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TEEGALA KRISHNA REDDY ENGINEERING COLLEGE
(UGC-Autonomous)
Approved by AICTE, Affiliated by JINTUH, Accredited by NAAC- ‘A’ Grade
Medbowli, Meerpet, Balapur, Hyderabad, Telangana- 500097
Mob: 9393959597. Email: info@tkrec.ac.in, deanacademics@tkrec.ac.in

DEPARTMENT OF CIVIL ENGINEERING
LECTURE NOTES

ACADEMIC YEAR: 2023-24

REGULATION: R20

YEAR/SEMESTER: Il - |

SUBJECT: GEOTECHNICAL ENGINEERING

SUBJECT CODE: 20CE5PCO03

FACULTY NAME: B. SURESH

SYLLABUS:

UNIT - Il Permeability:

Soil water — capillary rise — flow of water through soils — Darcy’s law- permeability — Factors
affecting permeability — laboratory determination of coefficient of permeability — Field
measurement, pumping out in unconfined and confined aquifer - Permeability of layered
soils. Effective Stress & Seepage Through Soils: Total, neutral and effective stress — principle
of effective stress — quick sand condition — Seepage through soils — Flow nets: Characteristics

and Uses.
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TEEGALA KRISHNA REDDY ENGINEERING COLLEGE
(UGC-Autonomous)
Approved by AICTE, Affiliated by JINTUH, Accredited by NAAC- ‘A’ Grade
Medbowli, Meerpet, Balapur, Hyderabad, Telangana- 500097
Mob: 9393959597. Email: info@tkrec.ac.in, deanacademics@tkrec.ac.in

DEPARTMENT OF CIVIL ENGINEERING
LECTURE NOTES

ACADEMIC YEAR: 2023-24

REGULATION: R20

YEAR/SEMESTER: Il - |

SUBJECT: GEOTECHNICAL ENGINEERING

SUBJECT CODE: 20CE5PCO03

FACULTY NAME: B. SURESH

SYLLABUS:

UNIT - 111

Stress Distribution in Soils: Bossiness’s and Westergaard’s theories for point load,
uniformly loaded circular and rectangular areas, pressure bulb, variation of vertical
stress under point load along the vertical and horizontal plane, and Newmark’s
influence chart for irregular areas. Compaction: Mechanism of compaction — factors
affecting compaction — effects of compaction on soil properties — Field compaction

Equipment — compaction quality control.
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TEEGALA KRISHNA REDDY ENGINEERING COLLEGE
(UGC-Autonomous)
Approved by AICTE, Affiliated by JINTUH, Accredited by NAAC- ‘A’ Grade
Medbowli, Meerpet, Balapur, Hyderabad, Telangana- 500097
Mob: 9393959597. Email: info@tkrec.ac.in, deanacademics@tkrec.ac.in

DEPARTMENT OF CIVIL ENGINEERING
LECTURE NOTES

ACADEMIC YEAR: 2023-24

REGULATION: R20

YEAR/SEMESTER: Il - |

SUBJECT: GEOTECHNICAL ENGINEERING

SUBJECT CODE: 20CE5PCO03

FACULTY NAME: B. SURESH

SYLLABUS:

UNIT - IV

Consolidation: Types of compressibility — Immediate Settlement, primary
consolidation and secondary consolidation - stress history of clay; e-p and e-log(p)
curves — normally consolidated soil, over consolidated soil and under consolidated
soil - reconsolidation pressure and its determination - Terzaghi’s 1-D consolidation
theory — coefficient of consolidation: square root time and logarithm of time fitting

methods - computation of total settlement and time rate of settlement.
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The shear test must be conducted under appropriate drainage conditions that simulate the actyy) -
problem. In shear tests, there are two stages :

(1) Consolidation stage in which the normal stress (or confining pressure) is applicd to the specime,.
it is allowed to consolidate.

(2) Shear stage in which the shear stress (or deviator stress) is applied to the specimen to shear
/\'Sf Depending upon the drainage conditions, there arce three types of tests as explained below :

(1) Unconsolidated—Undrained Condition. In this type of test, no drainage is permitted during.
consolidation stage. The drainage is also not permitted in the shear stage.

As no time is allowed for consolidation or dissipation of excess pore water pressure, the test ¢
concucted quickly in a few minutes. The test is known as unconsolidated—undrained test (UU test) or g
test (Q-1est).

(2) Consolidated—Undrained Condition. In a consolidated—undrained test, the specimen is alloye

asolidate in the first stage. The drainage is permitted until the consolidation is complete.

a the second stage when the specimen is sheared, no drainage is permitted. The test is knowy
(eonsolidated—undrained test (CU test) It is also called a R-test, as the alphabet R falls between the alphay
{© used for quick test, and the alphabet S used for slow test.

The pore waler pressure can be measured in the second stage if the facilities for its measuremen -

a@vailable. In that case, the test is known as CU test.
3 Consolidated—Drained Condition. In a consolidated—drained test, the drainage of the specime
pemmitied in both the stages. The sample is allowed to consolidate in the first stage. When the conSolida
s eomplete, it is sheared at a very slow rate to ensure that fully drained conditions exist and the cxcessm
water 1S zcro.

The test is known as a consolidated—drained test (CD test) or drained test. It is also known as the sig
test (S—test).

13.10. MODE OF APPLICATION OF SIIEAR FORCE

The shear force in a shear test is applied either by increasing the shear displacement at a given rate
by increasing the shearing force at a given rate. Accordingly, the shear tests are either strain—controlled
stress-controlled.

(1) Strain controlled tests. In a strain-controlled test, the test is conducted in such a way that t
Shearing strain increases at a given rate. Generally, the rate of increase of the shearing strain is kept cons
and the specimen is sheared at a uniform strain rate.

Th shear force acting on the specimen is measured indirectly using a proving ring. The rate of shean
Stréin 1s controlled manually or by a gear system attached to an electric motor.

Mmt of the shear tests are conducted as strain—controlled. The stress—strain characteristic are ¢
4blained in these tests, as the shape of the stress—strain curve beyond the peak point can be observed
A 4 slrain—controlled test. A strain—controlled test is easier 0 perform than a stress- controlled test.

2 "
U (=) Stnexs—-Cor!tmlled tests. In a stress—controlled test, the shear force is increased at a given ™
thsua}!y. the rate o_f increase of the shear force is maintained constant. The shear load is increased such
d cl shear stresses increase at a uniform rate. The resulting shear displacements are obtained by means U
1l gauge. .
Stress—coentrolled tests are preferred for conducting shear tests at a very low rate, because an ap®

load can easily be kept constant for any given period of time. Further, the loads can be conveniently appi®
and removed. The stress-controlled test represents the field conditions more closely.

13.11 DIRECT SHEAR TEST

(@) Apparatus. A direct shear test is conducted on a soil specimen in a shear box which is split int0 ™
halves along a horizontal plane at its middle (Fig. 13.7). The shear box is made of brass or gunmcml‘ It

h
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Fig. 13.7. Direct Shear Test.
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held together by locking pins. Suitable spacing screws to separate the two halves are also provided. The
pacing screws are fixed %o the upper half and they butt against the top of the lower half.

The box is provided with the gripper or the grid plates which are toothed and fitted inside . The gripper
plates are plain (without perforations) for undrained tests and perforated for drained tests. Porous stones are
placed at the top and the bottom of the specimen in drained tests. A pressure pad of brass or gun metzl =
fitted into the box at its top to transmit the normal load to the sample. The normal load from the loading yoke
is applied on the top of the specimen through a steel ball bearing upon the pressure pad.

The lower half of the box is fixed to the base plate which s rigidly held in position In a large contamer.
The large container is supported on rollers (rollers not shown). The container can be pushed forward a 2
constant rate by a geared jack which works as a strain-controlled device. The jack may be operated manually
or by an clectric motor.

A Joading frame is used to support the large container. It has the arrangement of a loading yoke anc 2
lever system for applying the normal load. _

A proving ring is fitted to the upper half of the box to measure the shear force.The proving nng buis
against a fixcd support. As the box moves, the proving ring records the shear force. The shear dsplacement
is measured with a dial gauge fitted 10 the container. Another dial gauge is fitted 10 the top of the pressure
pad 10 measurc the change in the thickness of the specimen.

(P) Test. A so0il specimen of size 60 x 60 x 25 mm S taken. It may be cither an undisrbed sample or
made from compacted and remoulded soil. The specimen may be prepared direily in the box and compacted
The base piatc is attached (0 the lower hall of the box. A porous sione is placed n the hox. For undranal
tests, 3 plain gnid 1s kept on the porous sionc, keeping 1S segregations at nght angies 10 the darecton of shear
For dmained tesis, perforated grids are used insicad of plain grids. The mass of the base plate. porous sione
and grid # taken. The specimen if made separately 15 transfemred 10 the box and #s mass wken

The upper grid, porous sione and the pressurc pad are placed on the specimen. The box » placed inside
the large container and mounted on the Joading frame. The upper halfl of the box s brought 0 Contact wih
the proving ring. Iuloadmgyokcnm(mwdmmcucclbdlphowmu:m,.; e dsal ga:ge
is fisted 10 the container 1o give the shear displacement. The other dial gauge 1s mounied an the loatng yoke
10 record the vertical movement.

The kxking pins are removed and the upper halfl box 1 shghtly rased with the help of SpaONE sCTCws.
The space between the two halves is adjusied, depending upon 'be maxumum particle szc. The SPace shoulk:
be such that the top half of the box does not nNde on 801l grawns whisch come betwoon the CIRES.

m;mnalknduapplwdwpvcamalmdﬁkmm’ mugmmmaam
ot of sirain, MWMWMBMUNMIQ”pMQWQ“hY
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tests, the strain rate depends upon the type of soil. For sandy soils, it may be taken as 0.2 rnm/mm.,.‘

horizontal planc between the (wo halves. The readings of the proving-ring and the dial gauges arc taken ¢,

30 scconds. The test is continued till the specimen fails, The failure is indicated when the proving ring

gauge begins (0 recede after having reached the maximum. For the soils which do not give a peak poin |,

failure is assumed to have occurred when a shearing strain of 20% is reached. At the end of the (eg i)
specimen is removed from the box and its water content found. ,

The test is repeated under the normal stress of 50, 100, 200 and 400 kN/m*. The range of the Normy
stress should cover the range of loading in the ficld problem for which the shear parameters are requircd,m
shear stress at any stage during shear is equal to the shear force indicated by the proving ring divided by
arca of the specimen. A plot can be made between the shear stress and the shear strain. The shear straip 5

to the shear displacement (AH) divided by the length of the specimen (L). The shear stress is obiig,
ifrom the shear load indicated by the proving ring and the cross-sectional area.

Direct shear tests can be conducted for any one of the three drainage conditions. For U-U test, plain gy
@re uscd and the sample is sheared rapidly. For CU test, perforated grids are used. The sample is consoligzey

) sander the normal load and after the completion of consolidation, it is sheared rapidly in about 5—10 Minuiey
In a CD test, the sample is consolidated under the normal load and then sheared slowly so that excess pey
water pressure is dissipated. A CD test may take a few hours for cohesionless soils. For cohesive soils, it my
take 2 to S days.

The direct shear test is generally conducted on cohesionless soils as CD test. It is convenient to perfoy
and it gives good results for the strength parameters. It is occasionally used to determine the strengy

parameters of silt and clay under unconsolidated—undrained v
and consolidated drained conditions, but it does not offer
the fiexibility of a triaxial compression test, as explained
later.

13.12. PRESENTATION OF RESULTS OF DIRECT
SHEAR TEST

(@) Stress-Strain Curve. A stress-strain curve is a plot
between the shear stress t and the shear displacement
(AH/L) [Fig. 138 (a)]. In case of dense sand (and also
over-consolidated clays), the shear stress attains a peak
valie al a small strain. With further increase in strain, the
shear stress decreases slightly and becomes more or less
comstant, known as ultimate stress. In case of loose sands
4and nomally consolidated clays), the shear stress increases
Jradually and finally attains a constant value, known as the
ultimate stress or residual strength. It has been observed that
the ultimate shear stress attained by both dense and loose
sands tested under similar conditions is approximately the
same. The figure also shows the stress-strain curve of a e (b)
medium dense sand.

Generally, the failure strain is 2 to 4% for dense sand
and 12 (o 16% for loose sand.

- Fig. 13.8 (b) shows the volume changes with an
InCrease in shear strain for CD (ests. Since the
Cross-scctional area of the specimen remains unchanged, the
volume change is proportional to the change in thickness
measured by the dial gauge. In case of dense sands (and Dense sand

whercas for clayey soils, it is generally between 0.005 to 0.02 mm/min. The sample shears along ?, ()

Loose sand

ece | -Sritical_ void _ratio

he

over-consolidated clays), the volume first decreases slightly, 4_::

(©)  Fig. 13.8. Stress-Strain 0“.‘
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w it increases with further increase in strain. In the case of loose sands (and normally consolidated clays),
g volume decreases with an increase in’"shear strain. The figure also shows the curve for medium dense
and.
It may be observed that the void ratio of an initial loose sand decreases with an increase in shﬂlt nnm
shereas that for the initially dense sand increases with an increase in strain [Fig. 13.8 (c)). The void ratio at
which there is no change in it with an increase in strain is known as the critical void ratio. If the sand
mitially is at the critical void ratio, there would be practically no change in volume with an increase in shear
e, . .
| (b) Failure Envelope. For obtaining a failure envelope, a number of identical specimens are tested
{ ‘mder different normal stresses. The shear stress required to cause failure is determined for each normal
sess. The faiiure envelope is obtained by plotting the points corresponding to shear strength at different
X somal stresses and joining them by a straight line [Fig. 13.9 (a)). The inclination of the failure envelobe to

T
c
1
i (a) _"_ﬁ b & el
(b)
PN
éyy‘\ !
o\ L
(c)

Fig. 13.9. Failure Envelope.

e horizontal gives the angle of shearing resistance ¢ and its intercept on the vertical axis is equal to the
lon intercept c.
For dense sands, the failure envelope can be drawn cither for peak stress or for ultimate stress. The
;h‘ of the parameters ¢ and ¢ for the two envelopes will be different. For loose sands, the failure envelope
8tawn for ultimate stress, which is usually taken as the shear stress at 20% shear strain.
‘ h‘::) Mohr-Circle. In a direct shear test, the stresses on planes other than the horizontal plane are not
! OWn. It is, (herefore, not possible to draw Mohr stress circle at different shear loads. However, the Mohr
€ can be drawn at the failure condition assuming that the failure plane is horizontal.
Fig. 13.9 (b), the point B represents the failure condition for a particular normal stress. The M“”‘
I Q,al failure is drawn such that it is tangential to the failure envelope at B. The horizontal line BP gives
l z'ection of the failure plane. The point P is the pole. The lines PD and PA give the directions of 2w
%" and minor principal planes, respectively. The principal planes are also shown in Fig. 13.9 ().
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Merits. .
(1) The sample preparation is easy. The test is simple and convenient.
(2) As the thickness of the sample is relatively small, the drainage is quick and the pore
dissipates very rapidly. Consequently, the consolidated-drained and the consolidated- undrained

take relatively small period.
(3) It is ideally suited for conducting drained tests on cohesionless soils. :
(4) The apparatus is relatively cheap. ¢
Demerits.

(1) The stress conditions are known only at failure. The conditions prior to failure are mdcm“
thereiore, the Mohr circle cannot be drawn.

(2) The stress distribution on the failure plane (horizontal plane) is not uniform. The stresses a o
at the edges and lead to the progressive failure, like tearing of a paper. Consequently, e :
strength of the soil is not mobilised simultaneously on the entire failure plane. '

(3) The area under shear gradually decreases as the test progresses. But the corrected area camost!
determined and, therefore, the original arca is taken for the computation of stresses.

(4) The orientation of the failure plane is fixed. This piane may not be the weakest plane.

(5) Comrol on the drainage conditions is very difficult. Consequently, only drained icsis @m)
conducted on highly permeable soils. '

(6) The measurement of pore walter pressure is nol possibie. '

(7) The side walls of the shear box cause lateral restraint on the specimen and do not allow it w© & '
latcrally.

13.13. DIFFERENT TYPES OF SOILS
On the basis of shear strength, soils can be divided into three types.

(1) Cohesionicss soils. (2) Purely cohesive soils and ‘E:HE’
(3) Cohesive-frictional soils. b -

1. Cohesionless soils. These are the soils which do not have cohesion
i.c., ¢ = 0. These soils derive the shear strength from the intergranular friction.
These soils arc also called frictional soils. For cxample, sands and gravels.

2. Purely cohesive soils. These are the soils which exhibil cohesion but the
angle of shearing resistance ¢ = (. For example, saturated clays and silis under &
undrained conditions. These soils are also called ¢, ‘= 0 soils.

3. Cohesiverictional soils. These are composite soils having both ¢' and
¢'. Thesc are also called ¢—¢ soils. For example, ¢layey sand, silly sand, sandy
clay, elc.

[Note. Sometimes, cohesive-frictional soils are also called cohesive soils. R
Thus any soil having a value of ¢' is called a cohesive soil.] (a) ELE\‘“'ON

13.14. TRIAXIAL COMPRESSION TEST APPARATUS LY e
The triaxial compression test, or simply triaxial test, is used for the ~
determination of shear characieristics of all types of soils under different .
drainage conditions. In this test, a cylindrical specimen i siressed under -
conditions of axial symmelry, as shown in Fg. 13.10. In the first stage of the test, ca, X
the specimen is subjected 10 an all round confining pressure (0,) on the sides A ’
and al the top and the botlom. This siage is known a8 the consolidation stage. N
In the second stage of the test, called the M""lf stage, an udditional (b) PLA
axial stress, known as the deviator stross (0y), I8 applied on (he top of the

specimen through @ ram. Thus, the total stress In the uxial direction at the

IR IE
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gme of shearing is cqual to (o, + g,). It may be noted that when the axial stress is increased, the shear
aresses dovelop on inclined planes duc (0 compressive stresses on the top. '

The vertical sides of the specimen arc principal planes, as there are no shear stresses on the sides. The
afining pressure o, is equal 1o the minor principal stress (03). The top and bottom planes are the major
principal plancs. The total axial stress which is equal to the sum of the confining pressure and the dc"ia“?"
gress, i the major principal stress (o). Because of axial symmeltry, the intermediate principal stress (o) is

aiso equal to the confining pressure (o).

[Note. The above interpretation of the stress conditions in the triaxial test is not strictly correct
Lsccording 10 the theory of clasticity. In the case of cylindrical specimens, the three principal-siresses are
-n¢ axial, radial and the circumferential stresses. The state of stress is statically indetcrininate throughout
| e specimen. For convenience, in the triaxial test, the circumferential stress is taken equal to the radial
sress and the principal stresses o, and o3 arc assumed to be equal].

The main features of a triaxial test apparatus are shown in Fig. 13.11. It consists of a circuiar base that
| aas @ central pedestal. The pedestal has one or two holes which are used for the drainage of the specimen in
s drained test or for the pore pressure measurement in an undrained test. A triaxial cell is fitted to the iop of

@ basc plaie with the help of 3 wing
=8 (not shown in the figure) after the
} gecimen  has been  placed on  the
 pedestal. The triaxial cell is a perspex
~oyiinder which is permanently fixed to
#e top cap and the bottom brass collar.
There are three tie rods which support
% oell. The top cap is a bronze casting
%ith its central boss forming a bush
@rough which a stainless steel ram can
siide. The ram is so designed that it has
mmmum of friction and at the same
mme does not permit any leakage.
' There is an air-relcase valve in the top
- @p which 1s kept open when the cell is
{ied with water (or glycerine) for
#plying the confining pressure. An oil
vadve is also provided in the top cap to
il light machine oil in the cell to
educe the leakage of water past the
@ in Jong duration tests. The
Pparatus is mounted on a loading
frame. The deviator stress is applied 10

OIL VAVL

/— LOADING RAM

AR RELEASE wnvE
TOP

LOADING CAP

0-RING
RUBBER MEMBRANE

le— PERSPEX OLINDER
(Triarial celi)
POROUS STONE

PEDESTAL

SPECIMEN

PRESSURE
SUPPLY (3)

] - aLLAaR
N ;;>WI

N

Fig. 13.11. Triaxial Tes Apparatus.

“%e specimen from a strain-controlled loading machine. The loading system consists of either a screw jack
"erated by an electric motor and gear box or a hydraulic ram operated by a pump.

The triaxial test apparatus has the following special attachments. _

L. Mercury Control System. The cell pressure is a triaxial test in maintained constant with a
%if-compensating mercury control system, developed by Bishop and Henkel. Tt consists of two limbs of a
wateramercury manometer (Fig. 13.12). ‘The pressure in the water of the triaxial cell develops due 0 the
Sifference in levels of the mercury in the two pots. The water pressure at the centre of the speamen In the
Niaxia) cell, at a height of hy above the datum, can be calculated using the theory of manomelcrs. As the

""Qu'y surface in the upper pot is open Lo almosphcrc. the (gauge) pressure there is zero. From the

‘l m Ilﬂ - (b3~ hy) v, = o

Banomcicr cquation,
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Fig. 13.12. Meroary Coutrol Systiem.

where G, 5 the cell pressure a the cenire of the specimen,
7. 1s the unit weight of water, and
1. 1s the unit weight of merarry.
The above eguation can be simplified as
O = I (h.‘ -’12) + (hz—h3}7w 4134
Tbe!ppapmksmwdbyaqﬁng,mﬂxvolmcoﬂtcspcdmmmtocrﬁd:ﬂ“

or wilen the waicr leaks past the ram, water flows from the lower pot 10 the cell and the mercury keweiz ®

iower pot rises by a small amount Af. The mercury level in the upper pot would also f2ll by the sarc amog
if the two pots are of the same aoss-scational area. However, the différence of mercury leveks in the oo M
1S mzintained cunsiant by the spring. The stilness (k) of the spring is selecied such that it reduces zn":j
and causcs @ mise of the upper pol @s sooi as ‘s weight deqreases duc 10 flow of mercury. The sufinss)
ihe spning is given by
[ 1
k = e rerd
A3 (vm.)] " -8

where A = cross-sectional area of the mercury pot,

and W = weight of unit length of the tube filled with mercury which is also lified abowve the (o

2. Pore water Pressure Measurement Device. The pore waler pressure in the triaxial specme
Wpyanadﬁngnmuwmmmnmﬁg, 13.13. It consists of a null indicator in which no-

- dition is maintained. For accurate measurement, no- flow condition is essential because the flow of

a0 ‘hempkwlhcgaugcwmldmodifymcaamlmagniiudcorlhcpac waler pressure. Further, ¢
of watcr‘l'wds 10 @ time lag in the anainment of a sicady stale in samples of cohesive soils because of
permeability.

The null indicator is essentially a U-wbe partly filled with mercury. One limb of the mull indics®
coqnccu:d Lo the specimen in the triaxial cell snd the other limb is connected o a pressure gauge. A
Cylmdcr, Whld'l 18 filled with walcer, s altached to the sysum_ The waler can be d“pw b) 3
controlled piston in the controi cylinder. The whole system is fliled with deaired water. The tubes
the specimen and the null-indicator should be such that these undergo negligible volume changes ¢ |
pressure and are free from leakage.

Any change in the pore-waler pressure in the specimen tends Lo cause a movement of the mercury 5%,
in the null-indicator. However, the no-flow condition is maintained by making a corresponding change ® >

—
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Fig. 13.13. Pore Water Pressure Measurement Device.

other limbs by means of the control cylinder. Thus the mercury levels in the two limbs remain constant. The
pressure applied by the control cylinder is recorded by pressure gauge or the manometer.

If the specimen is partially saturated, a special fine, porous ceramic disc is placed below the sample &
he triaxial cell. The cerumic disc permits only pore water to flow, provided the difference between the pore
air pressure and pore water pressure is below a certain value, known as the air-entry value of the ceramic
disc, Under undrained conditions, the ceramic disc will remain fully saturated, provided the air-entry value
high. It may be mentioned that if the required ceramic disc is not used and instead the usual coarse, porous
disc is used, the device would measure air pressure and not water pressure in a partially saturated soil.

In modem equipment, sometimes the pore water pressure is measured by means of a transducer and not
by conventional null indicator.

3. Volume Changes Measurement. Volume changes
n @ drained test and during consolidation stage of a —TRIAXIAL CELL
consolidated undrained test are measured by means of a l"‘!
buretie connected to the specimen in the triaxial cell. For |
jccurate measurcments, the water level in the burette _j-nE/—PEDESTAL
should be approximatcly at the level of the centre of the BURETTE
pecimen (Fig. 13.14).

During consolidation stage, the volume of the ] 1L
pecimen decreases and the water level in the burette
ises. The change in the volume of the specimen is equal Fig. 13.14. Volume Change Measurcment.

0 the volume of the water increased in the burette, During shearing of specimens of dense sand when the
volume of the sample increases, the water flows from the burette to the specimen. The increase in volume of
he specimen I8 cqual to the volume of water decreased in the burette.

J.15. TRIAXIAL TESTS ON COIIESIVE SOILS

The following procedure is used for conducting the triaxial tests an cohesive soils.

(@) Consolidated-undruined test. A deaired, coarse porous disc or stone is placed on the top of the
)edestal in the triaxial test apparatus, A filter paper disc is kept over the porous stone. The specimen of the
ohesive soil i8 then placed over the filter paper disc. The usual size of the specimen is about 37.5 mm
liameter and 75.0 mm height, A porous stone is also placed on the top of the specimen. Deaired vertical filter
trips are placed al regular spacing around the entire periphery such that these touch both the porous stones.
(he sample in then enclosed in a rubber membrane, which is slid over the specimen with the help of g ¢
nembrane stretcher. ‘Ihe membrane is sealed to the specimen with O-rings.

o e ———— —— — — — — — ——

“L
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The triaxial cell is placed over the base and fixed to it by tightening the nuts. The cell is then fili, ‘
water by connecting it to the pressure supply. Some space in the top portion of the cell is filled by ey
oil through the oil valve. When excess oil begins to spill out through the air-vent valve, both the vz,
valve and air-vent valve) are closed. Pressure is applied to the water filled in the cell by connecting z
mercury-pot system. As soon as the pressure acts on the specimen, it starts consolidating. The specng
connected to the burette through pressure connections for measurement of volume changes. The consoliy
is complete when there is no more volume change. ’

When the consolidation is complete, the specimen is ready for being sheared. The drainage vz,
closed. The pore water pressure measurement device is attached to the specimen through the pey
connections. The proving ring dial gauge is set to zero. Using the manual control provided in the g
frame, the ram is pushed into the cell but not allowed to touch the loading cap. The loading machine 5
run at the selected speed. The proving ring records the force due to friction and the upward thrust acx;
the ram. The machine is stopped, and with the manual control, the ram is pushed further into the cell &
it in contact with the loading cap. The dial gauge for the measuring axial deformation of the specime: 1,
o zero.

The sample is sheared by applying the deviator stress by the loading machine. The proving ring reax
are generally taken corresponding to axial strains of 1/3%, 2/3%, 1%, 2%, 3%, 4%, 5%, ...until fzimz)
20% axial strain.

Upon completion of the test, the loading is shut off. Using the manual control, all additional axizl =
is removed. The cell pressure is then reduced to zero, and the cell is emptied. The triaxial cell is unsces
and removed from the base. O-rings are taken out, and the membrane is removed. The specimen 53
recovered afier removing the loading cap and the top porous stone. The filter paper strips are peeled of
post- shear mass and length are determined. The water content of the specimen is also found.

() Unconsolidated Undrained test. The procedure is similar to that for a consolidated-undraine =
with one basic difference that the specimen is not allowed to consolidate in the first stage. The drainage =
during the test is kept closed. However, the specimen can be connected to the pore-water prss
measurement device if required.

Shearing of the specimen is started just after the application of the cell pressure. The second saf
cxactly the same as in the consolidated-undrained test described above.

(c¢) Consolidated Drained test. The procedure is similar to that for a consolidated-undrained test ®
onc basic difference that the specimen is sheared slowly in the second stage. After the consolidation o!

specimen in the first stage, the drainage valve is not closed. It remains connected to the buretie throu
the test. The volume changes during the shearing stage are measured with the help of the burette. As:
permeability of cohesive soils is very low, it takes 4-5 days for the consolidated drained test.

13.16. TRIAXIAL TESTS ON COHESIONLESS SOILS

Triaxial tests on specimens of cohesionless soils can be conducted using the procedure as describod’
cobesive soils. As the samples of cohesionless soils cannot stand of their own, a special procedure is !’
preparation of the sample as described below.

A metal former, which is a split mould of about 38.5 mm internal diameter, is used for the prepe™
of the sample (Fig. 13.15). A coarse porous stone is placed on the top of the pedestal of the triaxial bast. *
the pressure connection is attached to a burette (not shown). One end of a membrane is sealed to the peic
by O-rings. The metal former is clamped to the base. The upper metal ring of the former is kept insi"
fop end of the rubber membrane and is held with the help of a clamp before placing the funnel and the U™
bung in position as shown in figure.
~ The membrane and the funnel are filled with deaired water. The cohesionless soil which is to be &
IS saturaled by mixing it with enough water in a beaker. The mixture is boiled to remove the entrapped
The saturated soil is deposited in the funnel, with a stopper in position, in the required quantity. The §
rod is then removed and the sample builds up by a continuous rapid flow of saturated soil in the former. v

D aiaaatas e a
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theny removed. The sample may be
gunncl IS if required. The surface of the @/—GLASS ROD
L com

X ijs leveled and a porous .stonc is
jr depkm its top. The loading cap is placed
on the top porous stone. O-rings are

fixed over the top of the rubber membrane. —
A small negative pressure is applied to
ghe samplc by lowering the burette. The AUBBER TUBING
S jve pressure gives rigidity to the sample STOPPER
’ it can stand without any lateral support. RUBBER  BUNG

sample of 37.5 mm diameter, a negative
pressure of 20 an of water (or 2 kN/mz) is METAL RING

sufficient. As soon as the negative pressure is ~~ pT—7 CLAMP
spplied, the consolidation of the sample

oocurs and it slightly shortens. The diamcter CIRCLIP

of the upper porous stone shc?uld be shghtl_y N

smaller than that of the specimen so that it STONE METAL FORMER

can go inside when the sample shortens;
otherwise, a neck is formed.

The split mould is then removed, and the - 0-RINGS
diameter and the height of the sample are W PEDESTAL
measured. The thickness of the membrane is BASE
deducted from the total diameter to get the N
> TO BURETTE

nct diameter of the sample. The cell is then \
placed over the base and clamped to the base.
It is then filled with water.

The rest of the procedure is the same as Fig. 13.15. Preparation of Sample of Cohesionless Soil.
for cohesive soils.

S SSSSSSSS

13.17. MERITS AND DEMERITS OF TRIAXIAL TEST
The triaxial test has the following merits and demerits.

Merits. :

(1) There is complete control.over the drainage conditions. Tests can be easily conducted for all three
types of drainage conditions.

(2) Pore pressure changes and the volumetric changes can be measured directly.

(3) The stress distribution on the failure plane is uniform.

(4) The specimen is free to fail on the weakest plane.

(5) The state of stress at all intermediate stages upto failure is known. The Mohr circle can be drawn at
any stage of shear.

(6) The test is suitable for accurate research work. The apparatus is adaptable to special requi :
such as extension test and tests for different stress paths.

Demerits.
(1) The apparatus is elaborate, costly and bulky.
(2) The drained test takes a longer period as compared with that in a direct shear test.
(3) The strain condition in the specimen are not uniform due to frictional restraint produced by the
loading cap and the pedestal disc. This leads to the formation of the dead zones at each end of the

specxmcn. e
yJ _a— a

”
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The non-uniform distribution of stresses can be largely eliminated by lubrication of end sy,
However, non-uriform distribution of stresses has practically no effect on the measured wg._'.‘.; !
length/diameter ratio is equal to or more than 2.0. o
(4) It is not possible to determine the cross-scctional arca of the specimen accurately at large strag, .
the assumption that the specimen remains Cylindrical does not hold good. |
(5) The test simulates only axis-symmetrical problems. In the field, the problem is ges.,
3-dimensional. A general test in which all the three stresses are varied would be more usefy]
(6) The consolidation of the specimen in the test is isotropic; whereas in the field, the consolida,
~ generally anisotropic.
Despite the above-mentioned demerits, the triaxial test is extremely useful. It is the only relizble iy
accurate determination of the shear characteristics of all types of soils and under all the drainage condigy

3.18. COMPUTATION OF VARIOUS PARAMETERS

(@) Post-Consolidation Dimensions. In consolidated-drained and consolidated-undrained tess
consolidation of the specimen takes place during the first stage. As the volume of the specimen decreass
post-consolidation dimensions are different from the initial dimensions. The post consolidation dimensions 3
be determined approximately assuming that the sample remains cylindrical and it behaves isotropically. ,
L, D;, and V; be the length, diameter and the volume of the specimen before consolidation. Let LQ,D'ﬂ_ 3

V, be the corresponding quantities after consolidation.

Therefore, volumetric change, AV, =V, — V
The volumetric change (AV;) is measured with the help of burette.

. : AV
Volumetric strain, g, = A
For isotropic consolidation, the volumetric strain is three times the linear strain (g;). Thus

£ = ;73

Thus Lo=Li-AL;=L;-L; x g
or Lo=L;(1-¢)=L; (1-¢/3) (I
Likewise, Dy = D;(1 - &/3)

The post consolidation diameter Dy can also be computed after Lo has been determined from the rels

(n/4 - DY) x Ly = Vy

Vo
TV (n/4) x Ly
(b) Cross-sectional Area During Shear Stage. As the sample is sheared, its length decreases an'’
diameter increases. The cross-sectional area A at any stage during shear can be determined assuming lhi,‘
sample remains cylindrical in shape. Let ALg be the change in length and AV, be the change in volume "‘
volume of the specimen al any stage is given by Vo = AVq.

or Dy AR

Therefore, Al - &Ly = Vo » &V,
(1 49
Vi Vi
- Aoz AN 1
l.o - Al.o ALO "‘("
Lo

Eq. 13.18 is the general equation which gives the cross-sectional area of the specimen.

The above equation can be writlen s
e —TTTTTT “
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1 A Vo 1= -——-A Vo)
Aol * Vo Ao Vo

- — = .(13.19 |
A= (-8 (1 - &) )
&%, Bitoe xaal strain in the sample.
e sndrsinad tost, & the volumetric change (AVo) is Zer0, EQ. 13.19 becomes
PR ...(13.20)
1 - ¢
Sgeesiesses 0 the specimen at various stages of shear should be calculated using the cross-sectional area A

== Sand sbove.

e correction so applied is known as area correction.

§9 Stressss (i) Deviator stress. The deviator stress (o) acting on the specimen when the axial load
appilied by toc loading machine is P can be obtained as

P
ou=7 ...(13.21)

e @ izior sress (o) is equal (0; - 03)

B may b noted that the load indicated by the proving ring is slightly more than P because of friction on
= tam @nc the upward thrust on the ram due to pressure of the water in the cell. The correction can be
desemmined scparately.

A more convenient procedure is to lift the ram above the specimen when the cell pressure has been
applied. The machine is started keeping the strain rate the same as to be used in the actual test. The proving
=mg secords the load. To account for correction, the dial gauge on the proving ring is set to zero to indicate
2= Ioad. This automatically compensates the ram friction and the upward thrust on the ram due to cell
peessewe. Thus the load indicated by the proving ring during shear would be equal to the load P applied to

(&) Principal stresses. The minor principal stress (o3) is equal to the cell pressure (o.). The major
scimcipal stress (o) is equal to the sum of the cell pressure and the deviator stress.

Thus o, = 03 + (0] - 03) '

or O; = O3+ Oy ...(13.22)
(&) Compressive strength. The deviator stress al failure, r’]ﬁ
©:—o3)y, is known as the compressive strength of the soil.

13.19. PRESENTATION OF RESULTS OF TRIAXIAL
TESTS

{@) Stress—Strain Curves. Drained Test. Fig. 13.16 (a)
_ sows fhe siress—strain curve for a drained test. The y-axis
shows the deviator stress (0, -0;) and the x-axis, the axial
sirain (g,). For dense sand (and over-consolidated clay), the

Loose sand
(N.C.C.)

deviator stress reaches a peak value and then it decreases and o RSy T T
becomes almost constant, equal to the ultimate stress, at large + Dense sandi&
strains. For loose sand (and normally consolidated clay), the (0.c.C.)
deviator stress increases gradually till the ultimate stress is —
reached. 0

The volumetric strain is shown in Fig. 13.16 (b). In denseay_
sand (and over-consolidated clay), there is a decrease in the Y Loose 'sand

volume at low strains, but at large strains, there is an increase ~ (b) Volumetric strain (NC.C.) |
in the volume. In lJoose sand (and normally consolidated clay), pig. 13.16. Stress-strain Curve for Draine
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SAND )

(a) STRESS -STRAIN CURVE

- C

OVER CONSOLIDATED CLAY (0OCC)
(DENSE

NORMALLY CONSOLIDATED CLAY (NCC)
(LOOSE SAND)

(LOOSE SAND)
NORMALLY CONSOLIDATED CLAY

(b) PORE PRESSURE

S~

OVER CONSOLIDATED CLAY
(DENSE SAND)

Fig. 13.17. Sterss-Strain Curve, CU Test.
volume decreases at all strains. (For some loose sands, there is a slight tendency to increase in the voiz P

large strains).
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Consolidated—undrained test. Fig. 13.17 (a) shows the stress-strain curve for a consolidated—undram: .
test. The shape of the curves is similar to that obtained in a consolidated-drained test. In a oonsol;dz..'- |
undrained test, there is an increase in the pore water pressure throughout for loose sand (and porms®
consolidated clay), as shown in Fig. 13.17 (b). However, in the case of dense sands (and over- consom
clay), the pore water pressure increases at low strains but at large strains it becomes negative (i

atmospheric pressure).

(b) Mohr Envelopes. For drawing the failure envelopes, it is necessary to test at least three sampkss
three different cell pressures in the stress range of interest. For dense sands and over-consolidated clays, =
failure envelope can be drawn either for the peak stress or for the ultimate stress. For loose sands =

normally consolidated clays, the failure envelope is
drawn for the ultimate stress, which is usually taken at
20% strain. Further, the failure envelope can be drawn
either in terms of effective stresses or in terms of total
stress. Of course, the two envelopes will give different
values of strength parameters (c and @).
Britlleness /g is expressed as

Peak strength — Ultimate strength

Ultimate strength

(i) Effective Stresses. Fig. 13.18 (a) shows the
ailure envelope for a normally consolidated clay in
erms of effective stresses obtained from a
-onsolidated drained test. The failure envelope has an
angle of shearing resistance of ¢ and passes through
origin, First the Mohr circles for the three tests are
drawn in terms of cffective stresses corresponding to
ailure conditions. Then the best common tangent is

wn to the three circles. The common tangent is the

Ig =

o

:

]
,//
i M £ (D
(o) Failure envelope for normolly consolidoted
(effective slresses)
e
ﬂ s

(b) Failure envelope for over - consolidoted oY
(effeclive siresses)

Fig. 13.18. Failure Envelopes (effective stress).

»
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.:;MS the failure critenion. Obviously, the common tangent joins all such points of the three
s for somally consolidated clays, shear strength s
s = otang'. |
fg 1318 (b) shows the failure envelope for overconsolidated cizv in terms of Cﬂ’f:ctxve stresses. m
*gmrsslightlyantdinﬂnim&alpmmmfaom\mmgsappmxma}cd'asamgm
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& ower-consolidated clays, shear strength IS
s=c +0tang
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."dussacapg-oximatclyeqnmLDrainedtwsmdmscmﬂsandm-axmhdacdcbysg?veshgmy
vﬁxsofo'ductoemawmtreqlﬂmdduingdﬂaion(inaminvolumc)bmmedxffermrs
small and, therefore, usually neglected.
(i)hdm.mfaﬂmemvaopcmtmoftomlmmnbcmmlhemrsuhso{a
ained test .
Mhmﬁda&-dahedmmcmmlmmaboMtomceﬁmmsmm
wamer pressure throughout is zero].
‘n:ﬁihtccm\:lopesamsimilarinmapetothaintermofcﬁecﬁvembmmevahmofthc
-#[nmqsarequediﬁermt.ﬁg.13.195h0wstbefaﬂmeeuvelopﬁforeffedivesumandaho
S total stresses for a normally consolidated clay. The
, mpic of shearing resistance in terms of total stresses
f6_) s much smaller than that for the effective stresscs T
EFFECTIVE

o)
In the case of pommally consolidated clays, shear STRESS

swcagrh is
s = otan ¢, TOTAL STRESS
Fig. 1320 shows the failure envelope for an
-umﬁthcddzyintamsoftotalstm'lbe
*dmmﬁm@“)ismuchsmanerthm e
kmgk¢'ouainedintetmsofeﬁedjvestrmlnthe
case of overconsolidated clays, sbearstrengm is Fig. 13.19.
§ = Cq + Olan @
mmdMgm&meammmmtmmmsmmsm

‘ angle of shearing resistance.

'
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-
SEJ 1) [(2) [3)
=

Failure envelope for over - consolidated clay
(Total stresses)
Fig. 13.20. Strength Envelope.
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* EFFECTIVE STRESS CIRCLE TOTAL STRESS CIRCLES
/ FALURE ENVELOPE
- $:0
o Y
’ \

8 o

I L |

]

Fig. 13.21.

Fig. 13.21 shows the failure envelope in terms of total stress obtained from an unconsolidated-undyy,
test on a normally consolidated clay. The failure envelope is horizontal (¢ = 0), and has a cohesion intery
of c,. In this case, shear strength is § = c,. The failure envelope for an over-consolidated clay i
horizontal, but the value of ¢, will be more, depending upon the degree of overconsolidation.

For an unconsolidated-undrained test, the failure envelope cannot be drawn in terms of effective sireyy |
In all the tests conducted at different confining pressures, the effective stress remains the same. This 5

to the fact that an increase in confining pressure results in an equal increase in pore water pressure fi
saturated soil under undrained conditions. Thus only one Mohr circle (shown dotted) in terms of effecy |
stresses is obtained from all the three tests. It may be noted that the deviator stress at failure is the same;

all specimens.
13.20 EFFECT OF CONSOLIDATION PRESSURE ON UNDRAINED STRENGTH

As discussed in the preceding section, the shear strength of a cohesive soil under undrained condia

depends upon the consolidation pressure. If a remoulded specimen of saturated clay is first consolidated g |
a confining pressure, say (o), and then sheared under undrained conditions, with different confis

pressures, the deviator stress is independent of the cell pressure. The failure envelope is horizontal and:
cohesion intercept is c,; [Fig. 13.22 (a)]. '

Lo

: - ¢u=0 _
[ KON NN
T (a) -f (b)

Fig. 13.22. Effect of Consolidation Pressure on C,

The reader should carefully note the difference between the conventional consolidated-undrained &
discussed earlier and the test described in this section. In the former, each specimen is consolidated un!
certain pressure, equal to confining pressure, and then sheared under undrained conditions with the same®
pressure. Thus, only one Mohr circle at failure is obtained for one confining pressure. In the latter, @ %'
specimens are consolidated under the same confining pressure and then sheared with different cell pres®
Thus, a number of Mohr circles at failure are obtained in which the deviator stress at failure is the samé:
all specimens.

If another set of identical specimens is consolidated under another pressure, say (o.),, and then shed
under different cell pressure, another horizontal failure envelope is obtained with the cohesion intercep*
[Fig. 13.22 (b)]. Likewise, the test can be repeated after consolidating the set of specimens under ﬂ"“”‘
pressure, say (o,);. It is observed that the greater the consolidation pressure, the greater the undrained &
strength represented by the cohesion intercept. Fig, 13.23 shows a plot between the consolidation presﬁu“p
the undrained strength. The plot is a straight line for normally consolidated clays.
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Fig. 13.23. Cy - o Plot for Normally consolidated Clay.

or oversconsolidated clays, there is a discontinuity in the plot between ¢, and o at a pressure equal to
wecoasolidation pressure (G,), as shown in Fig. 13.24.

Cub

OVER-CONSOL IDATED
CLAY

NORMALLY
CONSOLIDATED  CLAY
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Fig. 13.24. Cy — o Plot for Over-consolidated Clay

£321. RELATIONSHIP BETWEEN UNDRAINED SHEAR STRENGTH AND EFFECTIVE
OVERBURDEN PRESSURE _

A relafionship can be obtained between the undrained ¢

sirength (c,) and the effective overburden pressure o; for a |
sormally consolidated natural deposit. Fig. 13.25 shows the bu= i &
Mohr circle in terms of total stresses obtained from a = / Ml
comventional CU test conducted at a confining pressure of r—
o om a mormally consolidated clay. Cu
< |
& mgtry __&__ = sin Peu =
’ O3 + C l.,_ 5-3 —'i'_cu—-‘
O3 + Cy 1
- Cy sin ¢, Fig. 13.25. Relationship between Cy, 03 and &cu.
(02 1 - 1-sin ¢cu 06
= e o SiN G i
Cy sin ¢, 0-4f
or - i 03}
03 1 = Sln ¢¢'Il cu
The ratio c, /03 is a conslant for a given clay. & o2 S .o+ 0-0037P1

suggested that a similar constant ratio exists i 3
between the undrained shear strength of normally 00 bbbl K e 20
comsolidated natural deposits and the effective -
overburden pressure. It has been established that the P
ratio (¢, / O) is constant provided the plasticity index Fig. 13.26. Plot Betweea Co/3 and & y
h &

— b
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(PT) of the sodmmams constant (Fig. 13_-26)- An approximate value of the undrained shear streng
consolidated deposit can be obtained from Fig. 13.26, if the plasticity index has been determy,,

The relationship is expressed as (Skempton, 1957).

%‘i = 0.11 + 0.0037 PI |

where ¢, = undrained cohesion intercept,
o = effective over-burden pressure
PI = plasticity index (%)
The value of the ratio (c, / ) determined in @ consolidated-undrained test on undisturbed samply ,

greater than actual value because of anisotropic consolidation in the ficld. The actual value fs b,
by in-situ shear vane test, as explained later.

£22. UNCONFINED COMPRESSION TEST
The unconfined compression test is a special form of a triaxial test in which the confining pressyr
gero. The test can be conducted only on clayey soils which can stand without confinement. ‘The (ey
gencrally performed on intact (non- fissured), saturated clay specimens. Although the test can be conducy
in a triaxial test apparatus as a U—U test, it is more convenient to perform it in an unconfined compressiq,
testing machinc. There are two types of machines, as described below.
(1) Machine with a spring. Fig. 13.27 shows the unconfined compression testing machine in which ;
loaded spring is used. It consists of two metal cones which are fixed on horizontal loading plates B and (
on the vertical posts D. The upper loading
plate B is fixed in position, whereas the lower plate C
can slide on the vertical posts The soil specimen is
placed between the two metal cones. F
When the handle is turned, the plate A is lifted -
upward. As the platc A is attached to the plate C, the
latter plate is also lifted. When the handle is turned
shwly,zaspeedofabwttmlfatmpersecond,a
compressive force acts on the specimen. Eventually, the Y
specimen fzils in shear. The compressive load is
proportional to the extension of the spring. Spring
The strain in the specimen is indicated on a chart D
fixed to the machine. As the lower plate C moves Fixed plate
upward, the pen attached (o this plate swings sideways. P —_—
The laaal wmmt of the pen (in arc) is proportional . ‘;{:)‘:_\
to the strain in the specimen.
The chart plate is attached to the yoke Y. As the [
yokcmq)w.a‘d when the handle is rotated, the chart ]
plate moves vpward. The pivot of the arm of the pen
also moves upward with the lower plate. The vertical Fig. 13.27. Unconfined Compression Testing
movement of the pen relative to the chart is equal to the Machine (Spring Type).
extension of the spring and hence the compressive force. Thus the chart gives a plot between the deformai®
2nd the compressive force. Springs of different stiffnesses can be used depending upon the cxwd"’
compressive strength of the specimen.
Q) lhdin with a Proving Ring. In this type of the unconfined compression testing machin¢, ’
oving ring is used 1o measure the compressive force (Fig. 13.28). There are two plates, having cone sealinf’
the specimen. The specimen is placed on the bottom plate so that it makes contact with the upper p¥°
¢ dial gauge and proving ring are set to zero.
The compressive load is applied to the specimen by turning the handle. As the handle is turned, the upp
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Handle
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Autga
recording:
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moves downward and causes compression. (In some
gachines. the upper plate is fixed and the compressive Joad i
‘qﬂbymm)owaphu\.mhlﬂkismxﬁ
gﬂﬂlysostoproduamanalmqflmlmZ%pu
minute. The shearing is continued till the specimen fails or ull
20% of the axial strain oocurs, whichever s carber.
reading, and the axial strain is found from the dial gauge
- eading.

Presentation of Results. In an unconfined compression lesL,
the minor principal siress (03) is zero. The major principal stress
() is equal 10 the Geviator stress, and s found from Bg. 13.21.

o, = P/A

where P = axial load,

and A = area of cross-section.

The axial stress at which the specimen fails s known 2
the unconfined compressive strength (g,). The stress- sirain
crve can be plotied between the axial stress and the axial
strain at different stages before failure.

While calculating the axial stress, the area of cross-section . -
of the specimen at that axial strzin should be used. The Fg. 1328 Uacoafimcd Comgeession etmg
corrected area can be obtained from Eg. 13.20 as

A =Ay/(1-¥)
? mMonxdeambcdzwnfasﬂmamdiimﬁfaﬂm&Asﬁ:mmmm’smm
Mdckmthmgbmcaiginflgl329).1bcfﬁhlcmhpzsmig=ﬁ}ﬂrm
intercept is equal to the radius of the circle, Le.

s=c,=%=22'- (1329
‘r
|
Cu
Y L
>c
=9 ———

Fig. 13.29. Mohr Circle for Unconfined Compression Test.

Merits and Demerits of the test
(1) The test is convenient, simple and quick.
2 nsmmwwfammmwwmwamwap
?3) Tbcsalsiﬁvilyoftbcsoilmybccxilydaamwbycunnhgmeummmlbﬁm

_— and then on the remoulded sampic.
Aot

N,
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Demerits
(1) The test cannot be conducted on Missured elays,
(2) The test may be misleading for sofly 108 Which the angle of shearing reaistance |8 not zero. Fy
soils, the shear strength is not equal to hall the compressive strength,
(See Chapter 30, Sect. 30,17 for the laboratory experiment),

13.23. VANE SHEAR TEST

The undrained shear strengih of soft clays can be determined in a laboratory by a vane shear fey .
test can also be conducted in the field on the soil at the bottom of a bore hole. The field test g,
performed even without drilling a bore hole by direct penetration of the vane from the ground surface f,,
provided with a strong shoe to protect it,

The apparatus consists of a vertical steel rod having four thin stainless .
stoel blades (vanes) fixed at its bottom end. IS : 2720--XXX--1980 v . ﬁ
recommends that the height M of the vane should be equal to twice the pv
overall diamcter . The diameter and the length of the rod are

recommended as 2.5 mm and 60 mm respectively. Fig. 13,30 (@) shows a o
vane shear tesl apparatus, p——_— £>
For conducting the test in the laboratory, a specimen of the size 38 %

mm diamecter and 7S mm height is taken in a container which is fixed
securely to the base. The vane is gradually lowered into the specimen till
the top of the vanc is at a depth of 10 to 20 mm below the top of the e
specimen. The readings of the strain indicator and torque indicator are
taken.

Torque 1s applied gradually to the upper end of the rod at the rate of 25
about 6° per minute (ie. 0.1° per second). The torque acting on the - -
specimen is indicated by a pointer fixed to the spring. The torque is b= 12mm-={
continued till the soil fails in shear. The shear strength of the soil is ELEWTON
determined using the formula derived below.

Derivation of Formula. In the deviation of the formula, it is assumed t
that the shear strength (s) of the soil is constant on the cylindrical sheared T”""
surface and at the (op and bottom faces of the sheared cylinder. The torque PLAN
applied (7) mus! be equal to the sum of the resisting torque at the sides (2
(T) and that at the top and bottom (T,). Thus, o

Tl + 7T, (@)
The resisting torque on the sides is equal to the resisting force

developed on the cylindrical surface multiplied by the radial distance.
Thus, (®)

Iy = (sxDH) x D/2 «(b) Fig. 13.30. Vane Shear Test

The resisting torque T, due to the resisting forces at the top and bottom of the sheared cylinder ¥

determ(b)] Thmed by the integration of the torque developed on a circular ring of radius » and width dr [Fig 1
. Thus.

|-

DA r3 D72
a=2f [S(w)dr]'-‘““[';]
B 1]

or . Tz-m%

From Egs. (), (b) and (c), T = ns[D*H/2 + D*/6)
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o 3 6) -..(13.27)
’ x(D*H/2 + D*/6)
por example, if D = 1.2 cm, and H = 2.4 cm, 5= 01587
where T is in N-cm and s in N/cm?. -
'13.27 is modified if the top of the vane is above the soil surface and the depth of the vane inside the
gmplc 18 H,. In such a casc.
i T s
x(D*H,/2 + D'/12)
The shear strength of the soil under undrained conditions is equal to the apparent cohesion c,.

The vane shear test can be used to determine the sensitivity of the soil. After the initia} test, the vane is
oated tapidly through several revolutions such that the soil becomes remoulded. The test is repeated on the
emoulded soils and the shear strength in remoulded state is determined. Thus,

(s) undisturbed
(s) remoulded

Scnsitivity (S,) =

Merits and Demerits of Shear Vane Test

Merits.
(1) The test is simple and quick. .
(2) 1t is ideally suited for the determination of the in-situ undra
saturated clay. '
(3) The test can be conveniently used to determine the sensitivity of the soil.
(1) The test cannot be conducted on the fissured clay or the clay containing sand or silt laminations.
(2) The test does not give accurate results when the failure envelope is not horizontal.

1324. PORE PRESSURE PARAMETERS

A knowledge of the pore water pressure is essential for the determination of effective stresses from the
i@l stresscs. The pore water pressure is usually measured in the ficld by installing piezometers. However, in
some cases, it becomes difficult and impractical to install the piezometers and‘me?sune the pore watcr
pressure directly in the field. For such cascs, a theoretical method for the determination of the pore water
Pressure s useful, Skempton gave the pore pressure paramelers which express the response of pore pressure
due 10 changes in the total stresses under undrained conditions. These parameters are used to predict pore
water pressure in the field under similar conditions. The expressions for pore pressure parameters are derived
scparately for isotropic consolidation, for deviatoric stress and for the combined effect.

-
q -

om0

ined shear strength of non-fissured, fully

/""2

PORE  PRESSURE : u, PORE  PRESSURE = y,4 & uy
PORE PRESSURE INCREASE = &ug
(a) (b) ’

Fig. 13.31. Pore Pressure Under Isotropic Consolidation.
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