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STRUCTURE AND

SOTL DEPOSIT, TYPLE,
CLASSIFTCATION

3.1 Soil Deposits
soil deposits in a well-defined

Accumulation of soil particles forms
sequence of geologic processes. Depending on the type of parent
materials of soil deposit, it may basically be grouped into
or‘gidnic and inorganic/ mineral soil deposits,
M‘.
>

3.1.1 Soil deposits of organic origin_

Organic deposits are due 1o the decomposition of organc
maticrs and found usually in fopsoil and marshv place. A soil
deposit of orqanic origin is said {0 peat if it is at the higher end of The
organic content scale (75% or_more according to some autncrs),
organic soil at the low end, and muck in between. Peat soil depusit s
usually formed of fossilized plant materials and characterized by itbre

content and lower decomposition or humification.

However, thera are many other criteria existed to classify the orgenic
deposits and it remains still as a controversial issue with numerous

approgches avaiable for varying purposes of classification. Soil from
organic deposit refers o a distinct mode of behaviour different Ahen

traditional soil mechanics in certain respects. American Societly for
terials considered one of the possible approaches for

Testin
classifying soils in terms of organic contents (OC) that may be stated
as foilows (Eail, 1997).
£ 0C5%,  little effect
inorganic soil.
¥ OC in between 6-20%: affects the properties bu
behaviour is still like mineral soils) ergane silis and

on behaviour: considered

i
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Table 3.2 Identification of Fine Grained Soil Fraction f" A
1 ispersion
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| Soil Type | Dry Sfrenﬁh._,‘?_’l‘lfﬂﬂff_.ﬂ;fﬁ/«é--- 4G cec to |
N 1 , Weak to | sl !
Sandy silt | G Rapid able | GOmin_ |
[ very low o frioble | .0 ""f A
. | Very low to . Weak 1o | 15 e e !
- S,'“ lows ik friable | 60'mm 'ﬁ]'
-— et -‘..._ o Erpe— ...,;M-.uu A'RV id 1‘— ’ ’ 15 min fo H
deperaint | ol | S Medlum | _ several hours _ |
T Slow 1o | , : 30 zec to |
[ Sandy clay | Low to high sn‘:):e ° | Medium i’ several hours |
. Medium to | Slow to . i 15minto
LS’“Y clay high none Madl,liT. | ceveral hours |
' High to Several hours to
Cl ’
L ay very high PRnE Tough . __,,.,_._d_“Y?.---——-T
o Low to Weak to 15 min to ‘
o |
/ rganic silt L medi Slow Frtable several hours |
I . & s ]
' Medium to Snveral hours to
(0 )
l rganic clay Y wery hilgh None , Tough _L...,.-._HEY.S_. ___J‘

#3.2.1 Structure and Fabric of Soil »—

#soil structure may_be defined as the geometric and skeletal

arrangement of the particles and inter-particle forces that

may act on them. Soil structure includes gradation, arrangement of

particles, void ratio, bonding agents, and associated e'ectrical forcesg

Structure of the soil is the property which produces o response to

external changes in the environment, such as lcads, water and

temperature, and other factors. Structural compotition . of soil

influences engineering properties of soil such as permeability,

Compfessibi!ify and shear strength, SCommonronu 5 5ol shuscture vo [ »ouck
' N don oy = Soil fabrie <mo. i .

e : g ; it rg .
~JS0il_fabric is a term used to describe the structure of clays " domeek wm

: T —— N
and denotes the geometric arrangement of the mineral %%“:\Lwh

particles in a clay mass as observed by optical and electron—
microscop‘e_:.] The geometric arrangement includes parvicle spacing and
pore size distribution. The following are the common sail structures:

")"

-
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* Single grain structure
» Honeycomb structure
* Flocculated structure
» Dispersed structure
» Packet or ped

i ™ ‘r.-...‘ - 4 A D
The first two types of structure are usually common in coarse

gramed soil, the rest being for the fine gmmcd. The different
types of soil structures for coarse and fine grained soils are shown in

Figs. 3.9 and 3.10 respectively.

3.4.1 Soil Structure of coarse grained soil *~

(a) Single grain structure: The primary structure of a coarse
soil is typically single grained. Individual particles may assume

relatively stable or unstable positions according to their mode of

deposition. The dense configuration occurs in deposits built in

an active water environment. Loose deposits are typically

formed in quict water or may result when a dense deposit is

digturbed, by landslides, for example.

(b) Honeycomb structure: Very fine sand and silt may assume a
honeycomb ~ configuration of very open structure. If the
gravitational forces during deposition of these materials are not

sufficient to overcome inter particle attractive forces this
etructure results. The term mefastable is somefimes used 1o
~ describe this condition because of its inherent sensitivity fo even .
' the most minor disturbance. Soil deposits of this nature often
appear to be firm and strong but become wet and unworkable

_as the excavation process breaks down the primary structure.

Scanned by CamScanner.
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Fig. 3.9 Soil Structures of coarse grained soils; (a) Single grained;
(b) Honeycomb (after Schroeder and Dickenson, 1996)

3.4.2 Soail structure of clay soils v

Clay soil exhibit a structure very strongly influenced by the -
chemical environment existing during deposition ard by stress

history thereafter.

(a) Dispersed structure: Clay soil particles deposited as sediment
| " in fresh water repel one another as they settle because of the
~like electrostatic surface charge they carry. In the resulting
‘sediment the particles align themselves in a fece to ‘fdce.";}i

- arrangzment, called dispersed sTruc‘rure‘," Fig 3.10a, as -‘fhe_‘.__'_;
"*repulsive' forces from Their_" surface charges come to an

 equillbrium.
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Packets or Peds: Some clay may exist in randomly arranged
packets cr peds, like these shown in Fig. 3.10c, which individually

are made up of highly oriented individual particles.

; Clay Prarnticke
— % e

= leweor dhuast A
fal D}SPWQA C

— . - ;— Clay larticle )
/ AN e
/ o

05"

. ”;_—— — Clay Panticle
e, | /,—*’ c’;”’%‘-\\/— Shk et .
e . Packet (I'cdj
W
7 ~ -~ *
r —————

/7 ~N\-\"‘“"-:-/ % = e
{ //{ NN\ %/~'§,«=Q

310 Structures of clay soils; (a) Dispersed; (b) Flocculated and

(c) Packet or Ped (after Schroeder and Dickenson, 1996)
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3.4.3 Fabric of Sail¥”™
ric is used 1"% define the
micr% fabric refers

arrangement of fhe
to those particle

; i study. This
ptical microscope for yaeir =" ! e
macro fabric refers

d voids that can be
te fabric of

The term fab

particles. The term

arrangements that require an o
is similar in sense to structure of soil. Whereas,

to features such as stratification, fissures _an i
observed by ncked eye. Micro and macro fabrics constitd

soil, the special term used for the clay soil.

3.4.4 Shape of the particles «

The behaviour of coarse grained soil is greatly influenced by the shape
of the particles. However, despite of its importance, the shape of the
particle has not been qualified as the criteria of classification and

usually a qualitative description is given on the basis of visual
classification. The particle shape can generally be divided into three

major categories:
e Bulky = 37r Limens! oMLt
e Flaky — 2% dimensioru prowiment -
e Needle shaped — Wt diment promunent

Bulky particles are mostly formed by mechanical wecthering of rock
and minerals. The shapes of the bulky particles are usually described

by the geologist as angular, subangular, subrounded and

_rounded depending on the roundness of a particle. Typical shapes of
the bylky particles are shown in Fig. 3.11.

Roundod

: Subangular
/
Nl
Angular . -

Subrounded

Fig. 3.11 Shapes of coarse grained soil particles (Lancellottal995)

I8,
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e angularity of q bulky particle, A is defined as

I / \ / v l I.' / l

ol o =
" Radins of |
adius of the maxinum inseribed sphere

#Th o
wss or ShEI"ICITLOf a particle is defined as the ratio of
minimum radius of the particle edges to the inscribed radius of the

entire particle,

o ” Sl IZ); (3.1b)
Where, -

D'e = equivalent diameter of the particle = {F‘%

V = volume of particle SR

length of particle = Mmoot dimens.

. =
©
1

Flaky particles have very low sphericity, usually 0.01 or less. These

" particlés are predominantly clay minerals.

Needle shaped particles are much less common than the other two
types of particles. Coral deposits and attapulgate clays are fthe

examples of needle shaped particles.
o

Soil Classification and Classification Tesis

3.5
For engineering purposes, soils are frequently classified into groups
according to their suitability of use for a particular purpose. However,
as the natural soils are infinitely varied, they do not lend themselves
to separation into distinct categories. As a result, various arbitrary
systems of classification have been evolved, each with a certain

advantages and disadvantages for a parficular purpose.

(4

Two most common classification systems are Unifie

Classification System, used for general engineering purposes, and
the AASHTQ system, developed by the American Association of

Soil

"‘b()_
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State Highway and Transportation Officials and often used fm'" .so!lz’ in
highway and airport pavement design. Another class:fuca‘r:on
system is the textural classification mainly designed to describe the
appearance of the soil depending on the grain size of the soi! particles.
However, this is no longer in use for engineering purposes.

“_"E\H these classification systems use the results ¢f some basic
tests of soil materials. These tests are known as the
classification Tg_s_j_gg”“/['[he numerical results of these

classification tests are often termed as index propertics of

soil, as because these values may be used to indicate the engineering

properties of soil:[ The two most important types of classification

tests are: '

i Grain_size analysis including sieve and sedimentation
analyses to measure the grain sizes. = ~or¢ esonse ‘g raingof

e Consistency tests or Atterberg's limits tests to measure
- aaii .
the soil types. It usually measures the cordition or

stiffness of soil due to water, = Jore fine %ua‘wwk so1l

3.5.1 Grain size analysis «—

S : ; - 8
Grain sizes in soil samples are found by means of two tests. The_sicve
analysis is wused for coarser materials and l’ydrgrzf%e‘rer

(sedimentation) test is used for finer soils. If significant quantities
of both coarse and fine grained soils are in the sample, the results of
both the test will have to combine to get the grain sizes in the sample.

1) |
/En sigve analysis a set of sieves of various opening sizes is stacked, the

ieves of largest opening size being at the top with a lid and smallest

at the bottom with a pan, in order of the sizes, Fig. 3.12. Standard

sieves are sized according to the space between each pair of mesh.
Sizes of the opening are usually expressed in number, meaning that as

many number as openings are there per linear inch of the wire mesh.

This includes clear opening and the thickness of the wire. As such, as

e
-30-
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the number increases, the opening size decreases. A number 4 sieve
(Opening 475 mm) if_gomly_gsgd_thg_uppgn_mosf sieve size,
whereas number 200 sieve (opening 0,075 mm) is the smallest in
w‘f‘here—ﬁﬁa also some other sizes of sieves beyond these size® 4o mns

limits. In the current practice, sieves are usually termed according to forts 35":'1"‘(
the opening in millimetres that correspond to various sieve sizes. M“af-
A known weight of dry powdered soil sample is placed on the top sieve @ Wwoodon

and the sieves are shaken to separate the grains according to size. The  hammax wwr
mass retained in each sieve is then determined. The percent retained - M@()
Qn_each_sieve, cumulative percent retained and hence the percent sl el
passing each sieve are calculated. A grain size distribution curve of Py
sieve opening versus percent passing (often called percent finer) is ’
plotted in a semi logarithmic graph paper to classify the soil sample. , Classifieation )
v i’ Welt ¢ roclad

20 Uiifor e

> ' TS
5% ) .. g 5' lf'-':‘-{’ n
; ‘. ‘. I

Fig. 3.12 Sieve Analysis; (a) Set of
sieves with sieve shaker; (b)
Individual sieves '

(a
L effecthve quarm 5?56_, = 1t wo +C\.L Sz c:f\ o partels
(b ) from wid el 1Y woteual Ts -_fing_y-( .
- ) i : = i
; 5 = i g . dordal 6 , |
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3 D - - — Gov. i o |
z ‘Ob = 0, = 20 grasder wove 43 spresd T f:rll'“'-*r
a, = Peo, m\l&mmﬂa coeffidul- jcm et W e cﬁf :fiiuui
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%)/[_Sredi‘men‘raﬁon analysis is used to find the size of the smaller grains,
m& of sedimentation analysis is_hydrometer tesf. The
rate at which particles settle in a fluid media is used as an indica‘ror.of
their size, in a hydrometer analysis. This is given by Stoke's law th.Ch
states that particles in q suspension settle out at a rate that varies

' “j'-
oy Hedon. AT ;
doogm samp- (rome

2 ahr dn TIG
mam 5awrlL (z\-d“|

With their size, A hydrometer is used fo measure the density of the
water soil Suspension at times intervals as the grains settle, The size
of the particle that has seftled along the centre of the hydrometer
bulb can be calculated, and the density indicated the percentage of
sample still in the suspension. Fig, 3.13 shows the depth of the centre
of hydrometer changing as particles settle out over a period of fime.

In the fest procedure a known amount of powdered soil sample of finer

soils (usually passing no. 200 sieve) is mixed with water of known
femperature to form a suspension. The density of thz suspension is
determined using the hydrometer at different time intervals,

O, 12 RN

& W 2oo frer paving g3
B ') retained,

Siewe 53\'{\3@’ ’f‘l-\\

: 18 el , decimal - A3 7O
0 T 1 0 _11 l $/2 4@ AR

« D= [_20 '_‘-:_ ol [ 4 i
G Nt pal [sel 53 QR 48

A

|
|
|
|
i
|
1
l

Start ‘ 4 n ty A

Time lrom start of test

v IBA

@ Cunmialdive % veckaiad —
»efic 2 Kaovnror sieve

i 2R N{A 3D

¢ Fig. 3.13 Changes of the centre of hydrometer guring
sedimentation analysis (after Atkins, 1997}

The following formulas are derived as using Stoke's law to determine

the particle diameter and percent finer. The particle diumeter, d and
percent finer is given by

\ O
retodn AR |

/ Su bz !
| {=| —C2 _|2 i b
c Ly,,.(G,—l) x( ; J (3.2)
r= = Lol = €O gm
" oy B0 = codain amownt (alwest
5 : o R A . lun gm)
! No. Hwyndafkosp‘f@lu ol
—88
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Where, o A0gm s fiwc

Gs

specific gravity of soil solids

tw = unit weight of water in kN/m*

Hw = viscosity of water in N-sec/m°

Z- = maximum distance of travel of a soil particle in cm
T = time of fall in min.

The percent of particles finer than the particle diameter given by eq.
(3.2) can be calculated as

G.r.VR, ¢ 5
= - g (.).-’ )
oG, = 1)w
Where,
N = percent finer
Ry, = hydrometer reading
w = weight of fine soil fraction mixed with water
U = volume of suspension

The units should be consistent in eq. (3.3). Thus for each hydrometer.,
R, a set of values for particle diameter, d and percent finer, N can be
obtained. A similar grain size distribution curve of particle diameter
versus’ percent finer may be obtained using these data, A combined
grain size distribution curve may also be drawn using the data of sieve
analysis and hydrometer analysis. Typical grain size distribution curves
for different types of soils are shown in Fig. 3.14. The following
terminologies in relation to grain size distribution curve are used to
describe and classify the soil.

ﬁﬁ/wi A Soili'composed of mainly of one size
particles is called uniform or poarly graded soil. The curve Jies
within a narrow range, Fig. 3.14I, When a grain size distribution curve
is spread over a wide range, it means to contain all sizes of the grains
in the sample. Usually the curve of this type of soil is 'S' shaped and
the soil is known as w_?._”_g,é_d_ad, Fig. 3.14II. The third type of soil is :
a mixture of only large and small size particles with some of the
intermediate sizes missing is i@@gﬁ, Fig.3.14ITT. The soil types
are illustrated in Fig. 3.15. St

sy .
-3 Ve
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(i) .Effective size: is the grain size corresponding to 10 percent
of the passing by weight that is 10 percent of the materials are
smaller than effective size. Effective size is termed by Dig.

Uﬁ')/(:oe.fficien‘r of curvature, C;: The spread of the grain size
Tl . o —
distribution curve is expressed by this paramefer as

C‘V o= (D.m)- (34)
’ l)()() X l)“) . )

Where, Dy, is the diameter corresponding fo 30 percent finer. A
coarse yrained soil is considered well graded if the coefficient of
curvature, C; is between 1 and 3 and C, is greater than 4 for

ravels and 6 for sands.
gw)/;orﬁng coefficient of curvature, Sy: This is another

parameter to measure uniformity and is generally used by the
geologist. The use of sorting coefficient is not frequent in

geotechnical engineering.

¢ = D75
g T l):j ) (35}

The definition of the sizes of the particles is illustrated in Fig. 3.10.
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3.5.2 Atterberg's limits ¥~

The behaviour fine grained cohesive soil depends .on ITs
mineral composition, water confent, degree of saturation and
structure. In particular, the water content has always been
considered an important and reliable indication of the behaviour of’
cohesive soils since the beginning of soil mechanics (Lancellotta, 1995).

Swedish soil scientist Atterberg, in the early 19007, first
identified that a gradual decrease in water content of a clay soil slurry

causes the soil Jo pas through four states or conditions
: .. ; %b). : glp .
(consistency): liquid, plastic, semi-solid and solid.

(2 Liguid state is the condition of a fine grained soil at which the soil

will flow on its own weight.

Ciq ur dl Una &

(2 The plastic state is that condition at which the soil can be
remoulded to any shape without any development of cracks.

Plasthe. Lnut .

Semi-solid is the condition at which the soil can remoulded but only

with the development of cracks,
hrel it

< \ka;ag (0
@ At solid state the soil cannot be remoulded at all; if done the soil
specimen would get broken, '

&\ﬂc\rberg alse identified three limiting water content<, in between

the soil states, that are commonly known as Atte-bery's Iimi'rsj'G/
However, their potential use in soil mechanics was first indicated by
Terzaghi (1925). The upper and lower limits of water content wi&in
which a c‘:lgz) eleraent exhibits plastic behaviour are cef ned as y_qg)lg_
and plasti€ “limits respectively. Similarly, the li@iﬁng water content
between semi-soilid and soilid states is the shrinkage iir.it.

The liquid limit (w, or LL), is the w-a’rer content at the transition of
liquid state to plastic state, whereby it gains a certair small shearing
strength. A study by Youssef et. al. (1965) on clays over The range of

30 - 200% indicates that the range of undrained shear sirength at
Fquid limit is from 1.3 to 2.4 kPa with an average valve of 1.7 kPa.

-30-
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The plastic_limif (we or PL) is the minimum moisture content af which
the soil can be deformed plastically. As standardized, it can be taken
as the smallest water content at which the soil begins to crumble when
rolled out into thin threads, approximately 3 mm in diameter. That is
at plastic limit the soil must gain some minimum stiffness or strength.
According to Skempton and Northey (1953) the shear strength at
plastic limit is about 100 times that at liquid limit. As such, 170
kPa shear strength may be considered as the requisite strength of

the soil at plastic limit

The shrinkage limit (ws or SL) is the smallest water content below
which a soil sample will not reduce its volume any, that is, it will not
shrink any further with further drying. An illustration of the states

and limits of the socils are shown in Fig. 3.17
ve sheare sheengHe
Condition T Solid T Semi-solid 1 Plastic T Liquid

Water content ws wp Wi
Decreasing walter content ; o A.d:&ﬂ—;ﬁ’
'_, 2 arava (imxt :
#4— 4TS \,/;}}(“’Z. @ sf’cﬂm\ha\m.a.%
. - . : W R -~ - i
H10— 2 mm Fi6. 3.17 States and limits of fine grained soil i

F40 " 425 rm s drted. ?h‘H\,L'ngt:t,

3.5.2[1 *Determination of liquid limit mot in thor oven
# gov —0°07¢ rrym = 1 2. r'w,'L*“J) R L

Liquid limit of a soil can be determined by using either of the two wesdn Varwr,
methods; _;@ssagrande's method and Cone penetration methad

(/Q Cassagrande's Method <~
Z

Cassagrande (1932) developed a standard device for the determination
of liquid limit suggesting that at the water content of liquid limit a clay
soil has a shearing strength of approximately 2.5 kPa, The device
consists of a metal cup seated onto a hard rubber base end fixed to q
crank shaft arrangement with a handle, so that the cup can be
alternately raised and dropped.
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The soil is first dried sufficiently to be broken up by a mortdr and -/t o
; . ; : wust HITG
pestle. It is then sieved using-a 423 pm (No. 4Q) sieve and (a

materials passing are taken for the limit tests. The soil sample 73\
is mixed thoroughly with water into a smooth thick paste, and stored in
. an air tfight contained for 24 hours to allow the water to miX
thoroughly with all the soil grains. At the time of testing, the soil is
remixed and portion of it placed in the metal cup. The soil paste Is
leveled off in the cup to give a maximum depth of 8 mm. A
groove is formed in the soil along the mid section of the cup, using a

standard grooving tool.

The handle is turned at two revolutions per seconds and the number of
blows (drops of the cup) is counted until the two parts of the soil
come in continuous contact at the bottom of the groove along
a distance of about 12 mm. A sample is taken from the closed

¢
portion of the groove for moisture content determination. The
remaining soil 1s removed from the cup to mix with the original paste
adding further water, and the test is repeated for several times. The
number of blows and moisture confent in each trial are recorded. It is

desirable to have the fests in the blow range of 15 to 35. The

liquid limit, according to this method, is defined as the moisture
content at which 25 blows are required to close the groove. A
schematic diagram of Cassagrande’s apparatus is shown in Fig. 3.18.

A semilog plot of the points IS obtained with number-of blows as
abscissa in logarithmic scale, as against moisture content in linear
scale. A best fiﬂing straight line is drawn which is termed as flow
curve, Fig. 3.19. ﬁhe moisture content corresponding to 25 blows is
read from the flow curve as the liquid limit of soil. The slope of the
flow curve is termed as flow index,;f_dnd may be expressed as

——
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Dﬂﬂ_?zg(l%l) suggested that flow curves plotted on a deuble log scale

should give parallel straight lines represented by the following general
equation

17 ' -
= Vi) V

W = moisture confent in percent at n blows. The value of
exponentfefis suggested as 0.10 0.10 by Kapre and Kulkarni (1972). Equation

(3.6) is commonly known as the one point method of determining the

liquid limit by Cassagrande's apparatus, Nagaraj and Jayadeva (1981)

proposed an alternative relation for one point method of aetermining
liquid hml’r According to them,

Where,

13%

w, = ' 9o

1.3215-0.23logn 13.6b)
_ Flow 'mdﬂx(IF
Where, W = moisture confent in percent at blows n, ranging in /T
between 15 to 35: .
! : .5'0?(_0':? 'L{l _-f?m)
- W, — W,
= 1 T 11rrT] I S U”‘*“lj;ﬂ'g:{%;r
A7 S -
res) 49— 4 = -:FL% )
. 48— | = d
%L‘A %> 47— WL - =
46}— Y =3
' ‘
P U I U O TS I S T I
2454 t '
1 2 3 45 10 20420 50 .

Blow counts (n)

»Fig. 3.19 Determination of liquid limit from flew curve (after
Lancellotta, 1995) L
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Cone penetromet " ‘
(/g) er method = cone. st be doucl, d at He conten

The cone penefrometer apparatus mainly consists of a stainless steel L
cone 35 mm long with an apex angle of 30° and having a mass we. otz
including its connecting shaft of 80 gms (0.78 N). The cone is +
mounted on a stand which will allow it to be dropped and then held in / i
position while its vertical movement is measured. The assembly is T
mounted on a stand having a base, locking device, dial gauge and other

adjustment scrzws. A cylindrical metal cup, approximately 95 mm in

diameter and 40 mm deep is used to contain the test soil sample.

The preparation of soil sample is similar to that of Cassagrande’s
method. The soil paste is filled in the metal cup and the top surface is
struck off leve!, After placing the cup on the base of the stand (Fig.
3.20), the cone is lowered to just touch the surface of the soil paste.

The dial gauge is then set and the reading noted. The cone IS

released to penetrate the soil paste for 5 seconds and relocked
in its new position, The second dial gauge reading is then taken. The
difference between the first and the second dial gauge readings gives
the amount of cone penetration. A small portion of soil is taken from
the cup for moisture content determination.

The soil paste is taken out from the cup, remixed with the original
sample paste adding further water. Thus the penetration and moisture
content fest precedures are repeated several fimes. A plot is drawn of
cone penefration against moisture content. The liquid limit of the soil
is taken as the water content corresponding toa pcne'rra‘rion of
20 mm. A typical plot is presented in Fig. 3.21. Nagara} and Jayadeva

(1981) also propesed for cone penetration method an expression for
determining liguic limit as:

W |
W, = oo ‘ g
L7 0.65+0.0175D | (37)
where, ‘ Wl Vo
‘w = moisture confent corresponding fo penetration D

(ranging in between 16 fo 26 mm.)
o 1
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3.9.2.2 Determination of Plastic Limit “

The -preparation of soil sample is similar to that of liguid limit.

Approximately 20 gms of the soil paste is moulded in the hanc
until it dries sufficiently for slight cracks to appear. The sample is
then divided into two approximately equal portions anc these d:’vi_:icd
into four sub-samples. One of the sub-samples is taken and rolled into

a ball, and then rolled on a glass sheet fo form a thread of soil, Fig.
3.22. The rolling, using the palm and fingers with light pressure, is
continued until the diameter of the fread reaches

approximately 3 mm. The soil is again reformed into a ball: the
action of handling the soil has the effect of drying it. 17 is then re-
rolled on the glass sheet until the thread starts fo crumblz just as The
diameter reached approximately 3 mm. At this stage the thread
fragments are taken into an air tight container.

The process is repeated for the other three sud-samples and the
thread fragmeris are collected in the same container, and their
combined water content determined. The procedure is also repeated
for other half portion of the original sample and moisture cantent is

also determined. The average of the fwo water contents is reported cs . i ,_,,\@—13
the plastic limit, w-. QQ\" *
» crumble @,
vot creacked

L

—a.2mm @.,q vy

Fig. 3.22 Determination of plastic limit (affer Lancellctte, 1995)

g Mrofh f:@d W.ocd (1978) suggested a method of determining the
plastic limit using cone penetration apparaius, as used fer liquid limit,
This can be done by using a cone of similar geometry but with ¢ mass

43-
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Ta .3 Typical values of liquid and plastic limits(after Atkins, 1997)
R -
Soil Liquid limit, w, Plast:c limit, wp | L e4m 71_
. — e . wp 7L
Silt clay mixture 25-40 20-30 d:a Lol _—y
= : mmasm B LS |
) Kaolinite clay 40-70 _ 20-40 Pane seil e "W
Montmorillonite clay 300-600 100-200 fow
Plasticity index is sometimes used fo describe the soils. Table 3.4
gives a descrlpflon of soils in terms of plasticity shows its relation
with dry strength. The relevant field tests for the soils are also
mentioned in the Table.
Table'3.4 Plasticity of soils (af fer Atkins, 1997)
Plasticity | Term used Dry strength Field test
index, Ip | for the soil '
0-3 Nonplastic Very low Grains fail apart easily |
4-6 Sligh’r.ly o Easily .crushzd by
plastic fingers 1
Moderately Low to Slight pressure |
7-15 . y ;
plastic medium ___required to crush
16 - 35 Plastic | Medium to high Difficult to crush
Over 35 ngh!y High Impossible to crush
plastic ~ with fingers
Ty &

&U"l' ALJ(M JJU'Y‘ = Uy PlaJSmc A (L) ;JJ-vgfrr)j"
[The current state of a soil, in terms of Afferberg hmns, e, ¥
50 nor -plarna

defined by the liquidity index (I or LI) which can be expressed asj , .
1S Hhe berT T

I/, = Wy =W, W, =W, ’fU‘J.TD)ﬂ}CHﬁ o
. /’ \
! (3.9) e-%. (Sandl )

W, =W, I

Soft soils have liquidity index near to unity, whereas, stiff clays may
have vaJues near to zero. Quick clays have a liquidity index greater
than 1.0.

[Tg_ug_rmmax__h is defined as the ratio of plasticity index (I;) to

the flow index (If). That is,

. i L -w
9) Comitanest Indiw o 0 = — M I4 al be P1
’)/ o y T, s €L T = elso  can é ><:.L
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%=& (3.10)

Ie
The shear strength of a fine grained soil at water content near"fo
plastic limit is a measure of its toughness. Toughness of two fine
grained soils with same plasticity index is inversely proportional 1o
the flow indices. For clay, foughness index is usually less than 3

The presence of even small amounts of certain clay mineral may have
significant effect on the properties of the soil. An indirect method of
obtaining information on the type and effect of clay mineral in a soil is
to relate plasticity to the quantity of clay size particles. This is
defined by the term activity, which is the ratio of plosticity index fo
the percentage of clay sizes material in the soil. Thus,

Plasticity Index, I,

Activity, A,. =
i Yoof claysize particles (2 0.002nim) (3.11)

Activity of a soil qualitatively signifies the behaviour of the soil as
active, norinal or inactive. For example, clay with kaolinite (a
stable clay mineral) will have a low activity value
(approximately 0.4). Whereas, clay with montmorillonite
(expansive clay mineral) will have a high activity valuz (may be
even 7.0). A relative activity classification is shown in Table 3.4,

Table 3.4 Activity classification of soi's

Activity, Ac Classification | Probable ;:l}i_y ‘mineral |
<0.75 Tnactive 7 Kaclinite
0.76 - 1.25 Normal Kaclinite and Illite
> 1.2D active l Mon‘r.rr_\-o_r"inll_oﬁ-ia“_"\
l;j‘ a o lfj'lso% _ ‘ R .
HABSE0 @ﬁk%bambe‘rerminaﬂon of shrinkage limit * o %W H‘p cmﬁg\\:\f
; 4 Oueaiety o goil o its wr" Vo
sail solid,

‘s dmowN. OF which shrinkage limit and linear shrinkage tests are most

common. The apparatus determining the shrinkage limit mainly consists
' =10-

The shrinkage characteristics of a soil can be estimatec in many ways."fhpﬂ;fm '1'
\V\a .
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OT a s‘ramless. steel or porcelain shrinkage dish, a mercury cup and @
glass plate with prongs. Fig 3.24 shows a schematic diagram of the
apparatus for determination of shrinkage limit. - 4

Dry soil &505
Shrinkago f} so! . AJ’{D\. ""6 b)

Slass plato 75 x 75 x 3

— ™
A / \fo[, b 5,_
s ' : e L
. Dish —3 e )
, VOL."\
Before shrinkage - Alter shrinkage ML .
Mcrciury Glass plato
30 pltch clrcle dia. with prongs
Ground surlace

of top of glass cup

% Dry saoll pat
/IIIIIIIIIIIIIIII L
PP TII I .

Brass pin sccured tirmly
-3¢ —
3
lag by
IR _LIS

Glass plate with prongs
All dimensions are in millimetres

%

Oblalning displaced mercury

Mercury displaced
by soil pat

Fig 3.24 Determination shrinkage limit (after Venkatramaiah, 2006)

Soil sample passing 425 pm sieve is mixed with water to form a creamy
paste which is filled in shrinkage dish in level with the rim. The weight
of the soil paste is taken. It is dried gradually first in air and then in
oven to form a soil pat. The dry weight of the soil pat is taken and
volume is determined by displacement of mercury using mercury cup

and glass plate. Phase diagrams of drying stages are shown in Fig. 3.25.
Volume Shrinked (mln"w@ 2 AFX voud Hy T L i "4" L
(Vi-Va) Oor ol IS

32 et wkase
(GOATL  shunkas
YW S

Y

Wi

1

(a) Soil slurry (b) Soil at shrinkage limit (c) Dry sail pat
Fig. 3.25 Phase diagrams of the soil sample at [different stages of

shrinkage limit test

AT 2
Al shoiendeing Vel ol be dtomrimed fox
trragalan afe =7 So we Dt sebnys

ﬂté N some %u.:la{::} 'I.ou’H\u cane. HE&CUR:{ 4
: n wed

A



B deove He St —fm bo-Hn%J—W“?

J/'Ic'..t:fcfur)lwrf\
/-N {'SL\;W?“'CL = 503501, D*—fm‘h X & ViIse v A
_:///{ wd
. 4 Ly
Therefore, S s 5L wh betten,

L

v - I r ’ A red [
LSIII'lHkageLimil,}V, or SL = Weight ofH ater at Shrinkage Limi
’ Weight of Soil Solid

" (3.13)
("d"'u,.)}’w_ Fp® 43

Linear shrinkage test «—

Dia= g L-u%-ﬂ-\ = [40mm

The linear shrinkage is a measure of degree of decrease of a
soil sample in one dimension. The apparatus, Fig. 3.26, mainly
consists of a brass mould having a length, Ly, and semi-circular cross
section, where the soil paste (slurry) is placed taking care not to
entrap air. The surface of the soil paste struck off level. Similar to
that of shrinkage limit test, the sample is initially dried in air until it
shrunklear of the mould and then placed it in an oven to complete the

drying. After cooling, the length of the sample, Ly is measured and the
linear shrinkage is obtained as follows:

/- I‘I.IZCII length < 100
- nitial length

3.14
Lo—1 _ (3.19)

| M PV T/ R e

1111

For soils with very small clay content the liquid and plastic limits may

not produce reliable results. An approximation of the plasticity index

may be obtained by measuring the linear shrinkage and usmg the
following expression (Whtﬂow 1996)

]

Linear Shrinkage, LS(%)
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sermi-circular
cross-section
12.5 mm fadhus

7

’ s

. Pig’3.26 Linear shrinkage apparatus (after Whitlow, 1996)

Tobféﬁ Swelling against shrinkage limit and linear shrinkage
e Ly camdng in

2 et —

Shrinkage Linear % Colloids | Liquid | Plasticity Swelling— "
o : s . ;o < am-{-act'
limit, ws | shrinkage, LS | (<0.001 pm) | limit, w, index, Ip potential Lo, Wod
> 15 0-5 <5 | <39 | <18 | Low | uwen vt
0-16 | ., | 13-23 |39-50| 15-28 | Medm | changeh
7-12 20-31 |50-63| 25-41 | High
<11 >8 > 28 >63 >35 | Very High
39#5./2.4 Use and significance of consistency limits and
indices ( o
= (T

The consistency tests are usually done on remoulded soils. However
the shrinkage limit can also be obtained for the undisturbed sample.
Since the actual behavior of a soil depends upen its natural
structure, the consistency limits do not give compleie information
about the in-situ soils. They give at best a rough estimate about the

behavior or in-situ soils.

Although it is not possible to interpret the consistency limits and
other plasticity characteristics in fundamental terrs, yet these
parameters are of greaf practical use as index properties of fine-
grained soils. The engineering properties of such soils can be
empirically related to these index properties as under.

(i) It has been found that both the liguid and plastic limit
-50-
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4  Unified Soil Classification System (USCS)
; AASHTO Soil Classification System.
Unified soil classification system is used to classify the soils
that are encountered in foundations design. AA_SHTO
classification is used for the soils in road or airport
construction.

: Lett
3.6.1 Unified soil classification system=> Exfwbwl by Two w B

~ Firnt moun
4In Unified soil classi.‘ficaﬂon system, .sc3i| is basically classified into L gg‘!ecl{vg_
wo groups: Coarse grained and fine grained, However, two other 3
additional groups are also included though not precise enough in 6'3‘“"-“-’3““"‘(

L

classification criteria: they are organic and peat soils, G‘EZ‘L‘)
The basis of Unified soil classification is that coarse grained soils are andl :ﬁ ‘
classified aécording to their grain size characteristics, whereas, the Pl‘EG.HL) e
fine grained are to their plasticity characteristics. i
If a soil mass contains-more than 50 percent of tne materials Grael — Gy
coarser than 0.75 um (that is retained on No. 260 sieve), then Sard. — 5

St — M

the whole of the soil mass is to be known as coarse grained
soil. Otherwise, it is fine grained. The coarse graned soils are um(‘]L_—c'
subdivided into gravel and sand. If 50 percent or more ¢f vhe coarser

portion (retained on No. 200 sieve) retains on No. 4 sicve (opening =

4.75 mm), then the whole of the soil mass has the basic name Gravel,

Otherwise, it is sand. To be more precise, either tae grain size
characteristics or the plasticity properties of the soils passing No. 40-

sieve (opening = 0.425 um) are considered and used as a qualifier.

The fine grained soils are subdivided into silt and clay depending on

the plasticity characteristics of the portion passing No. 40 sieve. They

are further qualified by their degree of compressibility (plasticity).
-50- |
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Fig. 3.31 Continued: Unified soil classification system Flowchart (after Ishibashi & Hazarika, 2011),
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Fig. 3.32 Plasticity chart for Unified soil classificati stem (Atkins, 1997).
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The group:index is used to further evaluate soils within a group. The graup index
is based on the service performance of many soils, especially while used as
pavement subgrades. Group index is a function of liquid limit and plasticrty index,

and given by _
' . % A
Group Index, » alw whole numbor can't be —ves '-F =Y A caﬂb?cl.e)ua(

-~ ~ '] -« = 3.]6
BNLLGl = (7= 35)[0.2+ 0.005(w, = 40)]+0.01(° = 15)(1, = 10), (B16) " ur =0
g T D fon AACL A-x-F i
Where, Nmmn[h& GI= 0-20 Per A i

F = percent passing No. 200 sieve (i.e. finer than 0.075 um) _

we = liquid limit (%) 'c‘d-a San
] fomtl . 1 #m>95-g—ﬂ\mmphb+1o
Ip plasticity index (%) f 2 s wsed oQ:_m’CL%.

70

60 TR - _——
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Fig. 3.35 Plasticity chart for AASHTO soil classification (afTér Daé 2004) S
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/  7.3.3 Stresses on planes passing ‘rhrough a _point and Mohrs
circle =

According to basic principles of mechanics, in general, both normal and
shear stresses act on planes passing through a point that has been
subjected to external loading. These stresses may be represented
graphically by an extremely useful device known as Mohr's circle of stress.
The device is based on a unique point on a circle called the pole or_origin
of planes. This point has such a useful property fha:E any straight line
drawn through this point (pole) will intersect the circle at a point which
represents the state of stress on a planc inclined at the same the
orientation in the space of the Imchccordmg to this Pole method,
atleast two lihes from known points of stresses on Mohr's circle parallel o
the corresponding planes on which they act are drawn to intersect a point
on the circle which is the pole. Once the pole is known the stresses on any
plane can be found simply by drawing a line from the pole parallel to that
plane; the coordinates of the point of inferscction with the Mohr's circle
determine the stresses on that plane. Mohr's circle in soil mechanics
follows certain sign convention for simplicity. %, @® 62’21 sole ahould be somZ

i bof-
s ss |3 - - A% 50!L mas e
v-%. The compressive stress is considered az E?..lmv ’f""‘ o widie
* The counter-clockwise shcan stress ic pesitive g/ e J&Wﬁ,
The horizontal and vertical coordinates represents normal and shear

stresses respectively. For example, in Fig. 7.3a the normal and shear
stresses are acting on the planes of a recangular element. Let us assume
that 64> og. In Fig. 7.3b the method fo determine pole is preéen#ed.‘ A e
line is drawn from the known point Pa(ca;t) of Mohr's circle parallel to the
plane A (Fig. 7.3a) on which these stresses act. Similarly another line ‘;
from the other known point Pg(ce,t) is drawn parallel to their plane B on i
which the stresses of coordinate point P act. It is a geometrical truth 7
that these two lines will intersect at a point P on the circumference of =
the circleas fhzse two lines are perpendicular to each other and line P,\Pg
is the diameter of the Mohr's circle. Now, let us consider a plane on the
~element (Fig. 7.3a) making an angle « with the horizontal. If a line is drawn
‘parallel to this plane from the Pole point P to intersect the cwcumference
of the Mohr's circle a point Py , the coordinates of Po ( say GaTa ) Wll
represen’r ’rhe si’r‘esses acmg on the plane in question. - -
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{he stress 7rat failure (rupture) plane is called the shear strength of the
material. of is the normal stress on the failure plane. Fig. 7.4 s.hows ’r-he
relationship as expressed by Eq. (7.2) and the element at failure with
principal stresses causing the failure.

Plane A Pe(C 5.0)

(©an) \ /
‘(c T, | o0 N FalTnis) |
——* \/, ‘/k—— g * b * O
b L fa o the, Holue_
/\ w‘/ \kc‘?-Gr(cJ.e.
Plane B | Pole,P '
|

Palo17)
(a) B (b)

X ircle.
i 5 lement: (b) Lllustration of Pole method of M\ohr‘ circle.
Fig. 7.3 (a) Stresses on aneler (b) I b ik ",Om‘(“u(O (e etvarnas

« ' - i v
| c & one al’ﬂf)w =I0C
? il | Moy o

—_——

[2] (I\?” 0) ) LSD’CD / g\ éfv\_a__lwi }(
£ “

ﬂ) o~ — V papss——— G; i_!j—}__o’—-rt\-—

e 5 A\

‘ L Jac
v ot AB . ner/ =Y
— Y (T3 - JJTU-Q{ =
G v MA‘}% W | /1 2 b

e bo) (—
Fig. 7.4 (a) Mohr's failuré criteria: (b) Element at failure showing principal stresses (43 Jivolt

¢ doesit M:;m
hus if the principal stresses at failure can be estimated, a Mohr's circle :
e is st f st Similarly, several, ¥
can be constructed to represent this state ‘o & ress. Y. A
tests to failure at various combination of principal strsses would Ieac.i LIV
construct several Mohr's circle. Such a series-is plotted in Fig. 7.5. Since drels
the Mohr's circles are determined at failure, IT‘|tspos;|bIe ?.o coneru;f\ﬁR‘;W"?.‘
limiting or failure envelope of the shear stress. This envelope is called the 23|
Mohr's failure envelope which expresses the relationship between 1t and I~
o¢ as represented by Eq. (7.2) and Fig. 7.4(a). Tt is to be taken in to nof_ﬁﬁ"o’a

F that the failure envelope defined by Mohr (Eq. 7.3a) is a curved line. m@t‘

|

e e ki
| ‘ R LTy s od oo gn, o0 i
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~ where, ¢’and ¢’ are called effective sire
- stress parameters cand o respectively. u is
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Mohr circle lying below the envelope, shown as a dotted circle in Fig. 7.5.“‘0'(“_
represents a stable condition and the circle going above the falure .;Fm@-m
envelope cannot exjsts. Failure occurcs only when the combination of”(w‘;m\
normal and shear stresses is such that the Mohr's circle is tangent to the =3
Mohr's failure envelope. If this envelope is unique for a given material wabn Gfiy
then the point of tangency of the Mohr failure envelope defines the "”W
condition on the failurc planc. Using the Pole method, the angle of friction 'T
planc from the point of tangency of the Mohr corcle and the Mohr failure <
envelope. That is, Mohr's failure hypothesis states that the point of
fangency of the Mohr failure envelope with the Mohr circle ot failure
determines the inclination of the failure plane, |

Fig. 7.5 Mohr circle at failure and Mohr's failure envelope

Coulomb_(1776) was interested in the sliding friction charactersistics of
different materials and observed that there cxists both normal stress
independent and dependent components of shear strength. The normal
stress dependent component is similar to sliding friction in solid and that
he termed as angle of internal friction, @. The other component is related
to intrinsic cohesion of the material, ¢ Coulomb gives the following lincar
equation for shear strength of soil involving parameters pand ¢,

Eq. (7.3) is presented in terms of total stress, o on the failure plane. The

~ equation can be rewritten for effective stresses as follows.

pECtG-Wtanpscthottang gy

39 parameters as against total

thc POT‘C WQTQ("_ P‘f;CSSUI‘_C.b : e

R £ Bt e AN | e




J -.-l

LA ::\\ ‘ 3] (on.lul ""—”1
[ v el ML W
\‘ ,._,J"‘ O Lo Lo

{ ,
¥ 5 ]
o0 f L vy

4 ;
-

el t_-———-—\o'

ir simplicity and
widely been, used thiough out the world for ftheir tmzl::l‘r'z o
/ inexpensivencss, However, chgineering judgement and c>-:Fchcr‘|cn)rthJ“‘\/G .
" most important role to corrclate the results which depends on VP

\ 1' 51'.1 Gnd

the soil and also on the other factors. Thg common laboratory te

+heir salient fcafurc., re, d scribed below. | —r7— din 2.5 ,//J
-- f‘”i.«-' &= G“‘“J‘* i Lot = 12

. con o oHp
{ J ‘ xig‘;l '( { \ Lid,
\ A bop + ™ .
N D/r:i: i‘ anlzar 1'557“ \E%B o J,, l %}(”E’ it el
\J.\? Y '1
T’%  dircet shear test iz a .\lmplc cmd wldcly uzed tast for determing the (=

fm(l(.’_—

shear strength of soil. The dircet shear apparatus is essentially a L
rectangular or circular box with scparated lower and upper Falves. A -
schematic diagram of dircet shear apparatus is shown in Fig. 7.6. The

lower half of the box is fixed to a frame whercas, the upper section is

capable of moving horizontally relative to the lower onz. The soil sample

ois placed in the box, with approximately half of the sample within either
scction. The sample size is usually 60 mm square or 75 mm circular

havirg a 'l'hlcknc" in between 20 mm to 25 mm. In case of cohesive soil

prism of soil is cithet prepared or taken from the unclisturbed sample

using a cutter of similar dimension of shear box. Whereas, for
cohesionless soil, the specimen has to be prepared in the box itself at the
required void ratio. Porous disc may be placed on top and bottom of the
spceimen to facilitate the desired drainage condion, though seems very
difficult. A normal load is applied to the planc of shear via a loading plate

pleced over the sample (Fig. 7.6). The upper half of the shear box is then

moved laterally forcing the sample to shear across the plane between the

two halves of the box by controlling rates of strain or stress

In strain, controlled apparatus, the shearing deformation s
continuously applied at a constant speed and shear force is measurad
by means of a proving ring or a load transducer. Such a test can be
continuecd cven after the failure of the specimen. In stress controlled
apparatus, the magnitude of the shean stress is inepeaced unifermly
or in increments. In case of load | inerement, cach increment is applied and -
held constant until the shearing deformation ceases. A stress com‘mﬂcd
test can not be continued as soon as the specimen fails cmd as ‘such the

strain contr\o”ed preferred. Not only that a mcchumcally opcmfcd

SRR strain
_contrilled apparatus is sxmplc"‘r To devise. 3
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In direct shear test the test procedure iz repeated using atleast three
ldcnﬂc.cl specimen with variable normal stresses. It is sometimes
convenient to interpret the results, if the normal stresses are so choosen
that one is closer to the existing effective overburden and the one of
each of the other two on the cither side of the overburden. Usudlly. a
record of magnitude of the shearing force and the shear displacement is
maintained to obtain the peak shear strezz (feilure stress) from the shear
stress-strain plet for a pdrﬂcular‘ normal lcad. Changes in sample
thickness - that ocecurs during shearing cre dlzo recorded so that the
volume change versus shearing siress or chearing strain can be studied.

@A?’z‘ so1L mma be__ sometimun nonmal & somtdine () Shias box diew = 257
ovor eomsolidalid.  Normal Dial Gaupe 22l vnole oAt thned
Load To Measura ol isciaa dan iy
Dial gauge - Loading Piate Volume Change :,‘:ﬂ.,\, -
ﬁ} to Measure ) e
OE"" Y TITIETM ——— Shearing
- Ll Porous Stang f .
- 7 P IR R 7 Force. S
: ) HOU SPEEIER " 7.1 Shearing Piane
wWhelllsr Po;o.u;SI‘onc ‘\'-';'-',.'-'.‘-f':-ji
\ ORI S A AN
. . DL RS
Ly 'F"‘lhm"'m“l'fs‘ e Ns 'fr*xr?‘lf’{’ ﬂznjﬁih% EEE
Fid/7.6 A schematic di ¢ o dinect dheafs - Shepls from onigin
: schematic diagram of = dircct zhearfapparaius
s L= prupent laa ol

*) A por } sotl — 12 Notora ownolidated Soi Ba et
Test results o K Z Ovet c_l:dw;liw v -

a—f—dﬂﬁu a'n~/vz.‘-:?a—/ﬁ ',,1{—,,,—_,50_?{ chrge !
Typical shear stress displacement and vc'ume change displacement curves

for a single specimen (one normal load) or- zhzwii in Fig. 7.7. The slope of
the stress strain curve is known as m:Zulus of clasticity or tangent
modulus of elasticity of soil, £s Thiz weiuiuz varies directly with the
stiffness of a soil; the more its valuc, the more is the stiffness end
strength. The peak value of shear strecz e the maximum value at a
relatively higher shear deformation (ner=ally 2C per cent) gives shear
strength of the soil at a particular norm:’ l22: MNzrmal stress and shear
siress are thus estimated and plotted i a nermal stress shear stress
curve as shown in Fig. 7.7b. A best poze™'z ct7siznt line is fitted to the
observed point to represent the failure crveleze. The shear strength
parameters ¢’and @’is thus obtained fron: the pict. It is to be noted that
“usually we, get the drained strength par-meier: ‘rom direct shear test.

107
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. ene arameter
For granular soll as the coheslon [a zero the avallable strength |

would be only ¢/,
' : sity g ined by
The effeetive angle of friction for a particular density "'}Obh{{‘ hvc/

, . p " e G ¢e
plotting the maxumum value of shear stress v against [ out at
normal stress (Flg /7[3) Atleast three tes 1o are carried ou o

yorgin
different normal stresses and a straight line passing through ”T orig
' s &<
and the respective points defines the failure envelope fol sand zoil (a
c
0). The slope of the linc gwc.. the valuc of fp ?/ pical valuc.. of 02} arem
-+ pepit 2ol nificant; peak y VN y
ShOWh 'n Tab'c 71 e ’HM‘JU"‘IU“ b £ l'l“ ‘r‘tj:’}“ﬂ . »/ 11 ’n‘ !’\l! t (Y
Shear Stress, T / [l Lo vt no (eake A ‘e ,m M
u _-_.::uw b Vnm /‘ . fm" dﬂ’d*
e s / [+ Shff A 2 soft-
g:u“‘m) ‘&l‘(lx.:"e Shemr l"tf"“" * Fail ne Envelope
u 1
' ’
ﬂll"{llt \hJu" 4 / u’ T
g
S .luhlu’rnlm-l
S { -~ M
0 /:L‘ hear Straing,, ., " 0
—— o= Nommal st ess
¢ "= Effective coliesion
gllu.m Sulnu‘l’ Volume o' Lffective anple of @ Mwﬂf\i“’ﬂu—
MNEE curve ntemal fiiction [ C/uﬂ{)
Volume Change, -d1” -{ # . Q qud e
P ) o Dlsadvandago-

1 We ane not: a\v,

Fig. 7.7 Dircct shear test results; (a) Shear stress -shear strain-volumeiu. o'l

change diagram; (b) Failure envelope and strength paramcfcr'.}t fcﬂll ‘“Lh

Loone. -
Table 7.1 Typical values of effective angle of internal friction for f

granular soil (after Terzaghi and Peck, 1967)

Soil type Effcctive angle of internal
' friction, ¢’ (degrees)

" Loosc Dense
Nonplastic silt 27-30 30-34
Silty sand 27-33 30-35
Uniform sand 28 - ‘ 34
Well gradred sand 8§ 45
Sandy gravel L L v B0

b NOMD ot xS '
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Other observations y— sl
-

the sample. As sands and gravels are frce
they will shear under fully drained condit
depending on the rate at which the soil mass i
the field may fail either completely undrainc

pore water pressure), partially drained (zome -

water pressure) or fully drained (compl=te

water pressure). Although an attempt zould © - made to measure the

undrained strength by shearing a camnlc

beacause there is no control over the drcinage -

degree of uncertainty as to whether thiz rer

the undrained strength. For this reasen thz un.

clay soil is usually measured by the mere -oph
direct shear test may, however, be uzed *» m-
of clay soils by first consolidating the ~am;
normal load and then shearing the campls ot
ensure the fuul dissipation of pore witzr
applied shear stress. Hence, for drainc: zlo
stress normal to the shear planc iz giv-- %
stress 7 = 5/A, where N and S arz ~-xli-
repectively on the plan area of shear bzv -,

A typical ‘stress strain volume change relatic:
tests on loose and dense sand is shown in ~ig.
sand helps to rearrange the particles te vill i
denser packing and hence a decrcase in vel
. _ approximately 20 per cent the sample sheurs ¢
constant value of shear stress. At this ltirge
volume increase as some particles move ur ad
adjacent particles moving down into the :zio
zero net ydlume change. This conditicn «* =

~

ratio state. For a dense sand, the interlos .o
order to allow relative movement or chea: izt
Thus the sample expands during shce-

dilatancy. The consequent result iz

-
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Test~2 ma_ﬁf leod 0t P-237
The design of normal shean box dogs ‘not allow ¢ i

drairing materials and as suchgrz
ions. F

© ztressed, a soil element ind

-2nted the true value of

- =3 have to move apa
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cr clay deposits, howeverl ™

{no dissipation of excess
-zcipation of excess pore

.,I'_.N:-'
- - -

—ztion of excess pore

icly in a few minutes,
‘2~z would obviously be a

~inzd shear strength of a
cated triaxial test. The
~2 the drained strength
“'ly under the applied

“ficiently slow rate to
“ure generated by the
“~ sands the effective
" = N/A and the shear

~=~mal and shear force

= obtained for drained
The shearing in a loose
‘¢ voids thus causing a
At larger strains of
2znstant volume under a
~aings the tendency fora
zach other is foiled by &

<2 created |, reslting in

“nown as critical voi

' fh_c pcxr‘ticlc::s‘ to ogg
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.. o . resz therefore occurs at that particular value
aximum. With incrcasing shear

pressure.Thc peok e

of shear ztrain at - hizn cilatancy ratc IS
sample approaches to a
o a residual value. For the

~—ne Qas th
a densc sample is

m

~a+- decrecascs
: +ress deereascs 1

P e T A
P Y |

strain, the diletancy

constant void ratic
. . ' . " ” £

same confining pr . ¢, 1C residual shear stress 0 |
\ | . . Tvoi iure

equal o the mo. . u. zi.ar stress of a loos sample. Typical failur
+ for dense

]

s oround 12-16 penrcent and the

stpainz for loczc -:inoz arsz

sand are 2-4 percant.
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Fig. 2.8 (b) Sf,-ess-s;',-._.,‘-.--».-'.:!-;;.‘.g change relationships for drained 're;;’rs on sands; (c) |
Failure envelapes for drained tests on sands; (d) Sh'ess—strain-volumgj
change pelatizuships for drained fests on clays; (e) Failure envelopes for
d testuw elays. ' L
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1+ TrinatKal Cruprassion Tt
2. v Eatewion 7

iston load

Ceramic disc

__E.'_.___& .
e X L/T L~ Flexible nylon tube
lo0d. AT 501l & gfgﬂ
’.MA (':'\'@ | “fr ﬂ — Perspex cell
L | |
9-1.57 Erxam L}ff.b“"\{_{i‘ bS] k e
Néﬁ)lﬁ\ ()un.Lwtitm "’l’UJ)')\.L\L. n ' i‘ Soil Filter paper strips * bpele j )
ll/ Watcr —_— 5f sample "H‘-L TS WIeL &} A
o?sl-uaw i o' : Greased rubber discs ,Jm el \oa -L'wf‘Ic
Qe (top and bottom) M PR
lo Cootruachmn s\nae el b " ?L'
; Une
& Lno.olif‘—‘a " } [g To drainage bursite v
W — = H—"_“_‘ :: Hua soil
B.I'{\'R From cell pre. « il R : N pore pressure wransducer Wi it —H\-a 1_-9
Laind b.}a_],.l\ ‘3*\’.'/[* |
Fig. 7.9 A zdumodie diagram of triaxial shear test set up. o o eall grw«w-k
‘m gien—

The prepared sail sample Frcof;,cr‘ly placed in the cylinder, the cell is the ?i

filled with watere via e.o.lerr_Lsswte. control fube and subjected to a desired
cell pressure. The watern pressure, commonly referred to as confining
pressure, acts ordg)mfallbcﬁcm the eylindrical surface of the sample
through the rubber membrane as well as vertically through the top cap.
The pore wajer ?mmrw‘m the sample is measured through a porous disc
at the base pedestul and connceted through a water filled duct to a
pressurc transduce, Fo minimice the friction at the top and bottom of:
tha sample and .~ an unnesiricted lateral deformation during shear,
greased rubber cic e pleced between the sample and the end daps. '

An axial load c:. . ‘ly .iurred to as deviator load (stress), is the
applied and stcaci v crc.zed until the failure of the specimen oceurs.
The procedure .. pe.'zd for different confining pressures and .‘
correzponding dev. .- loc - atleast three times using three identical soil +
specimen. A Mch. " “:le ror cach combination of confining prcssuyf‘c" [Uéj;' iR S
- and total axial zie (e Jeviator stress = o)) is construeted. The il
tangent to the.rc. g .-:ilec becomes the Mohr_éhyelope' as shown in = 3
Fig Tl A e e
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As such a wide variety of tests are pazzible in +riaxial shear testing to \

depict insitu loading and drainage conditions. The following tests are |

adequate for most of the engineering purposes. A

. ; odt &»anvﬂnm&d

o | *1. Unconsolidated Undrained tezt (WU or Quick or Q #es¥) :'hv 'Bﬁb,c ,

*2: Conzolidated Undrained test (CU or Q. or R test™) ﬂ“‘*ﬁ’ﬂ‘g‘“"”‘k"‘f [_“5,“:3;“3” |
S
*3. Consolidated Drained Test (CO_or Slow or S test) 2 loo«b‘vdl- corstrus ehions

oy Hlow
(" it is simply because, R lies between Q and § in alphbatic order as is the case of (U
with respect to UU and D)

Generally, there arc three different and successive steps in a triaxial
test. These are:
: [
- ¢ Preparation of soil zample

Application of cell pressure

Application of excess axial stress at constant cell pressure

The first step, preparation of soil sample, for all the zoil semple is
essentially zimilar with only a minor exception that in case of WU test
the drcinage accessories like wrapping of filter paper around tha =il
specimen can be ommitted. The dissipation of porc water pressurc or
drainage during second and third steps of testing depends upon the test i
type. Often pore water pressure is measures in consolidated undrained
test to estimate the effective stress parameters. Such a test is
designated as CU test. Table. 7.2 presents the drainage and loading
conditions during second and third steps.

T .2 Drainage and loading conditions in different types of triaxial tests

Type of test

Second Step:
Application of cell
pressure

Third Step: Application of
additional axial stress at a
constant cell pressure

Unconsolidated

Drainage is not allowed.
Sample is unconsolidated.

Drainage is not allowed. i.e. failure
occures in undrained condition.

Undrained: (UV)

Con;blidaf_ed
Undrained (CU)

Drainage is allowed. That

is, sample is consolidated.

Drainage is not allowed. i.e., failure -

occures in undrained condition.

R ;,Con:’:pll’_daféd

Dr'aino:ge is allowed. That

Drainage is-allowed. That is, failure

occures in drained condition;

-

S e e

is, sample is consolidated.

; o

A3

e e g T 8w I%%-{..;‘ St~ P L

l- ymﬂn .:.-:".::?l ) 3 g ";V'j:_' "";';”";;»Z;:':"‘J -
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Shear strength parametars from various fypés of triaxial tast s

The triaxial test data obtained from a ‘test on cach of the specimen are
sepcrcfcly plotted as devator stress strain diagram to obtain the peak or
maximum deviator stress and the corresponding axial strain. The excess
pore water pressure reading at the failure strain is used to caleulate the
effective principal stresses. Thus, the principal stresses on the soil
sample arc estimated and Mohr circle are drawn. For details of the fest
procedure and computations reference can be made to Lambe(1993).

Shear strength paramecters for cohesive soil

The shear strength of cohesive soils depends on many factors like
degree of caturation, stress history, loading rate and drainge
conditions. Cohesive soils are often treated in a saturated state fo
represent the worst condition that can prevail in the ficld, though the
parameters cstimated wil be gencrally on the conservative side. Even
_then, rescarchers, concentrated many of their studies on unsaturated and
remoulded clays to asscss the insitu behaviour by analysing the results

obtained from their studies.. o comitrurction 'f"”'t '7 smullacid by E21 Em)mm
:o&}c bottern drad line_wiI( alwz Leclos + o Ladumdy- b Loadi
wYnconselidated undrained (UU) tes éutd&*&)/é\"&e}’{' poliear g

" In this test ¢ minimum of three soil samples arc subjected to different
confining pressure o3 and then loaded to failure. Before applying this
confining pressure, a small confining pressure and equal amount of pore
water pressure may be applied to the soil and allowed fo stay for some
time to saturate the sample. This application of pore water pressure fo
the sample is known as back pressure. The degree of saturation of sail

specimen can be es hma?cd from fhe&jgorc pressue parameter, 8 a..
£ 8 al(

discussed later. i uﬂd‘{ ﬁ[{%}‘ D D Sa-g all =

fn e
When a saturated co cswe 50|| lStrﬁUb&?C‘i’Cd to a stress increase, it will

respond simply by increasing The pore < water pressure by that amount. So,
any change in all around pressure or axial stress will not bring any change
in the structure or arrangement of soil particles within the soil mass.
* Hence the undrained strength.remains constant and independent of cell
pressure. That is, the soil will fail at an equal deviator stress for all the

"dn'rercm' cell pressures. Deviator s’rcss whtch is the dlame’rer of the

-q1 - g T ‘ s L %a 3
g L A  r bR A
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Mohr's circle being cqual, the failure envelope will © f‘.biioifogn;:lr:iz
thus depicting that only cohesion parameter will con.r;i ﬂ.:f.. i
the shear stength of soil. The cohesion paramcter & }: e e
termed as undrained cohesion and’designated as co .Thc o; -Tr z  one
o would be zero. A typical example of the Mohr s cu‘_clc, ai u;h o
and the cstimated shear parameter is shown in Fig. 7.1L. c}l‘ "‘m; tood oX

el ""o’cnvclopc in this case can be defined as S,Fiv)vm L~ {75)
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In this test soil semple iz miﬂall)f;c_:o_ﬁé—sf}aﬁ yndgn confining prazslre. gy,
This pressure is known as initial cffective éonfining préssure. The volume will be
change rcading can also be taken at this stage to estimate the initial void | equal
ratio of the specimen. After consolidation, the confining pressure and |
back pressure may be increased by equal amount thus keeping the |
effective cell (confining) pressure constant. As usual, the back pressure
is applied to saturate the soil sample and also to facilitate the
measurement of negative pore water pressurc during application of
deviator stress in case of an overconsolidated clay. The soil zemple is
" sheared at this elevated cell pressure (o3) with a deviator stress of aAc,
that is axial stress of ogy=o3t40). Morh's circles are drawn for the three 3
specimens to determine the failure envelope and strength paremeters in
terms of total stress. The Mohr's circle diagram and failure cnvelope will
be very much of similar fashion to the generalised diagram of Fig. 7.9b.
The strength parameters would be designated as ¢.y and Q. instead of ¢
and @ as mentioned there. The failure envelope will be represented b | &
. -
l
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" “As'mentioned earlier; consolidated undrained test.can also be carried .out
with pore water pressure measurement while shearing the soil sample. The
effective stress parameters in such a case are determined drawing Mohr
circle and hence the failure envelope taking in to consideration the
effective cell pressure oy’ as (03-ur) and cffective axial stress o;”as (o;-
). Here ug is the pore water pressure at failure. Thus the effective
sses o, and O3 respectively are to be

minor and major principal stres
computed for all the three specimens. If is understandable that the Mohr

circles for, this effective stress condition would be of similar diametfer
as those for total stress condition. Only thing is that they will shift
towards left in the diagram thus resulting in a higher @ and lower ¢ values
interms of effective stress A typical illustration is shoqu; in Fig 7.12.
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Fig. 7.12 Total and effective stress parameters from a CU test (Typical
one circle of cach are shown, others are hidden)

The effective strength parameters are ey and respectively for
cohesion and friction and the cquation for failure envelope is

% W . I wadids E
Oyf}ﬁﬁig Tf - Cey * O TN Py - (7.7)
o AES

3 2 t However, for normally consolidated soil ¢ will be zero as explained later.
| 4 | addihomal lnadina‘és a'ivmwud slm.{.d
1.*¢}"50 Consolidated drained (£D) test @lrw —bu,{) /g-{,»t— = both Hhe_ dainage_
U are. opened %o
19 In this type of test, the sample is first <:onsolidcl’(:“c:Olcfbdj_‘n(grf}'L cé%oﬁhi%gl-'oﬁ;

7. wo cell pressure. Back pressure may be applied in a similar manner 4o that-o>®
: . o > (o
y120 CUtest fo saturate the sample, if necessary. Thus the confini(ngﬁ@)b?sgu;gyiﬁ"

Bﬁgﬁere is also the effective confining pressure o;’as that of ¢Utest. The

..
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oo o at all the stages of the test inu
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the pore water pressures remains =€ . althrough. The veolume change
prevallinge ehteaiive: Sifgsc condl.ﬂom - .d ratio of the soil at failure
reading can also be taken to examine the V?I L 4 major principal
condition. Mohr's circle interms of effective minor an L rain the
stresses at failure for all the three specimen arc are c.irawn g o8
effective shear strength parameters ¢’and @' The fallurcdcnv W}:UId o
typical in nature as represented by Fig. 7.10b, anf ¢ an i i
replaced by the parameters ¢ and @° Fig. 7.1,.3 shows the oo
diagrams. The values of these paramcter are different. The fai

envelope can be given by: @ Drained Lest "7;?3 lmuml Locd, dswained]
Tr=C’+ o tang’ (7.5) 1

AT 2. p s wu
® Heou i el of developing- porce wolirt prass e = _5»0 —!:a& P
The pag:.;né?cyrl*? g"\ﬂc:ﬁd @’are often rcplapccd by eo cﬁwd O to remind that gre stiess

these parameters are for drained condition. The paramcters obtained Tg

from a drained test always refers to effective stresz conditions Thoughe’j?aﬁw_’
these can also be obtained from a €U test and that should be specifically gtrans
spelled out. However, in Iabora‘ro_ry testing there may be slight 4
differences.in effective stress parameters determined from CU test and So 0y A
€D tests. However, the magnitude strength obtained from a €O test is ¢ol 15 also

always higher than that form a €U test for a normally consolidated clay.culled efeet
- (2,0, (,0) (e and e ffechve
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Fig. 7.13 Shear strength parameters from a €D test, { o

l‘ wh

Strength parametenr for cohesionless <o/l

- Wch‘Joad is applied to a soil, the soil is stressed and causes the soil-
water matrix to compress and some of the water is  squeczed out,
" Because cohesionless sails have g high hydraulic conductivity (cocfficient

\




of permeabihty) this water is able fo ‘move quuckly and easily. The
potential drainage rate is atleast as high as the loading rate. This
condition is known ‘as drained condition ‘and the stresses acting on a
cohesionless soil are always the effective stresses. Hence, in case of
cohesionless soils the measured strength parameters from shear tests
are always the effective one and it is almost independent of type of
triaxiat tests. As cohesionless soil has smaller surface forces, the
cohesion parameter can be considered as zero the the sfrengfh cenvelope

can be explained by the equation Jor ngfed-w(g Shs messwumont = CU -Taat
Peru_woctm prw‘%m@ 4 CU /eV bax

¢ = o’ tang’ 7 Test
d ? A3 ~2“('\"S N ond 6 (9:1.»9‘%‘. {mza—
G0
% such, only one  Mohr's circle is required to define the j‘r?rofghf line

failure envelope of strength as another point is known to be the origin of
o-7 coordinate system. However, confining pressure has a little effect on
strength the parameter and as such, conventionally three specimen arc
tested at different confining pressures, Mohr's circles are drawn to
obtain the failure envelope of the form represented by Eq. (7.9) and thus
the angle of internal friction ¢’ is determined. A typical Mohr cirele

Eﬁzu_h diagram for friaxial test on dry cohesionless soil is shown in Fig. 7.14,
Mwhcr‘c the S ength parameter ¢ iszero,  Mommally bore Hole 7ma sorl

>0 J soll (Tgr Lok AAC BT
— s = —A44 u/
Hanaiith | o Bud ol Ha hfmdrurw,
G’: 6 -Ww (’i} s Failure envelope lU,"(S ot \,dué it
= tincl is | F \
£k H‘\Pﬁ I.LjH’ Lui' \ Ccruurwra
e droemetor upi |
Lg, &01pzifwte- 2 TH&ﬂH;tAH
Sreralo ﬁw Ha_ ot g

30replas = o 51 ou on oy oy
g hd’ uf_ﬂ'ﬁ load. 1 - =Th *‘NH"{ 'S mtwru M"i 50 4’ L be.d\m%cd‘{vT‘
Fig. 7.14 "Shear strength results of cohesionless soil from a triaxial testw 1+ 0

ealled |7

However' Thc moist cohesionless soil might show a very small value of
apparent cohesion which is due 1o surface tension. In all the shear
strength test of sand volume change is a very important facfor Hence, it

is preferable to record the volume change readings for better cxplanhon
of the test results.
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P Undrained .shear strength of norn'\allfy-'.consolida'l'zd clays varies with
effective overburden pressure (i.e. ‘with depth). -Several empirical
relations are available in terms of index properties of soil. Of them, the
one given by Skempton is mentioned below.

c,/o’ = 0.11 + 0.0037 Ip (7.10)

Where, ¢, is the undrained cohesion, ¢/, is the effective over burden
pressure and Ipis the plasticity index in percent. Eq. 7.10 afford a quick
but approximate estimation of the increase in undrained shear strength of
a normally consolidated clay with depth.

Unconfined Compression Test “4 Hhe additional lasl Il be aunaﬂ.s

soMe—- = Hain ay:um]oﬁ‘an-
Unconfined compression test iz essentially a special case of triaxial
test whera the minor pricipal stress en cell pressurc is kept as zere.
No rubber membrane is required to encase the soil sample As:such, the
apparatus becomes much simpler. This is the casiest, quickest and
simplest test for determining the undrained strength of saturated
cohesive soil. This ftest can also be done on unsaturated sample, but it
should be borne in mind that undrained shear strength of cohesive soil
varies significantly with the moisture content and density and in the
design due consideration should be given. As in friaxial tests, fhree
cylindrical specimens are tested for axial compression to failure in an
unconfined compression machine and their average values are considered

’ [5172 1) DT 40 240 s L o_{:
as the strength. ¥ L v L 14 zews stom i grvene,
g : _'I_TJ"_;-Q s 10D ""5] ;hﬂ 7 1y #lso _ﬁO ' d :

The unconfined compression festing macine essentially consists of «
loading frame where the cylindrical soil sample can be placed in between
_ basc platform and a top cap. The top cap is attached to cither with a
proving ring or load transducer. The bottom platform can be raised either

by gear system or by a hydraulic pump system. A view of the machine is

Py nrig-e.2. voeuum 15 Plieol- —~
Re e , 2 li Ha soil o sodweted Ve 0O 2 o

%M,,’u A prepared soil specimen is placed properly and compressed to failure ‘i_:i_

ﬁw very quickly within a couple of minutes to maintain the undrained -

Q o,«y condition. The soil appears to fail in compression, and fhe test results are -

C/cﬂ'cn expressed in terms of the compressive s@'l')r'eng‘rh: it qctually fails in -

26 ' 3B pondin IF . g
ij"—o @°'lf):(~°'°) o, gl T G q'%‘u"mﬂbl N
= My arecde A Sovat_ ; o N MR
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strength of the soil, ~

: ssive
shear in diagonal planes. The unconfincd compres=

usually designated as gy, is given by
(7.11)

QU:(’Df/Af)

strength and Aris the arca of the
d arca. Details of these can be
scs on the sampl'e. at
h can be found as

Where, ¢, is unconfined compressive
sample at failure, often termed as correcte
found in Lambe(1993). If the Mohr's circle of stres
failure is drawn, Fig. 7.16, the undrained shear strengt

Cu;-(qu/gj . (7.12)
& ofi 3 woulks e vouq close_ such Hat
[ ] . o ! q/u. ,q/u 9q/u3 2 \
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Fig. 7.15 A view of unconfined compression testing machi .
| ' Sl tne

TheTMﬁcaHy, an unconfined compression test zhould "rld. g
:Z?eiz: ff'::-dr ﬂ"‘ecis‘haa',. sfmngf.h .as Qb'l'ainad from +n);$<iai +St’ Sa:ﬂ )
, this supposition is on]y valid if severaq| asumptions are "a'ri':i‘:;t

1An

Scanned by CamScanner



The specimen must not contain any fissures, eracks, silt
saams, verves or any othar dafects.

» The spacimen must be sheared rapidly to failure. If the time
is too long, evaporation and surface drying may pesult in high

strangth. Typical time to failure is 5 to 15 minutes. If the
the unconfined

sample does not show any sign of failure,
comprresive value is taken as the as 20 percent strain.

T
b

Failure Envelope

/

r
/ \ Cu |= g2 W

ci=0 O1=qu

Fig. 2.16 Mohr circle diagram for unconfined compression fest

Unconfined compressive strength also gives ¢ measure of consistency of
clay soil as expressed in Table 7.3. Unconfined compression test can be
donc both on undisturbed and remoulded semples. Their values usually
gives some uscful estimation about the sensitivity of clay soils. Sensitivity
describes the effect of stress and environment with time on the strength
of the szoil. It is usually defined as the ratio of undrained shear strength
of clay soil in undistubed condition to that at a remoulded state at the
same water content. Though, it is referred to undrained strength it is
customary to usc the unconfined compressive strength to define its

sensitivity. Hence,
‘)/Sensim ity =
et 9 remoulded ’é’

Gy undisturbed

SS

The sensitivity of a soil measures the reduction of shear strength

might occur due to disturbace of the sample. Bjerrum(1954) gives a
sensitivity classification os soil which is presented in Table 7.4, |
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Table 7.3 Consistency at\d#‘fﬂ‘wc \\ \
E s e N A&
strcngﬂ}_}?_f_f,'?)ﬁﬁo_l!; : i%
TN Compression
sy S Unconfine
Consistency —— qu(kN/mz) M . w
-V — 25 :
Very soft .
Soft 25 - 50
; Medium 50 - 100
f Stiff 100 - 200
Very stiff 200 - 400
} Hard 400 - 800
Table 7.4 _Sensitivity classification of clay soil "
‘ging{l;;?_;f_voluc Soil deseription
Lezz than 2 Inzensitive
2 -4 Medium sensitive
4-8 Senzitive
8-16 Very sensitive or Extra Sensitive
16 - 32 Slightly quick
2 - 64 Mcdium quick
Greater than 64 quick

Highly overconsolidated zoils are insensitive because of low natural water

content of the deposit. Glacial clays lic in the range of medium to extra

sensitive classification. Some of fresh water and marine deposits are

quick. Sensitivity of most of the clay deposits ranges from 2 to 4. The

decrease in strength of clay soil is attributed partly due to disturbance of :
adsorbed water in clay layers, If the remoulded soil is left undisturbed ot
the same water content, partly of its strength is regained due to |
reorientation of the particles. This is known as thixotropy. .

Vane Shear Test "'/V?ﬂtj Guick tost ax N undraingd cordstion = 2 feld
e - ™ mmbhang_|
The vane shear test can be applied for measurement of undrained shcarCan Le |

strength of clay soil both in the laboratory and field. Tn particular this <o i |
test is vary suitabla fop seft clays, which otherwiselmqy be greqﬂy,“ 5n . 5
disturbed during the extraction and testing process. | . e T

I
i

| -'3‘0- ‘
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/ Essentially, the vane shear apparatis’ consists of a series of thin
: rectangular blades welded t¢ q circular'shaft, so that when the shaft is
rorated about its axis cach blade generates the same cylinder. In its usual
form, four blades are used"forming a cross section. A schematic diagram
of vane shear apparatus is shown in Fig. 7.17(0).‘

The vane dimensions may vary but a_height/diameter ratio of 2.0 is
5 commonly used. The vane is pushed into the soil to a predetermined depth .
and rotated rapidly (usually 0.1°/sec) until shear takes place over the
surface area approximately equal to that generated by the vane. The
strength is estimated from the maximum measured forque required to
shear the cylindrical surface. A simple formula between shear strength
and torque can be derived depending on the following assumptions.

* The soil is purely cohesiva (p = 0), homoganeous and isotrapic.
» The insertion of the blade causes no disturbance to the soil.

» No drainage takes place during shearing.
» Failure takes place by shearing over the surface of the cylindenr
| generated by the rotating vane. .
o No' progressive failure takes place in the soil and the shear
strength is fully .mab”‘ﬂg:r(us on the sunface of the cylindar at

. ¢
fa//w'e . I+ % must be d%
" v soctwalzd

2, ]
The total torque is the sum of the opposing moments on the cylinder side
and on the two edges of the eylinder. This can be written as-

‘ . . - 4 vmllﬁ(:
(5t BT = M # (25 M) T = FREe T= IR

— \\‘
= » e AvTyg . ~ 2 ~ . x 0
i unled¥iCre. it el mr@- ‘ ajna‘i.wbuad sunfact , 18
SFz0s Mo I = total applied torque uniforen .
forar sde = resisting moment due to the shear forces on the

cylindrical surface | _
Mecge = resisting moment due to shear forces on a single edge
surface. | -

Let us consider a cylinder of soil of height, 4 and diameter, d" (Fig: 7.17)

will resist the torque until the soil fails. If the assumption of full shedr‘-‘ '

mobilisation at the edges are not'valid, there could be various assumptions

regarding the distribution of mobilised shear sirength at the edges. The =

possible distributions are shown in Fig. 7.17(b). - o
-31-
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' \‘\t a A e O( fa) Vane Shear Bladuy {b) Shear Stress Distribution

ﬁhmbuud swrfoc = adh
élﬂf 17 Vane shear test; (a) diagram of apparatus; (b) distribution

of stresses

Accordingly, the expression for resisting forque can be obtained by
integrating the resulting moment for the relevant stress distribution
diagram of the cdges and adding the value for the moment duc to surface
resistance. The general expression can be obtained as follows:

d’h n(i‘ | .
T=’-Cu{ 5 —-4 ] (/13)

— - ‘% a_, AQPQ)'\QLS OY'I_HLOlJ-A{‘KLbu"Cx
orcﬁuf-'/suxjou\» dag (op 2 botbom)

€y =undrained shear strength of soil

where, v

‘J{‘{/a = *‘“ T for uniform distribution of shear a? the edges
3y

= '5 for triangular distribution of s shear at the cdgc'

.
S

for parcbollc distribution of shear at the cdges.

Sometimes, a vane shear test is done in a borchole where to 1op cdge of
the vane concides with the bottom of the borchole, In such a case only
one cdge instcad of two partakes in the resistance process, The value of
a' in Eq. (7.13) will then be reduced to half of the values as given above.
For a conventional event, where a unn‘orm distribution at both the edges

is considered and 'fhe hctghf of the vane is twice the dlomefer of ’rha

-t B -32-
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./'{ailurc cylinder, EQ; (7.13) tokes a Slmpll i
undrained cohesion of soil as .

X > 6T | . L oax 2
v — 1 - I-.QA. A a_ .
“Egpa |7 Ao 2 Oy

T TP W WU A S LR SPTovae

7.6 Pore Water Pressure Parameters - '

Pore water pressure plays a significant role in determining the shear
ssure due to change in

strength of soil.[’l_’hc change in pore water pre
applied stress is characterised by dimensionless cocfficients called pore |

prassure_coefficients’ on pore pressura paramaters A__G_IIE'._Q-;] hese
parameters have been proposed by S

kempton(1954). In undrained triaxial
compression, pore water pressure develops

both during the application of |

cell pressure and applica‘rion' of additional axial stress.

t in addition to determining the strength parameters of soil,
s the excess pore water build up

sz condition. The ratio of

Triaxial tes
also gives data for predicting the exces
s by a change in total stre

developed due to application of confining or cell
r: Therefore,

at a point in a soil mas
porc water pressurc
pressurc is termed as 8 paramete

Ba—t=—r (7.15a)

That is, Au, = Bdog (7.15b)
B- =2

AG. = increase in confining pressure -5
Auc = increase in pore pressure due to Acc =
A3z increase in minor principal stress.

where,

5
pr——

_5;1 w=230
ak $ g0 & if =3

" In undrained condition, the decrease of volume of mass is equal to that in

the volume of pores. Using the principle of theory of elasticity it can be
shown that ot | - | s
A 7110 o ‘ '.(716) 2
oy ]t ey S R
‘ sk |

where,
- -33.
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B~ cb‘oe_nb o d.zﬂnu.af»_gx}mth

2—'-.____ Auy A—s n " oveeonsoldaten rehls .
(Ao, -Acy)
That is, Auy =A(Ac, - Acy) (7.17)

" b: & 41CK wrpene 4
Where, duyis increase in pore water" pr‘gssure due to increase in deviator

stress (dor-403). T is an experimentally determined dimensionless
parameter and the product of two other parameters, A and 8. If now Au
denotes the total excess pore water pressure within the soil mass due to
increase in confining pressure and deviator stress, then using the principle
of superposition, it can be related as |

Au—(Au +Au, )= BAG; + A(Ao; — Ac,)=BAu; + AB(Ac; — Acy)

That is, [ﬁj BlAG; + A (AG]‘AG3)] (7.18)
For a 100% saturated sample, where 8 = 1 the equation simplifies to the
form

AU = Auz + A (AG}-AG_g) (7.19)

Similar to parameter 8, A is not also ‘constant. It variez with the =zoil
type, stress level, soil anistropy, density index and stress history (OCR).
Bishop and Hankel(1962) gave a relationship between over consolidation
ratio and A value at failure, Ax This is shown in Fig. 7.19. Typical Af values
for clay soils are also given by Skempton. They are presented in Table 7.5.
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’_L:_dferal Earth Pressure V~V%

» Introduction to Plastic Equilibrium in Soils

« Earth Pressure at Rest

e Active and Passive Earth Pressures by Rankine and
Coulomb's theory
o Culmann and Rebhann's Graphical Construction for

earth pressures
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CHAPTER 9

LATERAL EARTH PRESSURE »=r 513’1'#&!@:355

4 " ap 7 . . S
9.1 Introduction to Plastic Equilibrium in Soil

A mass of soil is said to be in a state of P'C‘.ST'C e‘_?::’_‘:"::;
if failure is incipient or imminent at all points Wi n e
mass. This is commonly referred to as general sta eh
plastic equilibrium and occurs in rare instances such as wnhen
tectonic forces act. Usually, however, failure may be
imminent only in a small portion of the mass such as ‘rha"r
produced by the yielding of a retaining structure in the soil
mass adjacent to it. Such a situation is referred to as local

state of plastic equilibriume wpirg
T /‘EMH\F b Vouhie

la__
The state of stress in the backfill of a retaining structure
depends on the movement of structure with reference to the
backfill. The backfill material is said to be in a state of elastic

equilibrium when the stress involved and the corresponding
strain are within elastic limit. This generally occurs for no or
very less movement of the wall. Further increase in stress
develops shear stresses at some point in the body, reaching the
shear strength of soil. Subsequent increase in stress causes a
substantial increase in strain producing a condition known as
plastic flow. The soil mass prior to onset of the plastic flow
condition is said to be in a state of plastic equilibrium. Plastic
collapse occurs after the state of plastic equilibrium has been
reached and the load or stress at this condition is referred to
as collapse load. The determination of collapse load, adopting

plasticity theory, is rather complex. However, plasticity theory
also provides a simplified analysis.

" - th/ﬂlﬂw vorkiesl fore,

Scanned by CamScanner T




/
;.:ur'f*‘“.““’ was the fir'::'i'- 1'0‘
‘(J:::}.()(“,»l(ll(td Wn'h "‘hC Sr(\t ‘
infinite mass of homo i
under the influence of

nvestigate the stress conditions
e f)f plas.'ric cqu‘ilibr‘lum in a semi
J=neous, elastic and isotropic soil mass
gravity or self weight alone.

9.2  Laoten
.-ﬁ,l:,?jf’:'_‘!_fﬁ_[‘m Pressure v

e v
e e g

The pre
STr‘ucfur‘:SS:eaciT:Med by the soil against .cm epgineerin.g
called earth pr8553pon§ ZS.Ur‘fcxce. of'surroundmg soil mass is
geotechnical enci e trictly speaking the two terms used in
S gineering related to pressure namely pressure
(SIess are nearly synonymous. However, pressure may be
def'md_ﬂs the contact force per unit area between a
structure and soil whereas stress is the force per unit ared
within the soil mass.

Onc of the first steps in designing any structural member is T0
determine the magnitude and direction of applied load. For
retaining structures, the primary applied load is the resultant of
the lateral earth pressure the soil imparts on the wall. Lateral

earth_pressure due to soil depends on:

» Coliesionless soil
é;}’llyiicnl characteristics of soil P C—@ = has both colarion & fiti chion
3 43[*0‘ Cohesive soil
. i &’ \“ h'_ ‘01")‘/&—
¥ No deformation ® W un o

°§-,Dctormxmon characteristics Structure gy fir (Interal expansion) .
) U

Structure towards soil (Iateral

of structure ! | .
contractjon) (2) =7 PIRANLY" <. The Srhrusetune
narA & MOLB W;AM{' & ienrag HRn
. “f A 5ﬁ+¢u_,
goil wants

Depending on the deformation characteristics of structure and™ "
. WE v
hence the associated soil, lateral earth pressure may . have,j.omd

| . deoriosd

,-J - ! : @ . :
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When a soil maintains th <ure exerted by the soil on

the vertictl pressure, the lateral pres chin the soil mass
the structure or the lateral stress induced within

A ctive
is known as earth pressure at rest. The ratio of lateral effe

5 [ | l ( . On is
5“ €5S, O3, 1‘0 VEI'“CGI EHQC“VE Sll?.SS, G, al hIS CO“d”I
Uure al /@.5'7 GNO
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termed as coefficient of earth press ;
— e = bzl expon & om

v} 4—;'-'—

R e

*"'Bﬁ./hcn a soil expands laterally due to §tresses,
lateral stress at which the soil fails due to shear is calledlactive.

egartn prassur_@ The ratio of lateral stress to vertical stress at
this condition is termed as coefficient_of active earth

A -+ :
Clitewad centrcactteon the »otl
) h";[( be_ (.'fﬂ’ﬁ . re o 'M_
Vﬂ_/\/hen a soil contracts laterally due fo stresses, the minimim
lateral stress—at which it fails due to shear is called [passive

_earfhjvaressure]The ratio of lateral stress to vertical stress at

the condition is termed as_coefficient of passive earth
>

pressure and designated b y&
In general the ratio of lateral stress to vertical stress is known
as coefficient of earth pressure and designated as K. The
coefficient of lateral earth pressure influences many aspects of
the engineering behaviour of soil. As K increases, the following

chanaes occur (Schmertmann, 1985). oo |
s ocar Gcmerino S8 Sl s
"?J:t*a 4 e

—

designa ted by K.
the maxﬁum

JY

pressure and designated by|K;.
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« Bearing capacity increases

‘o Slope stability decreases

Fracture in earth dam becomes less likely

Lateral pressure acting on refaining walls increases

Skin friction resistance on deep foundations increases
Foundation settlements becomes smaller |

« Seismic liquefaction becomes less likely T 7
i 6,
e Soil improvement becomes more difficult ’i%" Ham=16 ¥
T | . & =Ko
9.3 Earth Pressure at Rest g o G =Fe®y

In case &f rigid and unyielding retaining wall, no lateral strain
“occurs in the soil. The corresponding lateral stress or pressure
is the earth pressure at rest. The vertical and lateral stresses.
o, and o respec‘rively, at this condition can related as

o, =K,0.= Ko;ﬂ N (9.1)

—————

A theorefical expression of K, for an isotropic, homogeneous and
elastic material can be obtained from the condifion of zero
lateral strain. The lateral strain, €, can be expressed

1 :
i —E—[O-h —ILI(O“. io.h )] S iy (92) =

= éh"-' fifgﬂ( l’/u) ‘/(.633

If g,lf__q,_’rhen 4<jm'~ 0 U’"’—)
‘ b, g ey
o, =——0,=K,0, ERRY S
——h 1—',[1 \ 0 »_-"/ ; (93) T T
" Where, 1 is the Poisson's ratio of soil. Tt is not really very easy

+o0 determine the Poisson's ratio of insitu soil, as such a
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0.4 Ear"rh Pressure Theories

ially thz cciive
The magnitude of Im‘eral earth pressure, especioiy in= ==
- n "’ one ’1"
and passive pressures, is evaluated by the application of onz
- _r'.raf —’Z

other of the so called lateral earth pressure theories.
problem of determining the lateral earth pressu
refaining walls is the oldest in the field of zngineering.
investigators have proposed theories, but Those given Iy
Coulomb and Rankine have been considered relicblz in spitz of
some limitations and are considzred as the basic 15 the prob!
Their theories are usually considered as the Classical Earth
Pressure Theories.

9.4.1 Rankine's Theory =(pett i, p,,wm)
N

Rankine developed his theory of lateral earth pressure when the
backfill consists of dry, cohesionless soil. The theory wes later
extended by Resal (1910) and Bell (1915) to be epplicaslz to
cohesive soils. The following important assumptions crz made | ade in
Rankine's theory: BE L wid o Ha assurptions o

Ronbine's Thaswety - |
oj//vThe soil mass is semi infinite, homogeneous, dry end
cohesionless |
o2. The ground surface is a plane which may be horizontal or
inclined : |
. The face of ’rhe wall in contact with the bockfill ic varsiral

a i §
Con ugate r'elaﬁonshi exists between vertical and laterai i
pressures & Afﬁ*—f‘ 1} Fll 8t ard RUAG = Hun it wil b saich

= pd ™

"
f.cv.mth alvwr

Rankine consndered the equilibrium of a soil element in da:* vmg
the for'mula to estimate the la’reral earth pressure -
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9.4.1.1 Active Earth Pressure in Cohesionless Soit”™

R

The Mohr's circle of stresses may be used 10 determine the
laterdl thrust on retaining walls from backfill soil for which tfhe
qhear ::H’(:ng'l'h may be axpressed b‘/ T = roan(p: The value or @
here designates ef fective angle of internal friction.

Let us consider a vertical and smooth retaining w‘a“, an'rﬁ
cohesionless backfill with a horizontal surface. At :J glvenl :P i
h on an element, the vertical stress 61 is equal 1@ Ja Tlh;rae:sres
stress is designated by g3, Both of these are p’r'mlcrl.PG ey
and the corresponding Mohr's circle is s.hown in lgr._ f' gt
assumed that the wall has yielded sufficiently fo satisty

i+ , = K.yh=Ka.cp.
carth pressure condition, such that oy = Kih /
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Cosp=[Cos” /f?ij___ [ A (9.153)

i e e s

* " Coup v JCos” - €057

The active thrust is given Dy:

1

F'
.:*"7?,/ -2—/(‘,7/%"’ cos (9.155)

» ‘;p . & . -‘ L‘
Similarly, the passive earth pressure coeii icient is given D

i o COH A Cii_z_f’j__faf,_i'f (9.16a)

-+ C‘osﬂ—fé"o., p- Cos®

And passive thrust is
Jore 9-41:3

=S KiH? cosp (9.165) ¢

W—

f'i -:i b
m.b * Cohesive (c-¢) Backfill with Sloping Surface iﬂe;;rf for

Mazindrani and Ganjali (1997) made an analytical soluticn of lasercl
earth pressure problem of cohesive backfill with sloping surfece,

Accordm to them: R TR - O
Sy £ T B
ﬂ %ﬁ&"\ l- 2c ” 2 el A L it 1 2€ ) . < 2 T s
! .,._.___ 2cos® g+ ——cosgsing - 'A4cca‘,u1:o:, g-cos »"f-!-—’ o8- - ——C0s- Jrosdsins
C0y* ,il- 4 X ] 4 74
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- T 7
3 | | g
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(g) Triangular load
(h) Area load

{a) Point Load

Let Q be a point load acting on the backfill surface as shown in Fig.
9.9. Referring to the Figure Lateral earth pressure along the

vertical section at perpendicular distance of load Q is given by:
400 kN =6 o mA ’8 =nH

(i) For m>04 _ e 4'/

177Q m'n?

H ]
e | T € division:9
i) For m«<04 ¥ Fiy-1 ot H @ & Sl
Sl - so\vwa,\oucﬂolun — 157 AT P
2 4

2 o . .2 - 0:23< 4
0.&8@ /1 9 Y.\L &%Kia‘p . “

H? (0.76+n2.)3 i j“ (-;c.m‘? 5T Q)
R =

Lateral pressure at points along the wall" dn each S|de of a
9% perpendicular from the concen‘rm‘red load Q to the wall is| .w}mﬂ
e

¢ P”m* loadh &, £ 8 7 9 26
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o. Line load (factor of two included) b. Strip load
from Terzoghi(1954)
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M7 Rarnp lood d. Triangulor load

from Dowkina (1990

NOTES:
() FOR FIGURES (c) AMO (J) THE ANCLES a A0 3 ARC
EXPRCSSED IN UNITS OF RADIANS.
(2) NECATIVE PRESSUNCS MAY DBE COMNPUTCO
AT SHALLOW OCPTHS (2).

Fig. 9.10 Lateral Pressurc due to other Surcharge Loads: (a)
Line Load: (b) Strip Load; (c) Ramp Load; (d)
Triangular Load

(o only  fout % Lne lood - formula = 2047
° fm‘_o—}ﬁm loads 4%7”11" uﬁl[_ ba_. 5‘,@, so

® for athan mc:lar\aubw agess - loaol ,  somee ﬂKa{J\»-k ‘Uu_tuepe-fw‘
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