CHAPTER VII

FRESENTATION, ANALYSIS AND DISCUSSION
OF EXPERIMENTAL RESULTE

7.1l. Presentation of Results

Experimental schedule prepared as given in Table
5.1 has been followed for the investigation of the influence
of various factors on the consolidation characteristics of
clays. It is proposed to present the data, observations
and results according to the following scheme. The details
of the materials tested, equipments employed and laboratory
observations from consolidation tests are given as
Appendix in Volume No. II. A detailed index of the gbove
appendix }s prepared and presented below to serve as guide
to all experimental data.

These experimental observations are proposed to be
analvsed and discussed from fundamental considerations. It

is proposed to compare these experimental results with those
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from theory discussed in Chapter IV, The theoretical values
computed are presented in Volume II as Appendix G.

7.2. Determination of Parameters

7.2.1. Co~efficient of Consolidation
In the present work the Naylor-Doran (1948) curve fitting

v method is employed to determine the coefficient of consolidation,
Cv . The method is based on the theory of distribution of errors
to evaluate the corréct value fitting with the experimental
curve, It is known that square root method (Taylor 1942) cannot
take into account the final reading while the log time method
(Casagrande 1936) is unable to mark initial reading leading to
errors in the general curve. A stepwise procedure for the
determination of co-efficient of consolidation is explained in

terms of an actual example as given in Table 7.3.

!

(i) Note initial {; and final Q'dial gauge readings
from root time curve (Fig. 7.1) and log time curve (Fig. 7.2)
respectively. In this example J; = 1112 and ng = 690.

(ii) Plot log(l - U') against time in minutes as shown in
Fig. 7.3.

(iii) Set up one tangent at (1 - U') = 0.4 and another'one
at (1 ~ U') = 0.2. Measure ordinates corresponding to zero time
and any other convenient time.\In the example, the values are
(L - U™ =0.63, (1 - usf™0 = 0.78 and (1 - v) 520 = 0,21,

04 0;2
(1 - U'%f22°= 0.195. Put the values obtained on the chart
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Table 7.3. Determination of Co-efficient of Consolidation
by Naylor-Doran (1948)method.

Sample : Ill-Sat-Casa Load Intensity : 0.8 kg'/cm2
Clock Time  Diag Gau- . 5i=11{2 d£=660 di=112 d£=690
Time (Mnts) ge Reading d -ﬁ; i-u* g 1 U'—‘§~J%
x 10™%inch. = {”{5 d=dp  1-U'= i~ o
di ¢
10an. 0 1129 0 452 1.0 432 1.0
1/4 1065 64 405 0.896 375 0.867
1 1040 89 380 0.752 350 0.81
2k 975 154 315 0.697 285 0.66
4 929 200 269 0.594 239 0.554
6z 883 246 223 0.492 193 0.447
9 944 285 184  ,0,407 154 0.349
12% 808 320 148 0.328 118 0.274
16 784 345 124 0.274 94 0.217
204 756 373 96 0.212 66 0.152
25 734 395 74  0.163 44 0.102
36 700 429 40 0.088 10 0.023
49 682 447 22 - - -
66 670 459 10 - - -
90 657 471 - - - -
12-40pm 157 646 483 - - - -
1-30 207 641 488 - - - -
2-30 267 637 492 - - - -
5-00 417 631 498 - - - -
6-15 492 627 501 - - - -
7-30 567 626 503 - - - -
10am. 24 hours 617 514 - - - -
h = .7543 € = - 0.075 i = § —edi  66040.075x111
h =-.0690 1= * 0.01 £ 1 -¢ = 1.075
= = 0.567 52 ‘ = 890
RN /dgo o ditnée 11240012690
h_~ 1.4296 = 0.0206d7, i 1+ ~ T Io0.0
= 0.0024 in2/Mnt = 1108
= .7198
d_,~ .3599 B = <7543
hgy =-.0725
dav= -1295 hgy = .6818  dgg= .1162
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(fig. 7.4) and draw diagonals between these points whose
intersection determines the value ¢ on the absicca of the
chart. In this example value of ¢ = -0-075 , Find the

correct value of the final reading by the formula :

, i
cf.s - & d
t- G

In this case Jt = 690

dy -

(iv) Now replot log (1 - U') using the correct Value,dk
against time as shown in Fig. 7.3. Extend the straight portion
backwards to read off the intercept on (1 - U') axis. In thi§
example the Value'ié 0.8l. Using this value of intercept determin:
the value 6f N from the chart (Fig. 7.5). In this particular
example TN = %.0l. Find the correct value of the initial

reading by the formula :

g = it
!+TL

Here in the example d; works out to be 1108,
(v) Measure the time for 80% cohsolidation from log time

curve (Fig, 7.2). In this examplé, tgo = 27.5 minutes.

(vi) Determine the coefficient of consolidation ¢, by the

following relation : 2
' ey = Too %o

tso

where Tgp is the theoretical time factor. In this example,

Tgofor Terzaghi theory (P = 0) is 0.567 and d,, = .3404

80
inch. Thus, ¢, for fitting with Terzaghi theory is .0024 in%/Mt.
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Similarly, ¢, is detemmined for ether values of P.
7.2.2. Compression Index

The classical definition of the compression index, Cc, 1s
the slope of the straight line portion of a virgin compression
curve. In the present work the definition is same except that
the slope has been worked out at various intervals of pressure
and void ratio taking the portion under consideration as
straight line. Example illustrated by the Table 7.4 presents
the method of determination. Fig. 7.6 represents the void
ratio-effective stress plot for the sample illustrated.
7.2.3. Degree of Secondary Compression

In order to measure the influence of various physico-~
chemical factors which causela time lag other than the
hydrodynamic lag, a parameter giving the percentage of
secondary compression in a total consolidation designated as
degree of secondary compression is used. The value of this
parameter, is determined by separating the value of secondary
compression as per Naylor-Doran method (1948). The evaluation
of this parameter is illustrated by an example given in Table
7.56. Fig. 7.7 represents the dial gauge reading versus leg time
plot .for the sample used in the example.

72,4, Parameter 'P!

'P' is a lumped parameter which accounts for the physico-

chemical and mechanical factors in terms of deformability.



Table 7.4. Determination of Compression Index

133

Load Average P o Ae
Intensity Load Log (%) = # Ae c = A
Kg [erm? Intensity "1 '
0.1
0.15 1.02 3.39
0.2
0.3 1.75 5.82
0.4
0.6 0.301 1.2 6.315
0.8
1.2 1.2 3.9¢
1.6 )
2.4 0.9 2.99
3.2
4,8 1.0 3.32
6.4
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P = 0 represents a Terzaghi classical case which ignores the
influence of the characteristics of constituents of soil material,
The object behind introducing this parameter is to evaluate the
influence of the various factors on the consolidation characte-
ristics of soil. In the present work, parameter 'B' has been
regarded as a constant and is determined by comparing
experimental curve with the theoretical curve.
7.2.5. Tangent Modulus, Secant Modulus and Hysteresis Modulus
Tangent mo&ulus(Ei) is an initial slope of e v/s logp curve
determined by drawing a tangent to the convex portion of the curv:
Secant modulus is the average slope of e v/s logp curve at any p6
Hysteresis modulus is a mean slope of the ldop. Fig, 7.8 illustra

the meanings of the above terms.

7.3. Analvysis and Discussion

7.3.1. Clay Mineral
’ Refer Figures 7.9 to 7.30 which are derived from the parent
plots of Figures H - 1 to H - 49 reported in Appendix H of Vol.IIL

Analvsis 3

(i) Co-efficient of consolidation against percentage degree

of consolidation. {(Figures 7.9 to 7.13).

In case of kaolinite and illite unlike Bentonite the value
almost remains constant throughout the process of consolidation.
The general characteristics of Bentonite is similar for all loads
but show constancy at higher loads. Upto 40% consolidation a slow
increase is seen after which it decreases which is observed to
be rapid at lighter loads,

(ii) Co-efficient of consolidation against applied effective

pressure. (FPigures 7,14 to 7.16).
The general characteristics of non-expanding mineral

kaolinite and illite are similar while the expanding mineral
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montmorillonite indicates different characteristics. The non-
expanding group shows decrease in <, value at lighter loads
but with higher loads it tends to increase approximately to a
constant value around a pressure value beyond about 6 kg/cmz.
On the other hand expanding group exhibits a rapid decrease in

value at lighter loads which is approaching a constant value
without showing increase eveﬁ at‘higher load. The value of Cy
is seen to decrease in order of kaolinite, illite and

montmorillanite at all loads.

(iii) Compression index against applied average effective
pressure. (Fig. 717 ).

It is evident both from the parent void ratio - effective
pressure plots and also from compression index - effective
pressure plots that there is a marked distinction between the
characteristics of montmorillonitic clay and illitic clay and
also with kaolinitic clay. The Bentonite clay shows a
characteristic hump which is more or less absent in other two
types of clays. In montmorillonite there is a 1afge reduction
in volume at low applied pressures and further application of
pressure causes relatively small reductions in volume. For the
kaolinite and illite, the amount of compression not only is
less but there is relatively small decrease in volume with
increasing pressures. It can be noted that Bentohite has much
higher value of initial void ratio and indicates also hicgher

compression index compared to illite and kaolinite.
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-(iv) Degree of secondary compression against effective
applied pressure. ( Fig. 7.18)

The degree of secondary compression decreases rapidly
at low pressures, slowly becoming insignificant at high loads.
Bentonite reveals hicgher degree of secoﬁdary compression
compared to the other two types.

(v) Parameter P against applied effective pressure
(Figure 7.19 and Fig. 7.20 to Fig. 7.30).

From comparison with theoretical values with experimental
observations it is clear that while kaolinite and illite fit
closer to the Terzaghi curve montmorillonite deviates the most.,
Montmerillonite and illite values fall below Terzaghi with a
deviation of about 5% and 3% respectively. Kaolinite shows
1.5% deviation at iiéht loaés and at higher loads it tends
to fit with the classical theory. The experimental plots are
also derived from mid plane pore pressure readings which agree
well with the theory.

Discussion 3 N

The most striking observation is thét the consolidation
characteristics of montmoril%onite are markedly distinct from
that of the other two minerals illite and kaolinite. The
behaviour can be explained from basic differences in the nature
of their lattice structure and preValént intemolecular forces
during the inﬁeraction in clay water system. The principal

feature of montmorillonite mineral is that it has an expanding

lattice structure, clay flocs are of highly dispersive nature,
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and it possesses higher extent of potential surface which haé
perfectly oriented water of rigid nature. The observed slow
initial rate of consolidation in montmorillonite can be
attributed to the slowness with which the rigid oriented

water breaks up under the applied load. In case of non«expanding
group of minerals viz. kaolinite and illite the adsorbed water
is comparatively less perfectly oriented. As ? conseguence the
water Qould be more easily removed under the application of
load.

The explanation for the consolidation behaviour from the-
point of view of intermoleculgr forces prevailing during the
interaction in a clay water system can be derived frem the
Freundlich concept (1935). The swelling nature of the mont-
motillonite cley suggests that the net repulsive potential
between two particies is predominant before the application of
load. in the initial stages, the applieé load potential is not
sufficient enough to overcome those repulsive fcfces showing
the sustanance of applied load but after some time the load
potential predominates the decreasing repulsive forces. As a
result, there occurs decrease in interparticle spacing causing
expulsion of water after this initial hold up. On the other
hand ka@linite has comparativély lesser net repulsive forces
which are easily overcome by the applied load potential thereby

reducing the interparticle spacing almost instantaneously.
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v

Illite also behaves similar to kaolinite due to the presence
of natural potassium which prevents the development qf higher
repulsive forces as in case of montmorillonite.:

The observation of higher initial void ratio, higher
compression index and nonlinear void ratio and effective
pressure relationship with a initial convex curvature in
montmorillonite can also be attributed to dominating repulsive
forces. In kaolinite and illite these characteristics are not
reflected because of lower repulsive forces except that under
‘lighter loads at initial stages a slight resistance to the
repul sive forces can be seen.

The peculiar characteristics of montmorillonitic clays
over kaolinite and illite clays are also clearly reflected in
the non-dimensional plot of degree of consolidation against
the time factor. The curve of Bentonite deviates most from the
Terzaghi curve which is essentially termed as ' Primary
consclidation theory' derived on the consolidation of hydro-
dynamic time lag only ignoring the time lag due to plastic
resistance known as 'secondary compression.' Experimental
results of Bentonite reveal notable secondary compression.
This particular consalidation'behaviour:g;ntonite can be
attributed to the rigid plastic nature of the oriented water
which sustains the applied load in the beginning but with time

the load potential predominates these forces permitting the
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expulsion of free water although the plastic resistance is
continuous throughout the process of consolidation. The
variation in ¢y value suggests that it may be time dependent
co~efficient for expanding type clay mineral soil and
similarly parameter P can also be a function of time.
7.3.2. Fabric Structdre

Refer Figures 7.31 to 7. 62 which are derived from the parent
ploﬁs of Figures El.77 to I4.157 reported in Appendix H of J
Velume II.

Analysis 3

(i) Co-efficient of consolidation against percentage
degree of consolidation. (Refer Figures 7.31 to 7.38).

In both flocculated kaolinite and Bentonite €y value
shows a slow decrease during the consolidation under lighter
loading, while at higher loading it tends to indicate constant
value of €y . In case of dispersed kaolinite and Bentonite
initially the former shows decrease in ¢y value under 0.2
kq/cm2 but at the same loading the latter indicates a slight
increase in the ¢, value, As the consolidation proceeds the
value tends to approach a constant value. At higher'loada
also the ¢y value seems to remain more or less same.

(ii) Co-efficient of consolidation against applied
effective pressure. (Figures 7.39 and 7.40).

Kaolinite and Bentonite do not exhibit similar characteris

tics but the behaviour of flocculated and dispersed structure
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clays are almost similar. In kaolinite there is a decrease
at light loadings and then an increase approaching a constant
value at higher'loadings. Whereas Bentonite shows a slight

2 after which a rapid decrease is seen

increase at 0.2 kg/cm
upto 3.2 kg/cmz; from thereon the value remains unchanged.

(iii) Compression Index against applied average
effective pressure. (Figures 7.41 and 7.42).

General trends of flocculated kaolinite and Bentonite
show a hupp which is distinct in case of Bentonite. At higher
loads the tendency of the curve is to flatten .out. For
dispersed kaolinite and Bentonite samples, the curve descends
initially and then becomes horizontal. ;

(iv) Percentage degree of secondary compression against
applied effective pressure. (Figures 7.43 and 7.44).

Higher degree of secondary compression is observed in
flocculated clays compared to dispersed clays. For dispersed -
clays, - the amount of secondary cémpression is more under
lighter loads which decreases rapidly and then remains more or
less constant. It could be inferred that it is possible to
reach 100% consolidation much earlier in case of initially
aispersed'structure than would be the cased for an initially
flocculated structure. In general the Bentonite samples show
higher secondary compression than kaolinite.

(v) Parameber P against applied effective préssure (Figure
7.45 and 7.46 to 7.62). '

A comparison of the experimental curve with the theoretica
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curve indicates that for dispersed clays it lies nearer to
the classical curve, while for flocculated élays it falls a
little farther away from it. The overall effect of gither
the dispersing agent or the flocculating agent is not seen
to be prominent. The deviatiens for flocculated kaolinite
and Bentonite are 2.2% and 4.5% respectively whereas for
dispersed kaolinite and Bentonite the deviations are 1% and
5,5%. At higher loads the trend is to move towards the
Teréaghi classical curve. Experimental plots based on mid
plane pore pressure measurement show very little deviation
with the Terzaghi theory and fit exactly with relevant P
values.

Discussion 3

The explanation to the various observed characteristics
as a result of flocculation and dispersion in clays can be
derived from link bond considerations. In devélmped flocculated
structure 'edge to surface'or ‘'edge to edge', the proximity
of link bonds is more prominent, When a load is applied over
this structure, some resistance is offered by this link bonds
and lead has to overcome the edge to face or edge to edge
attraction to alter the packing geometry. During this resistanc
deformation can be regarded in the stage of ‘'Microcompressi-
bili?y’ and specific dgformation can be expressed as a slow

decay. As soon as local breakdown commences, the initial
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resistance to compression diminishes and the rate of
consolidation will increase to some extent., Progressive
deformation can be visualised as ‘'Macrocompressibility' in
which the deformation is caused by sliding and lifting of
plate shaped particles with the further breaking up of link
bonds and pressing out of the pore waﬁer. At these stage it
reaches a semioriented equilibrium position altering the
initial packing geometry, which loosens the 'interfacial grip'
of adsorbed water at links of plate~shaped particle. This
‘Microcompressibility’ and"interfacial grip' at links of plate
shaped clay particles have no relevance under high engineering
stresses thereby exhibiting very little initial resistance

to compreséion. In a initially dispersed developed structure
sample at liquid limit has a random oriented structure with
semiparallel alignment of plate-shaped particles, but not in
close proximity. Hence under 1ighf loading some resistance to
compression is mobilized from both the structural matrix and
the interaction of forces due to 'interfacial tension' between
adsorbed and free pore water as déscribed by Rosenquist (1959).
Further application of load will cause a decrease in the
particle spacing accompanied by some reorientation of particles
reaching a state of more or less 'face to face' configuration.

Therefore, under higher applied loads, it has little effect on



i

rate of consolidatien. It can be inferred that ‘Micro-
compressibility' is decreasing from flocculent to dispersed
structure. Its effect on rate of consolidation is also
reducing from lighter loads to higher loads. -

In flocculated Bentonite clay, due to the somewhat
stronger link bond sométime for breakdown is required than
for flocculated kaolinite clay which gives relatively much
lower values oi ¢, at any percentage of consolidation. The
high order of floc units in random orientation of Bentonite
at liéuia limit makes dispersing chemical not much effective,
though ¢v value is seen to increase upto some percentage
of consolidatioh after which <¢v either remains constant or
decreases. It can be argued that dispersing agent is effective
only in changing the random arrangement of particles in
individual floc to semioriented arrangement leading to a
'decrease in the value of Cy with the increase in the pressure.

The resistance during microcompressibility occuring
under light loads in flocculated @lays is clearly reflected
in the void ratio~effective pressure relationship and
compression index against average effective pressure curve.
The distinct characteristic revealed in flocculated Bentonite
clay is the evidence of pronounced resistance. &n almost
contrary behaviour in dispersed clays is due to practically

no resistance, the deformation being thus of only



T

microcompressibility nature. The higher degree of secondary
compression in flocculated clays under lighter loads can be
expected as there can be a possibility ef further orientation
of the structure as the compression proceeds. On the other
hand in a dispersed structure the nonflocculated orientation
does not ha¥e strong bonds as expected in flocculated
structure, It is, therefore, possible to reach 100%
consolidation much earlier than would be the case for initially
flocculated structure. On the same background it can be argued
that the dispersing ggent tones'down the effect of the
physico-chemical forces while flocculating agent activates
these forces. This offers the explanation to the observation
that the behaviour of the remoulded samples in which
structure is expected to be dispersed fits well with the
Terzaghi theory while the larger deviation in flocculated
clays is due to activation of physico-chemical forces ignored
in the classical theory.
7.3.3. Degree of Saturation

Refer Figures 7.63 to 7.80 which are produced from the

parent plots of Figures H.55 to H,76 reported in Appendix H
of Volume II.

Analysis 3

(i) Co-efficient of consolidation against percentage
degree of consolidation.
(Figures 7.63 to 7.67)

In the kaolinite and Bentonite samples compacted either at
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near OMC or at day side of OMC the rate of consolidation is
seen to be slightly decreasing eventually flattening to a
constant value, No coﬁsolidation is noticed upto 1.6 kg/cm2
for samples compacted at dry side of OMC. ihe characteristics
of kaolinite and Bentonite compacted at wetside of OMC are
similar showing initially an increase and then a decrease in
the rate of consolidation tailing out to a constant value
under light loads. The rate of consolidation at higher loads

remains constant throuaghout the process of consolidation.

(ii) Co~efficient of consolidation against applied
effective pressure.
(Figures 7.68 to 7.69).

Kaolinite sample shows a slight increase im the value
of co—effiéient of consolidation whereas Bentonite sample
shows a continuous decrease irrespective of the moulding
water content. The rate of consolidation increases in the
order of samples compacted at wetside of OMC, at near OMC
and at dry side of OMC.

(iii) Compression index against applied average effective
pressure,
(Figure 7.70 and 7.71).

It is evident from the experimental curve that both
kaolinite and Bentonite clays represent a same family, the
formmer depicting a flatter curves while the later steeper

curves. At higher average effective pressure both show a
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constant compression index. :

(iv) Degree of secondary compfession against applied
effective pressure,
(Figure 7.72 and 7.73).

General tendencies of curves indicate decrease of
secondary compression with the increase of pressure in both
the clays. In kaolinite and Bentonite samples compacted dry
side of OMC show more secondary compression than in the other
two cases. In kaolinite the secondary compression shows the
following ascending order : sample at wet of OMC side, near
OMC, and dryv of OMC side, while in Bentonite, secondary
compression for near OMC sample and wet side OMC sample shows
more or less the same amount of secondary compression. .

(v) Parameter 'P' versus applied effective pressure,
(Figure 7.74 and Figures 7.75 to 7.80)

Sample at dry side of OMC and samples at near OMC
and wet side df OMC lie on opposite side of the Terzaghi
curve in both the clays. Kaolinite at dry side of OMC, wet of
OMC and at near OMC show 1.9%, 1.5% and 5.25% deviation from
Terzaghi theory. Wet of OMC kaolinite sample fits nearer to
the Terzaghi curve than the sample at OMC and the s;mple at
dfy of OMC side. Bentonite sample falls comparatively away
from Terzaghi than kaolinite. Bentonite clay samples at OMC,
wet side of OMC and dFy side of OMC show 5%, 2.5% and 3%

deviations.
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Discussion :

The consolidation characteristics of clays compacted at
various degrees of saturation can be discussed from
considerations of the extent of air and water phase influencing
the structural matrix, -

At dry of optimum moisture content there prevails a
' thurst for water generating negative. pore water pressures.

The tendency of expansion of clay while making wup the water
deficiency to reach an equilibrium water content is resisted
by the residual pore water tension inducing a 'compressive
prestress' in the clay sample, Further, as a consequence of
less amount of available water, a high concentration of
electrolyte results due to which the diffused layer of ions
surrounding the clay particle remains in a depressed state.
It leads to low interparticle repulsion creating a flocculated
arrangement of particles. In such air water environment,
initially the consolidation process consists merely of relief
of compressive prestress and breaking up of some flocculation
link bonds without virtually causing any out flow of water.

On the other hand at wet of optimum moisture content the
air gets occluded because of which it ceases to be continuous
over a distance as water seals thin necks of air voids. The
occluded air bubbles cling to the clay colloid remaining thereby

out of the general flow channels. Because of no water &éficiency



ot

there is no environment for the generation of pore water
tension and prestress in the clay skeleton. Also reduction
of .nelectrolyte concentration causes expansion in the
double layer thereby increasing the repulsive forces between
particles. This tends to produce a dispersed arrangement of
particles. Under this‘conditions dissipation of free water
pressure occurs during the consolidation process. While
reaching the optimum moisture content, the air is forced out
to the maximum degree corresponding to a particular
éompactive effort, so that no further flow of air can occur
at this state. Under these conditions the conselidation
pregsure is resisted by the air bubbles trapped in the
strongest structural arrangement and the air and water both
get expelled only after the collapse of the registing |
structure,

In the above physical background it can be argued that
the samples of kaolinite or Bentonite compacted at dry of
OMC would show at lighter loads initial resistance to
compressive prestress and to the flocculated structure.
Comparatively more resistance is observed in Bentonite
because of its swelling potential besides the higher magnitude
of usual combating forces. These forces are overcome at higher
loads thereby indicating normal consolidatien behaviour. At
or near OMC the behaviour is similar as environmental

conditions almost remain same. The observation of higher rate



of consolidation with increase of pressure in case of samples
compacted at wet of OMC indicates easy dissipation of free
pore water through soil skeleton which is more or less
dispersed with no compressive prestressed and higher
occlusion in the soil. Higher order of flocculation in
Bentonite at dry side and wet side of OMC produces a steep
compressién curve compared to that in kaolinite. The
increasing order of secondary compression with the increase
in moulding water content is clearly evident from the fact
that with it there is an increase in the orientation of
particles and decrease in the pore water tensions. Obviously
therefore while the wet side samples would show a near‘
Terzaghi behaviour, deviation is marked as the moulding water
content decreases.
7.3.4, Stress History

Refer Figures 7.81 to 7.113 which are reproduced from the

‘original plots of Figures H 156 to H 212 reported in Appendix

H pf Volume II.

A s Influence of Loading and Unloading :
Analysis s

(i) Coefficient of consolidation against percentage
consolidation.

(Figures 7.81 to 7.84).

Only during the first cycle loading, the ¢,value shows
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variation initially similar to that observed in case of
saturated kaolinite. For other cycles of loading, it shows
a slight increase initially under lighter loads which tends
to gradually become constant. For any cycles of loading the
value is comparatively higher during lighter leoads.

(ii) Coefficient of consolidation against applied
effective pressure.
(Figures 7.85 to 7.88).

The value of Cy is seen to increase with the number of
loading and unloading cycles for the same load intensity
irresgpective of any set. General trend of the curves during
any cycles of loading and unloading indicates a decrease in Cy
during light loading. C, therefore increases reaching a
constant value for any set. Initial decrease in (, during the
first cycle in any get is comparatively little more than
during further cycles of loading and unloading.

(iii) Void-ratio versus applied effective pressure and
compression index against average effective
pressure.

(Figures H 211 and H 212, Figures 7.91 to 7.94).

In general, void ratio against effective stress curve
shows that initial load produces an irreversible deformation
and exhibits very little elastic recovery in all the sets.
Hysteresis loops formed by decompression and recompression are
almost parallel among themselves for a particular set of

samples. The modulus of elasticity (hysteresis modulus) can

4



AN

( Nx\b D42 /6Y - 3o 1SSFye TNLITFST GIIITAY

T
i
7
—
/

T2
FTIA>-

PIoAD

pspo-T LIPS TEY

g E ——

.Itnhl\ ’

o V-

!
)
i

AFOLSI A SSISLS SO TONINRILV I

(o r@rornm quy 27/0097)

TINSSIXE INILIOTS AT P/ 7dTr LS/ Y2V

NOIrLYTLIOSHNOD #C LNT/I2/FSS-CD

S&-L S

/o0

Too-

€oo-

Yoo

Soo.

900

lvo.

LIa e D) - NOILYTIIOSNGS SO UNT/I/IT =00




el
o
o

iy oz (X & Z [ s

(. %\\n ) M2/ - FIOSSTIS INLDITSAT TIITITY

v 4 € z
i 1 I T T T T
»- "
F79K> gy £ -a—
F72A> ce~vz ¥
T 7OAD st -
Vspro-L L3S -7y

AXOLSIN SSIXLS 70 IONIN1IN/ F5&
(ON1akozrr aml ON/TK07)
TINPSEIX T FNLOTIS T QI1707 Y LSN/P.OF

NOILYTI2OSN OO SO LNII2/AST -0
& -4L Oy

/o0 -

Too-

foo-

Hoo-

Soeo.

900 -

Loo.

z/w.f/z/w ("> ) NOI/LP QI 7OSNCD FO A NZ/DF7TT -0




o

N2

\%\\ L) 2/ - FINSSTIS INLITAST TIIIIIY

o/ ¢ 4 < 9 S » € y A /

7

Too-

\\\ \\ ”

P24 0y & g~ : €00

FI2AD com T —- -]

FIOAD sl -

Hoo-
Yoy I -LIS- 7YY
So00-
AXOLSIK SSIHLS 20 IONINIINI 432 7]
(Omtabrornr amk SNIGKaor) 900.
JONSSIY S INULD7SST7 TP/ITY LSN/ VOV
NYOILYTITOSNOD 7O LN/ ST OD |
<& -L "D/s ‘ re

'..:'/VH/_E'N/ ("J D - NO/LPTI?OSNOD JO LNFIO/IFT -9




234

(PTL ) o fEy  3pnSIS FAILPTASS TSI

@f (3 ~ £ o

5 & € z
i T I
v
\\\\\J
\\\‘

\\\\\\\\\

\\\

F704o @€ -m — T
77247 convT ¥ M
FTOAD 254 —9
psyo-A L3578 |

AFOLSIN SS72L S 20 JON 27777 s A I

CONITHOING? GIY DN/ 00 9))

FOPSESITS FN/L DTS LT TSI L SNV IOV

NOIZ B TI7O0SH 0D 20 AN/ I/SS7 O

88 -L O/

o

“Noa.

Soe.

900

loo-

Z/YW/?‘/Y/ ("’)) NOILE TLZOSIWOD P NP/ PrT ~OD




L

o2

LW/ By - FINSSIIS FALDISST TF/7d I

- ——

Il- <458

H

| m _

AYCLIIN SSIDLS FO JINZZI2HN/ S22

(ONITPOING QNY SN/IQ¥TT )

[ 3]By ~ FDPEEIET
FNILST1ST DCT LSNIVOY O/LYVY 0/O/

68 -£L D/

Srhl £/ z/ o/ 8L 95 % £ z oy 949 5. 45 £. T £ lo- S0 ho- Eo- g
””/n..r.ﬂ.}“yiyll»lu...xuv”.r lllllll
SR s il o
/ e~ ]
/ N il
/IL

0.4

/i

T/

Y osoA

oL




22/ EY - PSPSSIYS INLIPAIT TR IIIY

oS ok of oz ot 849 5 # € 4 o & 9- H. €. = . /- Lo- So. mo.w.s
S.0
.f...trl&fil - 9.¢
Zr-437S Sy ,M., e o ol o o S O R
< SN I S T Sy — T =3 4o
.I.I._Il.ll

/ lll-.VlIll/l’ N o

// _ 6 0

/ o

. I Sl = VO Bl ]
/.llﬂ.lLM..”nth..ﬁl Nl o SV N //r 'y
\ /]1 . s n:y
dm |
— 1z,
AL ~£L35

£/

b/

AXOLSIY SSTVLS SO IIONIR2LN/ o F 7 / 5.7
(omavornm anvy Sniaveor) / or

VSV -LVS5- TV SO (wt3]6% - IS 7SSITT /
INILIISLAI D07 LSNIVOW O/L VY GrOA > Y,
06 -£L "S5/

oYY CTI0A




Fo

/B - FINSSIIS FNLOFAST TOVIIANY CIIISY

g. Z. CR 5.

% .

€ T

—

—

F72A2 ‘e £ -m—

F72A2 onZ W

F22ho yusl —e~

pspro -T LRS- 7Py

AKX OLSI SSTLS SO JONJH7S0 I

(ONITVOIN7? Ty DNITro7)

JINSSIFG INLITSS? TOVITAV TI/ 70V

LSHIVO Y XITNVL NO/SSIYIH 92

16 -L 9/

oT.

Ofr -

ag.

-l

T/

(’.7) XTOANI NOISSIZANOD




@\

L /EY - FINSSIIS IN/LDFSIT FOYIIN O 7Ty

-t o.& ’ -z a
| _ ] a ] / [ J | i i 1 T i

!
—

,.'llll-,"ll_l"l

/

F724A> ‘QE / e
FIZA> om T -

FTIPA> 4ol o |°

e

PSS -T L7572V

AXOLSIH SSIVLS 20 FJONINIINY LI
(onIaroInn any Smaver)
J 788530 JAN/LPTA AT TIVIIAY TI/ oo ¥V

LSNIVOl XIaNs NOISSIY I+ OD |
26 -2 "SsSf -

o
—

Tl

oo

(%0 D X739/ woIssszdmo>




%)y - FIIISSFHS FNLITIST IO LI IANY O IIY

o-% o-£ °-T

T I T T ] | . R—

N

FIO2AD QY € B

FI2AD ONT -

TIOAD i8] -

YSpo Al L7585~ 7P

AYOCLSIH SSIILS SO JoNT7H 7SN 77

(Swvraornn ey D/raor)
JISS IS N LO7S Y TOUIIAVY TP/ 7d SV

LSNIVOVY XIGN NOI/SSITY S OO

£6-£ 2

Qo
< N 0 T

(’37 XFON/ NOI/ISSFIIHOD

o




2%/ - FIISSIIS INLOILXT FOYIING TI/ 7Ty

\N.* Q,?

9-F

7.8

8-z

-z

o-Z

9/

z-/ 8- v

{ I !

!

“

F7042 ¢y £ i

F7242 eN T N

FIPARD 5l e

Ysbpo-Al £L35-7F>

AXOLSIft SSPVLS A0 JONINIINI I

(onravorys ony Drrebos)

T PSSIVS JN(LITSS T FOVIIAY CI/7ddV

LSNIVOY XIGN/ N/SSII I, OCD

%6-£ O/

¥

A5

o
-

)
(D) XION/ NOISTIFIHOD

~
-

-1




241

thus be considered as constant. From the curves, it is also
seen that the area of the hysteresis loop is progressively
decreasing with further loading and unloading cycles. These
decresse is sma;l in the first set of sample where loading

and unloading cycles remain <ir the lighter load region.

The valuesof initial tangent modulus and secant modulus
measured for various sets shows that these values increase
slightly with each set. Trend oficompression index with
average applied pressure is gimilar in nature to that observed
for saturated kaolinite with further cycles of loading and
unloading it tendg to remain constant for all average pressures.

(iv) Percentage secondary compression against effective
applied pressure.
(Figures 7,95 to 7.98).

General nature of relationship during the first cycle
in all the sets of samples remains same. In the light loading
region it shows a steep rise and then becomes almost flat.
During the second and third cycles of loading and unloading
the dégree of secondary compression remains constanf.

(v) Parameter P against effective applied pressure.
(Figures 7.99 to 7.102 to 103 to 7.119).

Experimental curves of the first cycle in all the sets of
sample fit closer to the Terzaghi theoretical curve. Deviations
observed in the first set from Terzaghi theory are 2,25%, 3%

and 3.8% respectively for first, second and -the third cycle.



o2

Iy 0-/

fe /by - FINSSIIS INLDTSST TI/TITY

&.

.

<.

s.

5.

€.

]

]

!

=3

F7240 oy ~—

FIOAD ‘ONT

FIOAD us! —e

YSPo-T LIS~TFHY

AXOLSIN SSPIULS 2O JONINIANC +7 7Y

(owrakeornn any On/akor)

FIRISSIT S JNLI2PS A TI/7d TV LSN/ PO

NOISSIFIN O AW ONOO7S FOVLNTIIX TS

S$6-L /S

of

oz

oF

o5

09

NI SIFYIHOD AW TNOOFS FOYLNG2 7




ol
N
L6y ~ FINSSIDS INILITIIT @I/ TN
oL & & Z 9 K % z
] I 1 I T ! ) i
nﬁll’{-‘l gy
ey S ]ll!rlllj
T2 ey £ -m— : T ——.
FAEV R/ E A //

FIPAD ygh -

pspro -TLaS5-70Y

AXOLSIN SSTLS FO JINQNITN/ 29

(SNITPOING THY DN/TKOT)

JIPSSISS FAULITLST TI7TdY LSN/ VDY

NOISSINI IO RYYONOITS FOWLNI> IS

36 L Oy

o/

°T

og

%

oS

g

NOISSISINCD A EONTITS FOULNTIY I




o-f

244

4D [6Y — FINSSTSS TFNILDTILT TITISY

2724

‘QyE B

F72Lo ‘anE  w—

FIPARD o) e

Psvo -IZ L7S5-7FY

RS CLSIA SSIVULS ST JINTN7IN? 37
(PNIQkO20Y1? OIYY 2N/0kCO7)

TIVSSIV S FAILIIILS CI/7d TV LSN/I¥DF

NOISSIX IHO2 AV INTS FOVLNIIY T

26 -L "D/s

o/

o7

of

°y

oS

Q9

NOISSTEIIOD ASEONOOTS FOPLNTIIF




w

N2

o-/

w6 ~ FFNSSIIS INLOTILT TT7/7dTY
T

6 & Z o 5 % "€ z /

FIORD ey &~

T PPAD cenZT -

FIOARD ysi €

yYspyo -

AL L35 -7k

i xnv‘sm SIH SSFILS FO JINTNR?IY ~FI

(ONr@or/vr? Cry Omrebror)

I ?SSIDS A LOTSST OII70TF LSNIVOY

NOISS IO INOD AXVINOITS IOVLNII0TS

&6 L "2Ory

74

4

og

°f

o5

0>

NOISEFIIIvOD AXETHNCODFS IOPINTIDIIT




246

28"

NE\..\@\ - FONSSIYS INLDOTISF OF/7ITY

25

g-4

o-%

T €

%

4

9-/

!

!

]

,

1

I

FIIoAD ey £ %

F 7oA oN T W~
FIoAD ys/ w

PSWPO =T LIS - 7PY

-

A OLSIHS SSTIFLS 7O Fo/n70 70N I3

(Onrarornm aty Onsopor)

IS5 IFT IN/LOFLST CI/7d¥F

LSNIEOD Yy o IILINWVIVS

6€6-£ &/

= XIFLINF IS

.
<
’ ’




{ine

o2
LBy - PSSR FNLITSST o7r7adV

Q.% Q.% IN.N \V.“ W.om.. %.\V Q.sv N.h.. A Z

0
|

T T T T T T T T T

N

T P N
i i { )

o

772> -QNT -

[

s

r LLIVIH :
FT?22A> 0y —w A : |

IS XS

Q

Q

F724LD ysl -

pspro Il LTS -7FY

r~

A ln*VIA t 7

oL Sim SSFLLS 7 G AINTBIINS FITY
(ONITECING THNKE DHITY v7)

IIOSEIFS FNLIISTT o7t 7dd ¥

TSNIFSY o FILINEPIVT

oo/ - L BrS




&2

. z
88 °& T-£ %5 9-5

g%

Q.JV

z-§

w /by - IINSSIAS INILDOTIIT QI TILY

#-z

-/

! ] I T T

T

-

= , T

Z70A> o £ —E—

T72RD QT -

TIOAD s i —e—

P T RZS Y

AT OLSIN SSTILS SO FONINRIIN! 43

(ONIQVYOING aNY DN/TYOT7)

JXNPSSIVG FAIL DTS T T712d Y

LSNIVOVY 0 IILINVIZVS
10/ £ "S/F

PILINY S P

.o




L&y - PINSSIVS INILIITS ST I TS

49

’
fw

8-& & (2¥2 b9 95 &4 04 z-£ T 9 g.
o * L T T _ _ _ ~ £~
S — B A R .
PR— — ——t .m.l
| 9=
[
m.l
\\ ) m
N B, il S—
| 3
P04 o E —w— - /o
| . T+
FIIPLD QN E  —e— , _
SIPAD y5i P - PR - G PP
| |
5+
* _
. | S
| | |
¢ - 9 4+
RYOLSIH SSTXLS J© FON 7RIS/ A3 “
(Srvravorrvn ek On/T807) — = L
"I NPSSIFYT FNLOFYYS TI7dd -
LSNIVOY o, ZILIN YV
2o/ L 2/ |
L

FILIW VY S

Ia/l




YOLDODVy Th/L

ars o4 6 8. 4. 9 & 4. €. z- 4. Bo. Lo vo. So. ko fo. To.
A
N
.%/;..
N 1L
NA\
! |
o//v/.a/ ) d
- /. t 1
./ N ~.
i _
. m |
T-mw sd B ;
Jo—-z2d ¥ “
o 4xd o _
\Qﬁ%b\.m M.W\.R.\q%\ M
AXOTHL ¢t PYLOTL e
FTIPA> “Q&\ £~
B RS
pSpo T LIS TFY
N
o~
//%f
N
LAFOLSthy FSFILS FO JONIRTIN oI NN
(Sw/ayorvvg TNy ON/eYo)) I~
M2/ 1 -0 -FXRSSIVS Q77 d IV /f//l
YOLOV S II/d LS/ P2V NOILYCOI?CSHN OO /.. ﬂf
™~ —
SO IIIOIT IO VITAY IOVUNI> I /
g£or - L LT —

oo/

o6

o8

oL

og

o5

°s

ot

0z

NOILY CI7OSNOD FO PPFDFT POYVFIAY POVLNI2 IV




e NOL DY T

a3 THhIL
M.\ ¢ g <. z £ 6o.-Go.lec. 9. So. ho. fo. Zo
SN,
~
N N\
NN
~
Z~z=d ¥
Yo.-z2d e
AZosms OFrodod s
o=z
- Koosms i oVOIL —
FIIAD QX E e \
PIPAD KsF ~——
psp D= I LIS THY
Do f/ zﬂ.
RYOLS/ SSIFLS SO FONIRIW /72 TORG
(Swravornm avy Snrarer) AN
L /6Y b0 FINNTSIIS TIIIIIF S I
YOLOF S Thtid LSNIVOY NOILVTITOSNOD D N
J
YO FIVOIT IOPIIAY PO PLNI2X IS /
%Or - L "D/S

Q Q Q QO
N3 @ Q N ®
NOILY OrTOSNCD FO PIFIFT POV IIAY FPVLNIDIIS

Q
Nt}

Q
™N

o/




s OOV S PIVIL
oy
arD e/ §. & £ 2. z. . €. .

£ So- Lo-

90. So.

%so. £o. zo-

A OIN L TS0 oS

A o7 rL

Ysyo -~ L3S 78y

S/ =~z o ®
BO by e

(-

T

Vg L LA
F?2h2Oom T -~
FPPAD g5 S -

AXOLSIN SSIILS 3O IJONINIIN 4578

7
/.

AN

(SNITVOING iy DNITV o2
&fby 8§ -© ; JYNSSIVS TI/107 Y

XOLOV S FHIL LSV DY NOLLYPI 705/ 0D
TO FIFOIT IOV GING FTOVLNTI9 7

/r

Y
//

/

v/

Sor-<£ O/

174

o6

o8

L

ag

95

o

ofg

o
™

YOIy PITOSNOT IO IIZDIT IOV IN IPVLNIOZ IS




FCLP T Ti/L

33

o2 °f 68 L. 9. 5. K. €. z. /- 8o-Lo 90. S0 Ho. o cor ooy
. . ]
.//..W.%w/ I~ N o
: /0! N
~ \ /‘I. st
v N
N °g
N
//,./ N -
K N
AS
”%W/ﬂ /" os
N .
//P // —
A\
»-to R /..A/ // ez
LA N
A OIHL mv.w._.n\coa.\ ' . // A AN -
oo RN N
ADOSML IOV ZYIL e N\ o5
TIPLD Q¥ E — i N>
TIOLD ANT - B
PP2hD 48l ~- - & U N -
SV - T LIS WY NN\
NN
T QW.
| | QNN i
\A.N\Q.\h. IH SSTXLS SO IONINIIN/ I /Mw/ﬂ// ]
(Swiavorng oy Sw/arer) NN of
Y9y § -0 I¥ISSIFS TII7ITY SO
OLO VY Th/L LSO NolL P! IOSNOD
IO FIFIOTT FOVITAY FDVUNI YT
S0/ -2 By

NYO/L Y PI17OSNOD SO FIFDOIT IOVIIIY IDWLNFOIFTT




- NOL OV TivsL

p—_— H
ar o/ ¢ 8. £ 9. 5. #H. €- z- L-Eo8o- Lo 90 So- o £o- co-
o~ g (/4
e /”/ ]
RN
IIJJ,I o6
-//ﬂ
oy
. 4
S/=-c 0 o \ 22
/-~ &
N4 . —
\.we.w\mko\ OIS od ol
AYOINL /W OV ZYTL oo o5
F22AD CA E ~v
F22AD ONE -
FIPKD ygf =~ ]
popo ~Z L35 -7y
e
N -
AKXOLSIY SSIILS SO IONFINISY A7 A N
ON, aNY ON/TYO] NS 3
LW/ by D4 i IXNSSIVS TI/7d P YL
XOLOVW S FA/L LSNIFVOY NOUYTIIOSNOD J N

IO FIF¥DIT IO VIING IO VLNI2YId
Lot L "D/

NOILY Tl 20SNOD SO FTHODIT IOVIING TOPULNIO 7S




g oL VY JivrL
1rs 04 & & £ 9. 5. 4. €. <. /- &o.lo. $o0. S0. ko. EFo. Zo.

ooy
S TN
T~ 1/ Q m.
N N v
= o8
] oL
09
lo~ze/ @ -
Sos-z o
AT OImL Ossorers L o5
(-4
AXGPHL /WO XOIL —mm w
FIPLD Y E - * -
FIPAD UsS <= |
Yy o - D LIS~ 20Y 9%
A8
AR OLSIH SSIXLS S0 IONIRTLN I SN : of
(Owrarornng any S a¥oy) N
L8y T E i NSNS TI 7Y //.ﬁ/ o §
XOLOVS INIL LSHIVOY NOLLY/ITOSHOD ~3 z//./,.l ) ,
~ ~— T - Q
YO FIFDITT FDOVIIAY I VLN IO T /
3 I ~—~—— i
Sor L DS

NOILW T/ T7OSNOD SO IIXOIT POV IAY FPPLNIIIT




o XOLOVS ThlL

o oL 6 8. L. 9. S. 4. €- z- 4. Qo.lo.-g90.- So. #Ho. Fo- To- .y
NN
/./ Qm.
AR
/.../ { J
//./ —
N\, |7
og
1
oL
09
T~z w .
$o-z2o e ]
A20FHNL 350000

- -4

OHL (OO P L e

FPOA X E - =
F7AD 4SS -~

Y o-Z 275N

O
8 ,
NOILY Tt IOSNOD FO RI¥OIT IO UWIINY FOWLNIO2YIL

%
— . N ¥ .
RYOUSIH SSINLS SO JININIINI 23 N |
(ONIQY OTINR TNV ONITVoT) SR of
__3“3/bY %-5: I/2ITSIXS TI/IITV T~
DOLOVS FIL LSHIVIV NOLYII05Hy02 ™. ]
SO IIXOIT IDVIIY IDObLNIPI TS TN oz

60/ £ "O/F —]




o . , —— FOLIVT Fird ,
e0/L 6 8 L. 9. 5. 4. <. z. /- 8o Lo Q0. So. ko €o. o
/// '
N
<"
N
CT--2d Y
Slemz o .
AFYOFHL TFSOdOS
zd
Uaogns \\w..vv.n%.ﬁ —
F22LD eV T
FIoAhD LS -~- S\
psyo- L3S~ 70/ N
N
RS OLSIH _SSI2US SO IONINTIN 72T RN
(ONITVorIn oy SH/TFoT.) ////
L3 [Ey /-0 i IYNSSIVS OF/7ddV ) L
OUIVS FEN/L LSNIVOY NorLb@PIIOSNOD AN ~
NN
SO FIFOIP IO PIINY FOPLNII T
Ol -2 "O/7 T

S6

ce

< Q O
RN N @ N &
NCOLY QI TOSHNO2 A0 FIIFOFC P2V IAY FOVLNZID T

Q
]

Q
o~




785Q

uo.n €. 8. 4. 9. 5. 4. <. z.

Al Y OL OV FMI/L
£

8o.-lo. 90. So0. #o.

to.

TO-

T~z N

Lo ~zg ¢

AP OIHL QTS odorr s
oty _
AOINL 1M 282

F72A4D O E = et
F7PA2 4s] -~~

YSpo ~JZ LIS 70

AYOULS I SSFILS SO FIONIR2INY iF 7Y

74

(ONravorNg any SN/e¥07)
2 “/6Y 2.0 I SSI¥S TI/7d IV

X OLIV S FI/L LSN/ VOV NOULYTI?I0SNO2

/7
. /

FO FIXOIT FOVIINY IOVULNIPITS
l4l LD/

of

o8

oL

o9

o5

of

og

ez

NOILY TITIOSNOD #O PIFOTP IOV IIAY IOV LNIIIIT




e A OL YT TIVIL
04 6.8 L 9 S - £. z. ‘.

€o- o.Lo. g0. S50.

bo. fo.

Zo-

5.

w2 o []
Fre=-zd w
Sremnd .
AYOINL TIS000d
4

[~ 2F 4
AYOINL 1P OVLYId e

*FPTAD QY E” e
TI2A2 ‘ONT ~r
FI7IARD cdfl mm-

psho-TLLIS 70y

AYOLSIH SSIILS SO JINIO2IN/ I3

(ONITVoI77p arvy ON/TFO7)
WY %0 IIPSSIVT TI/7dTF

XOLOVS FhtrL LSNIV OV NOILYPI70SHNOD

J0 T IXDIT IDVIINY IO VLN T
Zi7 -2 S/

56

o6

og

el

o

27

9%

oL

oz

WNVO/LY TI7OSNOD HO FIX DIV FOVPIINY FOVLNI YIS




= - NIV TII/L

o2 \ o4 6 &. L4 9 5. & <. Tz 4 Fo.lo. g0 So- Hko. Eo-

<774

oy

24
]
A 4
Ay os 4L G35 0008 d
AyoFHL .
IMOY2ZYTL ——
F?2L2 @¥E —-~- 0S5
FIOARD @qNT =+
ysyo - L35 1V —
o7
/ A ~o
RToL Spay SSITLS SO IININIINI “F3& N R -
(S @V OrMry TNY SNIQYO) ) VRN
LW/ 6Y 31 TIPS IIS TITITY S N of
XU FHIL LSN/VOV NOILYTI705/0D RSN
. N ~ o —
IO FIYDPIT IOV IINY IDVLNI207d //// T~ oz
— ~ ~ ¢

NOILETI70SNOD IO IPFOFQ ID W IAp FOPLNIOI TS




- FOLOV Y AIL

o)
w2 oL £ 8 £ 9. 5 “ . oy - / 6o 8¢ Le 90. Seo “o o zZo. 56
o //,r/ﬂ/
IR v o6
NN
BN N, _—
1/
N
24
oL
’ Qw
Sle-2zd ¥ —
60--=4 @
AYOIML OF50 00
oc o o5
AYOINL 1OV 2YFL —-
F70AD Q¥R -~ —
PR g T -~
YW -TE L35 THY
1 ; Q‘V
/%/ ./// N
A OLSIH SSIHLS SO JONINITN/ I3 NN of
 (SNITKOTNT TNy DNITVIT) LT
mrw\u\m* 28 IYPSSIVT CTI/7d 7V
XUV S FEAL LSHIFOV NO/LYTII0SHNOD

FOFIIDIT IOVIINY IOVLNIPI I
b4l -L D/

NO/LYPTIPOSNOD O FIXOFTT IOVIIAY IDPVINIOYIS




Yo+ 6.8 L 9. § % - €. T /- 8o Lo. 90. Se. hHo.

go--zd° W NN
S0 -2y ® ///
ASOIHL 750708 NS

., o=d .
USOIAL I DY XL — D
P22 PN e b A

PIPLD> 45/ - -~ N

PO -ZT LIS TPY N |

4

A/CLS/A SSTFLS SO JIONIRIIN 77 Mf

(On/glorvg o ONITPe))
1 Wby b9 FVNSSIVS TI/7TTV RN
XIS FHIL ZSNIVDY NOILYTI7OSNTD NN

/4
2.7
v
///
-T
//

NOLY TIIOSNOD O FIFOFT TPV FINY FOVLNTOFTS

FO TIVOFT FOVIINY FOVLNI2II
S1/ - L "D/




e N OL OV S SL
°7 €& £ 9. 5. A e- -

F x4

Feo- Le. 9o. So.

bo.

\.!nu\(
lodzo »
AYOTAL OSSO

oz g
AXOTHL
IO I DL e
FP?2LD N -
FIPKD yg ) ~--

ysyo - L3757k

a4

RYCLSIY SSIILS SO FONTRIINI 7T

(DHrabroivy awy Shapoy)
2“8y 207 X557 Fd TI/7dTV

YOOV JhIL LSNIVDY NoLTIIOSHNOD

IO FITOIT FOVFIN 7 OVLN 7> T
2t -2 D/S

L&

{3

) ] 9
N a ° N Q
NOILY PI705VO> SO PTY 277 .'7.91”;2’..174[” PDOPLNIO2X IS

Q
9

Q
I\

a/




oz € 8- £ 9 §. . €- z-

-
% -~ YV OLI S FThrL

/-

go. Lo.

®0. So-

Co-

S~ / v
S~ - o Ld
O\ L 4
N
ANY
N\
R
NI
NS //.
Z--:d ¥ //,, N
fo--zd ® NN
ADOINL QIS0 0 )
oo N 2
dorss iIHOVIFIL — NN
FIOAD ol =~ >SN
FI2AD usd =~~~ NG
VSk2 -l 435~ TV Y NN
NN
Mo Ir/. /
/j.. N
KT OLS7H SSIFLS 70 FONIRITN 777 R
(Owravorrmss amvv Shiaboyr) Ry
by b0 IVISSITT TT/TTT P RN
HOUSIVS TIIL LSNIVOY NOILYPITOSN O RN
IO IIXOIT IO VIIY I9 VINIPXT o //:.
24 -L "D/

13

°c

2

oL

9

05

of

og

°g

NOrLY T/ 7OSNOD SO PFFYIOFIT PO YPOIAY FEPVLNIOYIS




- Y OL O I.Y

ol 6 & L 9 5. H. <- z.

&o. Lo. 90. Se.

/.
4

S

°6

=4

o5

So b zg @ N

AXOIML T750002s N
@z //
AFOIHL
4 IAOPLY L e /o,

PILD gy & ~- - N

pspo AT LyS 78y //
~N

ARYOLSIH SSIVLS SO JONIDIINI AT RN
(Ooniavorns any SH/apor)
2“o/by 28 i FUNSSIFS T TSI RN

XoLIYS TIHIL ZIN] VSN NOWZBIITOSNOD >

NOILY T IOSHOD JO PINDIC FEOVWIIAY IDVLNTI T

FO T IIOTT FOFIINY TS VINIOIFS T

Tt ~L O/




(o) -l YOL2V S /L
MMW Im\ c 8. 4L 92 5. 4. <. . z- Z. 8o. Lo. Po. So- Fo. €o. To
/// . u‘
) /07;//
NN
7/./4,. L]
Sle=zof v ]
lemzo o
AXoRrs M.h...n\u%\
P- 3
Apoims In D 2T |
FI2L> 9y e
FIOAD @NE =i
psio AL L3520 Ny
NN i
NIRE
NN
AXCLSIN SSIILS SO JONTINIA N/ I NN
(SN/TVoING TNV SMNIGYor) AN 4
@by &9 TVISSITS TI/TdIY . NN .
2OLDOVS THIZ ZSNIPSY NOILVT/705H0D SER SN
Y0 FITDIT T SVIIAY FDVEINTIITT Bt
7R

e

oG

°5

0L

09

o9

of

of

oz

NOILY T170SNWO2 JC PIIZDIFIQV FOVEIANY IOVLNIOIFTY




267

In the second set the deviation during the first cycle, though
large initially, is reduced to 1l.6% during higher loads, In
tﬁe second and the third cycles, the deviations are found to
be 2.25% and 3% respectively. In the third set, deviations
of 2.5%, 4.5% and 3.0% are observed for the first, second
and third cycles respectively. In the fourth set, experimental
curves deviate by 1.6%, 3.8%, 1.0% for the first, second and
third cyc;es. '

Discussion

The compreésion of saturated clay resulting from an
increase in pressure can be visualised to occur primarily
due to reorientation of particles and to a certain extent as
a result of decrease in gsize of colloid micelle which causes
structural adjustment., In other words, the work done over the
saturated sample has to overcome the internal friction during
the process and the Zeta potential energy of colloi@ micelle.
Internal frictional resistance is partly due to the displacement
of plate shaped clay particles along each other and partly
due to. the internal frictional resistance(viscosity) of pore
water., On loading initially 'edge to face' or ‘'edge to edge'
domains representing higher energy level tend to compress to
'face to face' domeins depending on the magnitude and mode of

loading. Under each successive loading and unloading there may
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develope Lower Zets potential energy on one hand; on the other
hand the particles having reached their optimum structural
positions, the loss of energy on displacement may decrease.

The experimental observatiens more or less support the
above hypothesis. Under the first compression and decompression
a fixed path for the movement of particle is established and
consequently during further cycles of loading practically only
a little bond resistance remains to be overcome. It is because
of this lower resistance that the experimental observation of
second and third cycles of loading and unloading shows initially
an increase in (¢, . an initial decrease in c; value in case
of the first cycle in the second set can be attributed to the
mode of application of load. Since light loads may not be able
to overcome the resistance of internal friction and potential
energy of colleid micelle the 'cv value is seen to decrease at
initial loads but with increasing loads itsvalue gradually
increases and later tends to almost unchanged.

The void ratio-effective pressure relationship of
kaolinite sample under first loading indicates establishment
of parallel alignment of particles in the very first cycie.

The exhibition of a slight elastic recovery is due to the
imperfectness of adsorbed water in micelle. With increase of
cycles of loading and unloading, interfacial gr;p progressively

breaks up giving less and less hysteresis loop area. The initial
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variagtion as seen in the tangent and secant modulus is due to
the mode of load application. The Cc value varies only at
lighter loads under the first loading but subsequently in all
the cycles it remains constant. The change in the swelling
index goes on decreasing with the cycles of loading as elastic
recovery vanishes. As a result of brezkdown of physico-chemical
forces, the decrease in secondary compression can be expected
at each successive loading and unloading cycle, After the first
cycles of compression practically there is no hydrodynamic lag,
and consequently not much variation in secondary compression
is observed during the second and third cycles of compression.
The compliance of Terzaghi primary theory with experimental
observation of first cycle is evident,

B : Influence of Load Intensity

Analysis 3

(i) Coefficient of consolidation against degree of
consolidation.
(Pigures 7.120 to 7.123).

Under stress incremental ratios of four and eight, kaolinite
sample shows a rapid decrease at an initial light load of .01
kg/cmz. With subsequent loads at increment stress ratios of two
and four C, tends to be constant while for increment stress
ratios of eight, rapid increase in the value of Cy is seen upto
about 70% consolidation after which it almost remains constant.

Bentonite under an incremental ratio of one, shows a slight
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increase in the value of Cy while at increment stress ratic of

two a slicht decrease is seen.

(ii) Coefficient of consolidation against applied
effective pressure.
(Figure 7.124).

Under the stress increment ratios of two and four there
is a decrease in the value of ¢,y at lighter loads but with
highef loads it increases and then tendgto become constant.
But at stress iﬁcrement ratio of aight there is a rapid rise
of ¢y value.

1

(iii) Compression index against average applied
effective pressure.
(Figure 7.125).

General nature represents a same family showing an
initial hump which becomes narrower as incremental stress
ratio increases. The compression index tends to attain a
constant value earlier with the decrease in the incremental
stress ratios from eight to four, two and one.

(iv) Percentage secondary compression against effective
applied pressure.
(Figure 7.126).
The general nature of curves indicates that percentage
secondary compression increases with the increase in the load.

For incremental stress ratio four and eight the rate with

which the secondary compression decreases is however more

rapid.
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(v) Parameter 'P' against effective applied pressure.
(Figures 7.127 and Figures 7.128 to 7.134).

At very light loads the curve with incremenﬁ stress
ratios of two fits closer to the Terzaghi curve. Deviations
observed are 3% and 5.5% in experimental curves at increment
stress ratios of two and four respectively.

Discussion :

The influence 6f the Yoad intensity on the consolidation
characteristics can be explained in terms of structural
variations of the clay configuration. The resultant deformation
is dependent on the bond resistance and the ability of
-individual particle to take position of eguilibrium. Under lower
load intensity the resultant compression will be small as
readjustment of particles to new positions of equilibrium is
achieved with minimum displacement and without generation of
large pore pressures. On the other hand if the load intensity
is high, initially the particles cannot easily readjust to
position of equilibrium since the rate of application is
sufficiently more than the rate at which the pore pressure can
dissipate., It is only when there occurs a complete collapse
?f the bonds that the displacement of particles takes place
producing dissipation of pore pressures.

The first light load is resisted by. physico-chemical bond
strength at various contact points is time dependent show a

reduction in <, value during consolidation process. Under
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moderate incremental stress ratio when the resistance is
minimum a slight increase in Cv value tending to a constancy
is possible, but at very high incremental stress ratios the
rapid increase in Cy value is due to total collapse of bonds
leading to complete displacement of particles during the
consolidation process. It can be also argued that during
lighter loads the structural viscosity of clay water system
dominates the effect of stress ratio showing the decrease in
the value of Cy . At high increment stress ratios, physico-
chemical effect is completely destroyed which is evident from
the nature of the plot of compressiog index against applied
average pressure. The explanation for decrease in the
secondary compression with higher incremental stress ratios
is due to the dormancy of the physico-chemical forcés.
7.3.5. Drainage Path -
) Refer Figures 7.135 to 7.159 which are reproduced from
the original plots of Figures H 142 to H # 157 and H.257 to
H.285 reported in Appendix H of Volume II,

A t Orientation of Drainage Path

Analysis 3

(i) Coefficient of consolidation against percentage
consolidation.

(Figures 7.135 to 7.137).
The samples taken in the vertical, horizontal and inclined

directions do not show much variation’in the ¢vwvalue during the
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process of consolidation. At light loads while the horizontal
sample shows a decrease initially, the ‘verticle sample shows
slight increase in the initial stages of consolidation,

(ii) Coefficient of conselidation against applied
effective pressure.
(Figure 7.138).
At light loads the Cy value decreases rather rapidly
but after about 1 kg/cm2 a slight increase is noticeable. The
decrease is comparatively more rapid in case of horizontal

samples, but at higher loads the magnitude of ¢y is almost the

same,

(iii) Compression inde& against applied average effective
pressure.

(Figure 7.139).
The general characteristics of all the samples are
more or less similar showing a humpy curve. Horizontal sample
gives a larger hump while the vertical sample shows a low or
no hump in the initial portion of the curve. The inclined =
sample exhibits intermediate characteristics.

(iv) Percentage secondary compression against
applied effective pressure.
(Figure 7.140).

i

It seems from the experimental curves that the degree
of secondary compression is neot much affected., With increase

in load the secondary compression decreases as usual.
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(v) Parameter P against applied effective pressure.
(Figures 7.141 and 7.145).

Vertically oriented sample fits nearer to the Terzaghi.
Horizontal sample deviates most at light loads. All the
sample show little deviations at higher loads. Vertical
sample shows about 1% average deviation under practically
all loads. Horigzontal and inclined samples show 0.5% and
3,9% deviation under light loads respectively, and 1.5%
deviation under higher loads.

Discussion $

The’initial structure of a s0il sample of inactive
* clay like kaolinite prepared at liquid limit under a light
precompression load will be approximately of a semi-oriented
nature with the majority of particles aligned parallel to the
ped. Orienting the initial structure at vertical, inclined
and horigzontal direction it can be visualised that the ,
majority of particles will array in pafallel, random and vertical
éireétion. Exbbndion for the consolidation behaviour can be
derived from the consideration of turtuosity (effective £low;
éath in relation to thickness of sample} and intérfacial grips.
When pressure is applied along the length of the plate shaped
particle i.e. on one hand the sample at horigontal direction,
has to orient particles in parallel position overcoming
interfacial grip but on the other hand the water has to

vass through a shorter flow path. However, when the load
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is acting across the length of plate shaped particles there
is little resistance from interfacial grip but a longer
flow path has to be covered by water. Situation in samples
taken in the inclined direction can %e considered intermediate.
Therefore, it can be argued that under lighter loads when
interfacial resistance is predominant, horizontal sample
éhows comparatively higher resistance indicated by large
reduction in ¢, and humpy compression charac;eristics. Under
higher consolidating pressure the load potehtial dominates
the above described resistance causing a complete structural
breakdown, and the characteristics become almost similar,
The same degree of secondary compression suggests that for
any orientation of particles the physico-chemical environment
does not change, once the particles are alligned in parallel
arrays. The analysis by P parameter also supports the above
arguménts.

B : Length of Drainage Path

(i) Coefficient of consolidation against percentage
consolidation.

- (Figures 7.146 to 7.149).
In case of samples éhinner than conventional samples,
the wvalue of¢increases initially eventually becoming constant
at higher pressures. In the case of samples thicker than the
conventional samplesvthe value remains aimost the same

throughout the process at lighter loads.
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(ii) Coefficient of consolidation against applied
effective pressure, ’
(Figure 7.150).

General nature of the relationship is of a similar type
showing a decrease in ¢, at lighter loads and an increase
with higher loads. At very high loads the Cy value tends
to remain constant.Thicker sample exhibits higher values of
Cy compared to thinner ones.

(iii) Compression index against applied average
effective pressure.
(Figure 7.151).

General trend of curves is similar for the thick and the
thin samples except in the initial portion of the curves.
Thick samples show an initial hump unlike the thin samples.

(iv) Percentage secondary compression agaihst effective
applied pressure.
(Figure 7.152).

Thicker samples exhibit a lesser degree of secondary
compression than the thin samples. Under higher consolidating
loads the degree of secondgry compression is more or less same
in both the thick and thin samples.

(v) Parameter 'P' against applied effective pressure.
(Figure 7.153 and 7.154 to 7.169).

At higher consolidating loads the thick as well as the
thin samples fit closer to the Terzaghi. Practically under all

loads the thick sample fit nearer to the Terzaghi curve,
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Discussion 3

It is revealed from the previous discussion that the
flow path is not much influenced by tortuosity in semioriented
structure. The length,of flow path may increase or decrease
the time to reach 100% consolidation in soil for a particular
load. Thick sample will require relatively more time to reach
100% consolidation under light loads. In thick samples under
higher consolidating stress, the load potential dominates the
effect of longer length of drainage path and the rate of
consolidation increases. Therefore, with the increase in
consol;dating load the <¢yvalue in thick samples increases
while in thin sample after some increase in Cy value, it
remains more or less constant. A small hump in thick sample
at light loads in the compresgion index average pressure
curve is attributed te the lag in dissipation of water from
the longer drainage path with the physico-chemical environment.
‘After attainment of the equilibrium conditions under the
higher stress, the physico-chemical effect will be more or
less the same both in the thin and the thick samples and
therefore the degree of secondary compression will be also the
same. -As the hydrodynamic lag will be less at high loads the

thick sample fits nearer to the Terzaghi curve,



