
2....E.A t

p
k = 2.3

where k = Darcy's coefficient of permeability

a = Cross sectional area of the standpipes
A = Cross-sectional area of the permeameterp

following formula:

of permeability~

Three such measurements were made for the calculation

fall a certain height was recorded by a stop watch.

required for th-e.water column in the standpipe to

5 minutes to remove the entrapped air bubbles in the

soil of the permeameter.

was applied through it to ensure saturation. Boiled

pressure.

distilled water was used in the application of back

water was circulated~hrough the bottom for another

Later the top valve was opened and boiled distilled

2opened and a back pressure of magnitude 0.05 kg/cm

to suck boiled distilled water for about 15 minutes.

v) Through the bottom valve the soil sample was allowed

ix) Finally the permeability was computed by the

vi) Keeping tpe upper valve closed the lower valve was

vii) The back pressure was maintained for 10 minutes.,

viii) With top valve closed and bottom valve open time
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l.p = Height of the permeameter

t = Time required by the water surface in

the st andpipe in falling from a head

of h1 to h2'

All through the test boiled distilled water was used. The

water flowing out of the soil in the permeameter through the

bottom valve was collected. Also the volume of water flowin~

through the soil from the standpipe for a particular height

of fall was computed from the height-o~fall and the diameter

of the standpipe. The volume of water flowing through and

coming out of the soil should be equal. These two quantities

were checked during all the permeability measurements.



•

•

Chapiell. 5

[XP[RI~[N7AL R[SUL7S AND DISCUSSIONS

5.1 Inill.oduciion

The soil samples used in this research are designated

by the symbols listed in Table 5.1. The table also shows their

location, particle characteristics and other grain properties.

5.2 Yll.ain Size Dihill.iRuiion and Pall.iicee Chall.aciell.ihiich

The typical grain size distributions of the soils are

presented in Fig. 5.1. None of the soils contain any clay

particles •.The figure. shows that the amount of fines, that is

particles less than 0.074 mm, in the soil samples is very in-

,significant. The soil 55-5 collected from the bed of Old

Brahmaputra at Mymensinghcontains the maximum fines of 4% and

the soil 55-3 from Padma at Rajshahi contains less than 1%.

The uniformity coefficient of the soils vary from 1.92 for

55-4 to 2.67 for 55-5. The intermediate values are 2.16 for

55-1, 2.44 for 55-4 and 2.58 for 55-2. The grain size distri-

bution features and the particle characteristics are summarized

in Table 5.1. The contents of the table are arranged in order

of increasing value of sphericity. That is the soil sample 55-1

has the least sphericity while the soil 55-5 has the maximum

sphericit~.

5.3

Nine direct shear tests were performed on each of the five

selected soils at different void ratios and loading condition to'

evaluate the shearing characteristics of the soils.



•

Table 5.1: Grain properties of the soils investigated

Sample Location Speci fic Effective Unifor- Sphericity Elongation Flakiness
.designa- of gravity grain dia. , mity ljJ ave E: :mm/mm f :mm/mm
tion sampl e °10:mm coeffi- ave ave

6/ 2cient,U mm mm
..

1 2 3 4 5 . 6 7 8

.
SS-1 Jamalpur 2.61 • 0.155 2.16 0.25 1.50 11.00

(8rahmaputra)
Old

SS-2 Rangpur 2.68 0.1 20 2.58 0.37 1.37 9.1 2
(Teesta)

SS-3 Rajshahi 2.65 0.145 2.44 0.45 1.18 7.40
(Padma)

SS-4 Dhaka 2.66 0.135 1.92 0.57 1.27 5.48
(Meghna)

SS-5 Mymensingh 2.70 0.1 50 2.67 0.73 1.10 3.60
~ (Brahmaputra)

(Jl
CD
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Since a large number of stress-deformation - volume

change curves wereobt~ned, the results are summarized in

Table 5.2 and in Fig. 5.2 some of the typical curves are•
presented. As mentioned earlier the direct shear test was

performed at three different loading condition for each void

ratio. The values of the shearing resistance at peak and ulti-

mate conditions are presented in the fourth and fifth column

in Table 5.2 while the 6th and 7th column contain the value~

of the angle of shearing resistance at peak and ultimate

conditions respectively obtained from plotting of the failure

envelope for peak and ultimate condition from the direct shear

test results.

The curves presented in the Fig. 5.2 describe the general

nature of the soil behaviour when subjected to direct shearing.

From the curves -it is evident that the shearing rei stance incr-

eases with increasing deformation and on reaching a peak value

the resistance gradually decreases and finally assumes a cons-

tant residual value at large deformations. The volume change

curves, on the obher hand, show that there is always decrease

in volume during initial l?ad application and shearing. This

decrease in volume with increase in shear deformation fades

away giving rise to an increase. This phenomena of increase

or decrease in volume during shearing is termed as dilation.

At large deformation the shearing resistance assumes a constant

residual value,the corresponding volume change curves at this

stage of deformation are observed to remain horizontal. The

•



Soil ,Location Initial Normal Shearing Angle of shearingType void load2 Resistance resistance(degrees)
ratio (kg/cm ) (kg/cm2) .

Peak Ulti- Peak Ultimate
mate

1 2 3 4 5 6 7 8

1 .00 .98 .62
0.63 0.50 .53 .32 45.0 33.0

0.25 .29 .18
,

1.00 .83 .62 .
SS-1 Jamalpur 0.76 0.50 •44 .32 41. 0 33.0

(Brahmaputra) 0.25 .24 .18
Old

1.00 .70 .62
0.81 0.50 .36 .32 36.0 33.0

0.25 .21 .18

1.00 .96 .63
0.63 0.50 .50 .31 44.0 33.0

0.25 .27 .17

1.00 .76 .63
55-2 Rangpur 0.76 0.50 .40 .31 '38.0 ,33.0

(Teesta) 0.25 .20 .17

1.00 .64 .63
0.81 0.50 .32 •31 33.0 33.0

0.25 .17 .17

1.00 .89 .65
0.63 0.50 .48 .36 42.5 33.5

0.25 .26 .19

1.00 .78 .65
55'-3 Rajshahi 0.76 0.50 .39 .36 39.0 33.5

(Padma) 0.25 .23 .19

1.00 .70 .65
0.81 0.50 .36 .36 34.5 33.5

0.25 .19 .19

Table 5.2: Peak and ultimate values of shear strength and angle of
shearing resistance for v~rious initial void r9tios and
normal loads.

61
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Table 5.2 (Contd •••• )

1 2 3 4 5 6 7 8

1.00 .84 .64
0.63 0.50 .49 .34 42.0 33.0

0.25 .26 .17

1.00 .73 •64 .
55-4 Dhaka 0.76 0.50 .39 .34 37.0 33.0

(Meghna) 0.25 •21 .17

.1.00 .67 .64
0.81 0.50 .34 .34 33.0 33.0

0.25 .19 .17

1.00 .72 .62
0.63 0.50 .44 .28 39.0 32.5

0.25 .24 .16

1.00 .68 . ;62
55-5 Mymensingh on6 0.50 .32 .28 35.0 32.5

(Brahmaputra) 0.25 .19 .16
Old

1.00 .62 .62
o.B1 0.50 .36 .2B 33.0 32,5

0.25 .17 .16
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ratio.

Also it is observed thatparticle shape characteristics.

with increasing values of these two quantities representing

soil particles. The an~le of shearing resistance should increase

elongation decreases because of the more spherical shape of the

Moreover with increasing value of sphericity the flakiness and
\ .

the interlocking becomes higher for a particular void ratio.

found that the strength increases with increasing elongation and

three void ratios as in the case of sphericity. In these figures

values of particle elongation and flakiness respectively at

variation of the peak angle of shearing resistance with average

The straight lines of Fig. 5.4 and Fig. 5.5 indicate the

flakiness. It is likely because with elongation and flakiness

the variation has been approximated by straight lines. It is

and hence the strength decreases. The curves also disclose

void rat~o the greater will be the interlocking hence the

of shearing resistance is higher than for that for higher void

that for lower initial void ratio the rate of change of angle

greater the value of the angle of shearing resistance. On the

contrary when sphericity increases the interlocking is reduced

reasoning. This establishes the fact that lower the initial

been approximated by straight lines. From the curves it is

initial void ratio. This finding conforms with the general

increasing sphericity and it has higher magnitude for lower

obvious that the angle of shearing resistance decreases with

ratio. The variation of the angle of shearing resistance has

stress and the corresponding normal pressure at each void
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expression is being proposed to determine the peak angle of

(5.1)+ (0; + (3x)= <l>
cv

include sphericity, elongation and flakiness.

characteristics. In this context particle characteristics

been established from _Fig. 5.3, Fig. 5.4 and Fig. 5.5 that peak

where <l>mis the peak angle of shearing resistance, <l> is thecv

angle of shearing resistance at constant volume deformation,

'';.' .•.
:"',

Fig. 5.6 presents the ultimate angle of shearing resis-

The ultimate angle of shearing resistance is independent

0; and (3are two constants, and x is a measure of particle

increases with elongation and flakiness. The variation is found

angle of shearing resistance decreases with sphericity and

to be almost linear. Depending on this linearity a mathematic-al

shearing resistance:

angle of shearing resistance vary neither with sphericity

nor with particle elongation and flakiness. Here the ultimate

angle of shearing resistance has been obtair;Jedfrom a failure

envelope plotted from the ultimate valu e of the shearing resis-

tance and the corresponding norma1 stress. ~his happens because

at the ultimate stage the soil mass shears without any volume

change and hence no interlocking.

of particle sphericity, elongation and fl-akiness. AI-so it has

flakiness in the same plot. It is observed that the ultimate

t <nce as a function of particle sphericity, elongation and

the rate of change of angle of shearing resistance with elong-

ation and flakiness is higher for lower initial void ratio.



Fig. '5.6 Effect ot Particle SphericitY,Elonga1"on
and Flaki~ess on Ultimate Angle of
Sh'earing. Resistance .

70

I
12

C d~

I
1.6

mm Imm

0.6 0.9
('f ave. ): mrrfJ m m2

I
1.4

€ave ):
I
8

(fave ). mm Imm

o

0.3
sph~ricil Y

i
1.2

Elongation .(
1

4

b

Symbol A D 0

Function at Soheri city Elonacition Flakiness

Particle Flakiness

o200
Particle
I !

1.0
:Particle
I

o

50

o40

30
0

~

'"c:
<{

III

"5
E

-o

""S-

III
u
c:
a.-VI

.;;;
III
CC

C'l
c:.-~a••J::-
lfl

..'



(5.1C)'

(5.18)

(5.1A)

~ is
cv

• • •

133are provided in Table 5.4~,
and Table 5.5 respectively. Fig. 5.6 shows the value of ~cv
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by li~earinterpolation. It is also to be noted that the above

equations will apply only when the soil is clean sand and when

The magnitude of ~ at other void ratios intermediate to
m

those presented in Tables 5.3, 5.4 and 5.5 can be approximated

The constants CI and 13 depend on the initial void ratio

for the above equations. From this figure the value of
d 330.rea as

Equation 5.1A represents the straight lines of Fig. 5.3. Th~

The values of Ctz' 132 and

ate also proposed to determine the peak angle of shearing

valves of Cl1 and 131 for various void ratios are presented

in Table 5.3.

of particle characteristics:

of shearing resistance when sphericity is taken as a measure

following equation is pro~oied for determining th~ peak angle

of the soil mass and on the particle characteristics. The

resistance when elongation and flakiness are considered as

measures of particle chaiacterist~cs respectively:

Similarly from the values of peak angle of shearing

.resistance from Fig. 5.4 and Fig. 5.5 the following equations
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Tabla 5.3: Valuas of cx1 and .S1 whan spharicity is takan
as a maasura of particla charactaristics.

Void Ratio cx1 S1

1 2 3 .

0.63 15.89 -13.54
0.76 11.89 -13.54
0.81 5.08 -8,.33

Table 5,4: Valvas of cx2 and S2 whan alongation is takan a~ a
maasura of particla char actaristics,

Void Ratio cx2 S2

1 2 3

0.63 -14,63 18.75
0,76 -16.25 17.50
0,81 - 8.25 7.50

Tabal 5~5; Valvas ofCX3 and S3 wh~n flakiness is takan
as a maasura of particla charactaristics

.

VoHI Ratio cx3 S3

1 2 3
0,63 2.58 0.95
0,76 -0,92 0,81
0.81 -2,20 0.47
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the uniformity coefficient lies between 1.92 and 2.67 and the

effective grain diameter ranges from 0.12 mm to 0.155 mm.

Fig. 5.7 presents peak shear strength as a function of

average sphericity for various void ratios and loading condi-

tions. It is observed that the shear strength decreases

with inc;rease in sphericity. Similarly Fig. 5.8 and Fig. 5.9

depicts the variation of the peak shear strength with elonga-

tion and flakiness respectively. As in the case of angle of

shearing resistance here also it is observed that the strength

increases with increasing elongation and flakiness. Fig. 5.10,

Fig. 5.'11 and Fig. 5.12, on the contrary •...presents the ultimate

value of shear strength as a function of particle sphericity,

elongation and flakiness respectively. These figures disclose

that the ultimate strength is independent of these particle

characteristics. No attempt has been made to develop equation

for the determination of shearing strength because for granular

soils it is the angle .of shearing -resistance that describes

the strength completely.

From the test data obtained from the falling head per-

meability test the coefficient of permeability wa~ computed

at the test temperature. This was then converted to correspond

to a test for a temperature of 200C. The permeability measure-

ment were made at three different porosities for each soil.

The permeabilities at 200C in log scale have been plotted
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against porosity in Fig. 5.13. For each soil the plots closely

approximates a straight line.

5.6 [tt£ct @t Pa~ic££ Sohe~icitu! [£onqatian and 1£&kin£~~
en P£~£agi£ity

Fig. 5.14 through Fig. 5.16 show permeability at 200C

as a function of sphericity, elongation and flakiness respec-

tively. In these figures log of permeability has been plot~ed

against the above mentioned particle characteristics in ordinary

scale. In Fig. 4.14 it was possible to draw an average curve

for all the void ratios. Fig. 4.15 in which log of permeability

has been plotted against particle elongation, the points for

n = 49.0% are so scattered that the variation has been indicated

by a narrow strip bounded by two curves. The same has been done

for Fig. 4.16 at the lowest porosity.
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Chard-e.//. 6

CONCLUSION AND R[COnn[NDA7ION

6.1 Conceu~ion~

The major conclusions stemming from this study are

presented below. Among them the first, second and the last

one confirm the findings of the earlier researchers.

i) The peak angle of shearing resistance decreases

with increasing sphericity and increases with

increasing elongation and flakiness. Consequently
I

the peak shear strength decreases with increasing

sphericity and increases with increa.sing elongation

and flakiness •.

ii) The effect of particle sphericity, ~longation and

flakiriess is higher at lower void ratio than that

at higher void ratios.

iii) The ultimate angle of shearing resistance isinde-

pendent not only of particle sphericity but also of

elongation and flakiness. As a result the ultimate

value of the shearing resist~ce is independent of

these three particle characteristics.

iv) For granular soils, collected from the river beds

of Bangladesh at some selected locations, with

uniformity coefficient between 1.92 and 2.67 and

effective grain size between 0.120 mm and 0.155 mm
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the peak angle of shearing resistance can be

approximated by the equation

<P m = 33 + (a + f3x)

In which a and f3 are constants depending upon the

grain characteristics x. Table 5.3, 5.4 and 5.5

pfovide values of a and f3 for.different grain charac-
teristics and~v6id ratio conditions.

v) With particle sphericity increasing Darcy's coeffi-

cient of permeability increases and it has a decrea-

sing trend with increasing elongation and flakiness.

6.2 Recommendationto~ Tutu~e /1ehea~ch

This research work was restricted to the evaluation of

the effect of particle shape and angularity on shear strength

and permeability of granular soils. No attempt has been made

to separate the strength component.

The evaluation of shear strength parameter <Pf, the angle

of shearing resistance corrected for dilation, is of practical

importance. The reason for such a statement requires visuali-

zing a shear failure in any plastic equilibrium problem involving

a soil mass. If the strain at every point along the failure

path could be measured it would vary from near zero at the most

recently mobilized section to a relatively high value at the
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the initially mobilized section. But the maximum value of the

angle of shearing resistance occurs at on~y one value of' strain.

Therefore it carr n~t be counted upon along the entire failure

path. In fact, as shear progresses the value of the angle of

shearing resistance falls to a limiting value of ~f' In other

words the dilational component of the shearing resistance can

not be relied upon.

Need often arises for an approximate value of the an~le

of shearing resistance without going to the expense of~undis-

turbed samples and laboratory tests. In addition, cohesionless

soils are usually difficult to sample in the undisturbed state.

On the other hand, properties like particle shape, size and

gradation can be readily and economically obtained. It is,

therefore, suggested that a formula be developed for ~f as a

function of 'particle shape, size, distribution and relative

density of the soil mass.

As regards permeability it is recommended that all the

existing formulae to determine permeability_from simple grain

property be studied and their validity be determined for various

particle shape, size distributions and relative density ranges.
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IIppe.ndix.

7WPICIIL PH070qRIIPHS OE 7H[ SOILS S7llDI[D

11.1 lnt~oduction

For the visualization of the particle shape and angularity

of the soils investigated photographs of representative fractions

are provided in the following article.

11.2 7YRicae Photoq~aRhh,

The following are the photographs of representative

fractions of the soils used in this research. The identification

of each soil is attached at its bottom. Except the soil 55-1

all the soils have been magnified 60 times. The magnification

of 55-1 is 120.

Fig. A.1: 55-1, collected from the bed of
Old Brahmaputra at Jamalpur.



Fig. A.2: 55-2, collected from the bed of
Teesta at Rangpur.

Fig. A.3: 55-3, collected from the bed of
Padma at Rajshahi.
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Fig. A.4: 55-4, collected from the bed of
Meghna at Dhaka.

Fig. A.5: 55-5, collected from the bed of Old
Brahmaputra at Mymensingh.
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