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The aim of this project " Rapid Consolidation Tests",
was to sce whether the soil consolidation paramcters found by
Rapid Consolidation Tests arc comparable with the ones obtai-
ned by the Standard Consolidation Test, for the purposes of
cstimating soil settlements,., Laboratory prepared mixtures of
8ilt-clay soil with Bentonite werec tested, and thus a wide

range of soil plasticity was covered .

It was found that these soil paramecteres are in reca-
sonable agreement in most cases. The differences are certain-
ly below the level of engineering significance. Also it was
found that the applicability of the Rapid tests (i.e.whether
it can be completed in a working day ) was limited by the

Activity of the clay of the soil .
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TERMS AND DEFINITIONS

The definition of the terms which will be adopted in
this project, as well as their respective symbols and dimen-—
sions, arc in closc agreccment with thosc rccommended by the
" Amcrican Socicty of Civil Engincers ", Soil Mcchanies Jour-

nal vol. 84, proc. paper 1826 ( I958 ).

If no dimension is added, the symbol indicates a di-

mensionless term. They arc as follows:-

a, ( cmg/kg. ) Cocfficient of compressibility.- Is the
sccant slope, for a given pressure incre-

ment, of the " Pressure-void ratio curve®.

Ce Compression index.- Is the slope of the
lincar portion of the " Pressure-void ra-

tio curve," on a scmilog. paper:

o cmg/min ) Cocfficient of consolidation.- Is a cocf-
ficicent containing the physical constants
of a " Soil " affceting its rate of volumc

changc.




L.L.

( cmz/gr. )

( kg./cm2 )

( em

( co/scg )
( xg/cn )
( min )

~ L d

Modulus of volume compressibility.- Is the
compression of a " Soil " layer per unit
of original thickncss due to a given unit

increase in pressurc..

Excess hydrostatic pressurc.- Is the pres-
sure that cxists in porc water in cxcess of

the hydrostatic pressure.

Drainage path.— Is the half-thickness of

soil layer in double drainage.
Cocfficicnt of permeability.
Applicd pressurc.

Time,

Timc factor.- 1Is the factor containing
the physical constants of a " Soil " stra-
tum influcncing its time-ratc " Consolida-

TIor iy

Void ratio.

Ligquid-limit . .
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&V ( gr/cnm

Thixotropy

C.F.
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Plastic limit.

Plasticity index.- Is the numerical dif-
ference between the liquid limit and the

plastic limit.

Moisture content.- Is the ratio cxpressed
as a percentage of the weight of water in
a given " Soil " mass to the weight of so-

1id particles,

Specific gravity of solids.

Unit weight of water.

The property of a material that cnables it
to stiffen in a relatively short time on

standing, but upon agitation or manipula-
tion to change to a very soft congistency
or to a fluid of high viscosity, the pro-

cess being completely reversible.

Clay fraction.- Perccentage by weight of

particles fimer than 2 microns.
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Act, Activity: ( 1 )= Is the ratio of the plastici-
ty index to the clay fraction.
For inactive clays- activity <€ 0.75
Normal clays - activity 0w to 1,25
Active clay - activity > 1.25

(1 ).~ Concept introduccd by Skempton to describe the col-
loidal " Activity " of elays. 3rd Intcrnational con—

ference, Soil Mechanies. vol. 1. 1953,
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CHAPTER T

INTRODUCTION

The study of soil settlement under various structures is

of a primary importance for the foundation enginececr.

The problem of most concern is when differentisl settle-
ment occurs among the various parts of the structure, which to
gether_with the problem of the uniform settlement, may cause
total or partial damage to buildings, dams, embankments or to

the services of the structure.

The magnitude of the total settlement that a soil will un
dergo under the load of a structure, and the settlement that
may occur at any time during the life of the structure, could
be estimated by obtaining the soil parameters from o consoli-

dation test .

The consolidation test is the laboratory application of
Terzaghi's Theory Of Comsolidation, where a soil sample is al
lowed to come into equilibrium under a series of loads, so that
a relationship between void ratio- applied pressure and time

-~ consolidation relationships can be cutained .

In the standard consolidation test, the load is applied

in daily increments, with the standard increment ratio of
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AP/P = I, where the total load is doubled each 24 hours.

In this project " Rapid Consolidation Tests", the dura-
tion of the load is reduced to the duration of the primary
consolidation only.i,e. the next increment is applied as soon
a8 the primary compression in the preceding increment is over.
This is reasonable for soils that exhibit little or no secon
dary consolidation; hence, the consolidation test will be com
pleted in few hours in comparison with several days for the
standard test. This means a considerable saving in machine

time, hence, reducing the unit cost of testing.
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CHAPTER  II

PURPOSE AND SCOPE

The purpose of the present work is to investigate the of
fect of the following factors s-
I - Duration of loading,
2 - Load increment ratio .,

3

Increased drainage at sample boundaries.

4 - A higher initial load.

With a view to determine whether the soil parameters found by
such rapid consolidation tests, are comparable with the onecs

obtained by the stondard test.

Thé tests were conductcd using slurried samples of silt-
clay mixtures, obtained by combining a natural silt-clay soil
from Rachaya(Tebanon ), with different amounts of Bentonite
(Montmorillonitic Clay). These mixtures were tested by both

standard and rapid consolidation tests,

The data obtained from the various tests are presented in
this work, and an attempt is made to interpret the significan

ce of the results.
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CHAPTER TIT

THEORY OF CONSOLIDATION

The first theoretical treatment of consolidation, was mad-
by Terzaghi in 1923, and, for lack of a better working model,
this theory is still usced today, by foundotion engineers.
Terzaghi considered that the consolidation process was a grad
ual transfer of load, from the pore water to the soil skelcton,
the speed of this tronsfer being controlled by the rate at

which pore water drains from the soil,

The consolidaotion process was considered complete when
all applied load was taken by the soil skeleton, i.e.the ex-
cesg hydrostatic pressure caused by tﬁe applied load, was zero.
The amount of volume change, or consolidation would be con-
trolled by the excess hydrostalic pressure, and in the Terza-

ghi theory this was considered equal to the applied load.

It is well known that this concept ignores the phenomenon
of secondary congolidation, (which is a gradual process of wvol
ume change, due it is thought to a slow readjustment of clay
particles within the soil). In highly plastic and  organic
clays, secondary consolidation can contribute largely to the
total consolidation process. The theory also implies that pri
mary consgolidation - the drainage of pore water, as above and

secondary congolidation, are two separate processes, secondary
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consolidation starting when the primary is completed. Despite
these shortcomings, the parameters used for settlement analy-
sis are obtained from fitting the results of a consolidation
test, to the theoretical curves obtained from the Terzaghi's

Theory.

In order to develop theoretical equations, Terzaghi made
certain simplifying assumptions.
Assumptions are as follows :-
The soil is homogeneous.
The compression is one dimensional, i.e.no lateral expansion
is allowed .
The so0il is fully saturated .
The pore water and soil skeleton are incompressible.
The drainage of pore water is governed by Darcy's ILaw,
There is one dimensional flow of pore water.
There is a straight line relationghip between pressure snd void

ratio .

Incorporating these assumptions, and equating change in
volume to rate of drainage of pore water, the result is = par

tial differential equation

-
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With 3 and * Tbeing independent variables in dircction of
flow and time and U the dependent variable of excess hydro-
static pressure. The quentity C,, is a soll parameter nonmed

coefficient of consolidation, which can be expressed as : -

cu - K (1+e)

. qv.\‘w
With the appropinte boundery conditions, this equation is sol

ved in terms of avernge consolidation of a layer of soil, and
o dimensionless parameter T - the time factor., The solution
is expressed conveniently in the form of a curve relating U &
T so that it is general, ~nd once the curve is available, no

further use is made of the ecuations.

In order to relate the results of a consolidation test
to the consolidation theory, it is necessary to fit the expe-
rimental data to the theoretical curve U versus T and in
this way the time- compression data from the experiment, is
converted to a time- consolidation curve, the link between

theoretical and actual curve being O, 1l.e.

d-_iqz__
Therefore, time - consoiidation estimates can be based upon
the above equation and acmount of settlement can be obtaincd

from experimental changes in volume during specific load incre

ments, usually by means of &, o C¢

It is clear from the above considerations that only the

consolidation due to the prinary process is nccounted for .,



However, with soil in which the secondary consolidation pro~
éess ig significant, it is reasonable to ogsume thnt some of
the secondary consolidation is incorporated in the priumary

part and is thus not completely ignored in settlement ernti-

mates.

In order to fit the experimental data to the theoretical
U =T relationship, two methods can be used, These methods
which relate 1gboratory data of compression dial versus tine
are o8 follow s -
The square root of time fitting method,; devised by Taylor(I948)
and the logerithm of time Ffitting wethod devised by : -

A

A. Casagronde .




However, with soil in which the secondary consolidation pro-
cess is significant, it is reasonable to assume that some of
the secondary consolidation is incorpdrated in-the prinary
part and is thus not coumpletely igndred in settlement enti-

mates.

In order to fit the experimental data to the theoretical
U-T relationship, two methods can be used, These methods
which relate lgboratory data of compression dial versus tine
are o8 follow 3§ -

The square root of time fitting wethod; devised by Taylor(I948)
and the logarithm of time fitting wethod devised by : -

A. Casagrande .,




CONSOLIDATION TEST ( STANDARD AND RAPID )

As defined in " glossary of terms and definitions in soil
mechanics ", A.S.C.E. proc. paper I826(I958) , a consolidation
test is a test in which the specimen is laterally confined in

a ring and is compressed between porous stones.

The standard procedure generally adopted for the consoli
dation requires that each increment of load is applied to the
test sample for a time sufficient to ensure the completion of
primary consolidntion, so that the point of I00% primary con-
solidation can be found, according +to theory. This time is
usually taken as 24 hours, and in meony types of soil, such a
load increment time nllows o substantinl amount of sccondary
consolidation to toke place: therefore, in the st-ndard teat,
where the load increment ratio is I ( the load of next incre-
uent is twice the lond of the preceding one ), depending on
the range of Ionds used, ~nd the amount of unloading ~nd re—~

loading required, the test nay tnke more or less danys to com-

plete.

For soils that exhibit little Or no secondary consolidae
tion, and for routine investigations for settlement ealeulne
tions, there would seem to be no remson why the " increment
time " in the consolidation test cannot be reduced to the durge

tion of the primary consolidntion only,
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This tiwme may be very short,- a matter of minutes rather than
24 hours- and consequently a complete "ropid " consolidation
test can be completed in a few hours, This would mean thot con
solidntion mnchines would not be tied up with one sample for
long periods, nnd also settlement estimates can be obtained in
a much shorter time than presently possible. To reduce fur-
ther the loading time, higher load increment ratios may be

used to speed up the primary consolidation process.

This concept of o ropid consolidation test is not new;
Karol ( I951I ) compared 20 minutes and 24 hours increments on
gamples I/2" high. Worthey (I956 ) compared 20 minutes and
24 hours increments on sanples 3/4" high, and Leonards and
Ramiah ( I959 ) compared 4 hours and 24 hours increments  on
samples I I/2" high. The results from the above mentioned
work shows good agreement with the standard test. However,
all this work was done on specific soils from specific areas,
and at present, no work has been attempted +o investigate
fully the potentinl of the rnpid consolidation test over o

wide range of soil types.



-~ 10
CHAPTER IV

EXPERIMENTAL WORK

The cxperimental work donc on the different soils of

this projcet are prescnted beclow.

1- S0IL DESCRIPTION

The samples on which the togts were carricd out consgis-
ted of silt-clay mixturcs that ranged from I2% to 68.1% of clay
fraction. Thesc mixturcs were obtained by combining a2 natural
8ilt-clay soil from Rachaya (Lebanon) with differont amounts
of Bentonite ( a montmorillonitic glay ).

The consideration governing the choice of Laboratory ma
de rather than undisturbed samples, were as follows:- g

a- With the prescnt sampling cquipment avallable, it
could be difficult to obtain good undisturbed samples in the
field.

b~ From the point of view of time available, morc soil
types could be tested, and morc teosts performed by using labo-
ratory madc samples.

¢~ A wider range of plasticity could be obtaincd by ar-
tificial mixes, than could be obtained by undistrubed samples.
These cowmbinations of Rachaya and Bentonite were made on

the basis of dry weight. c.g. per 100% of weight of B1OR90O, 10%

and 90% per weight corresponds to Bentonite and Rachaya respce-

tively.
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The only deviation from this proccdurc was the samplc
callcdg " Silt-Rachaya ", This_soil was obtaincd by mixing
in water for 10 minutes, 75 gr. of Rachaya with 2 C.C. of dof-
locculating agent ( 10% Selution of Daxad 23 ); Water was
added to bring the level to the 1000 c.c. mark., This solution
was then allowed to scdiment in a graduated cylindor ( 1000 c.c.
capacity ) for a period of 10 hours approximatcly. At the cng
of this pcriod, the 801l which had accumulated at the bottom

was taken and dricd, This period of 10 hours fer the timc

of scdimentation, wag fouad by a trial ang crror mcthod bascd
on the hydremcter analysis of Rachaya.

Thus cight mixturcs were obtained, with Perecentages of

Bentonite varying from 5% ( B5R95 ) to 75% ( B75R25 ),

11~ SOIL PROPERTIES:

The following tosts werc performed on the soils uscd in

this project, the rcsults of whiech arc presented in table 1,

A= Grain Sizc Analysis: A combined grain-size analy-
sis ( sieve ang hydrometer ) was performed on the " Rachaya "

and " Bentonite samples, in order to fing their respeetive

granulomectric curves,

These results wore uscd to find the &ranulomctric

eurves of the differeont mixturcs, bascd on the method of BTOpET-
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tioning mixturcs of aggrcgate by Rothfhehs (I935). In order
to check this method, hydrometer analysis were carricd out
on the mixturcs BLOR90 and B50R50. It was found that the

results agreed within 2 or 3 %, honce Rothfuchs method was

adopted for the rcost of the granulometriec curves.

The granulometric curves of the 10 soils arc ziven

io fige 1 & 2.

The clay fraction content of cach soil was thus ob-
taincd from its granulometric curve, and are listcd in ta-

ble 1.

b~ Attcrberg Limts: Liquid limit and plastic limit

tests were performed on cach type of soil according to
standard proccdurecs. The above determinations are presen-

ted in table T.

c~ Specific Gravity: The specific gravity of so-

1ids Gs was determined for cach soil by the density bottle
method, using a 50 m.1l. dcnsity bottle. Because of the
swelling propertics of the Bentonite in water due to its
high liquid limit, keroscnc was used as the displacing 1li-

gquid in thcecsec determinations.
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SILT~-RACHAYA
RACHAYA
B5R95

B10OR90
B15R85
B20R80
B25RT75

B50R50

B75R25

BENTONITE

36

38

42

5e

68

86

104

191

320

418

19

20

21

&2

24

26

28

30

43

28

ik T ——

R - O.P, $ACPIVITY
i 12 T4l
18 20.2 0.89
21 22.4 0.94
30 24.8 1.21
44 7.8 1.62
60 29.6 2.03
76 32,0 2,57

161 44.0 3.66
277 56.1 4.94
366 68.1 5.37

Table No.

1s
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111- CONSOLIDATION TESTS ( STANDARD AND RAPID )

For cach type of soii one standard and four rapid tests
were conducted. The discussion of these tests arc given below,

a- Equipment Deseription: The consolidation tests were

performed on ocdometers designed by " ClockHousc Engincering

L.T.D. " England., that have a lcver ratio of 11 to 1

Tests were performed in ccll® of the fixed ring type
( where all the spccimen movement relative to the ccll is down-

ward ).

Each cecll consists of a sampling ring 3 inch internal dia-
meter, 3 1/4 inch cxternal diamcter, 3/4 inch high, with a sharp
bevelled cdge up, and blunt cdge down. Porous stoncs for froc
drainage were provided to both faces of the samplc, which was

kept completely saturated during the entire testing period.

Volume change werc indicated by a singlc dial gaugec gra-

duated in 0.0001 jinch.

b- Testing Techniquc: The technique uscd in the conso-

lidation tests are a reosult of studics, and trial and error me-
thods, of the faetors that might have significant influcnce in
the rosults. Thesc factors, as well as the technique involved

arc listed below and discusscd later.

[y
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1- Soil sampling.

2- Duration of loading.

3- Load incrcoment ratio.

4~ Incrcascd drainagc at samplce boundarics.
5~ A higher initial valuc of load incrcment.

6— Side friction e¢ffcet.

1- Soil Sampling: Thc work has becen donc with slurried

samples of the diffcercent laboratory made mixturcs of Rachaya
and Bentonitce as described before. Slurricd samples were mixed
to a water content corrcsponding to only a few blows of the li-
quid limit, in ordcr to casc¢ thc manipulation and preparation
of thc sample. Thus, an initial starting point of watcr con-
tent for standard and rapid consolidation tcsts was achicved,
facilitating the comparison of thc rcsults. After preparation.
slurricd samplcs werc tested as soon as possible, in order to

avoid an incrcasc of the strength of the watcrial by thixotro-

PY »

It was found, that for thc mixtures of high pereccntage
of Bentonite, namcly B20R80, B25R75, B50R50, B75R25 and Bento-
nitc, the initial starting point of water content corrcspond-
ing to a few blows beclow the liquid limit resulted in excessive
compression,- duc to high compressibility of the wmontmorillo-
nitc together with high void ratio of the soil,- and the ocdo-

meter machine got stuck carly in the loading sequencc.
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Two alternative proccdurcs were tried for thcse soils:~

1- To start with a water content very much below the
liguid limit,

2~ Kcep the original water content but usc smallcr
loads c.g.- an initial load of 1/32 kg. / co® Both alterna-
tive resulted in a high loading duration, and it was apparcnt
that it was impossible +to completc a rapid consolidation tost
in a working day. Thus, for the purposc of this proscnt pro-
jeet, the above mentioned soils were discardod.‘ The high load-
ing duration may bc cxplained in the first casc by the pore wa-
ter being held by capillary action, at low moisture content, In

the sccond case, by a slow volumc chan ge at low load increments.

2- Duration Of Ioading: As mentioned before, onc stan-

dard and four rapid tests were conducted for cach soil. In the
standard test, the duration of the loading was 24 hours, and in
all the rapid tests described in this projcct, the duration of
loading was takcn as the duration of +he Primary consolidation
only. This time of primary consolidation completion was obtai-
ncd by applying the squarc root of time fitting method to the
laboratory data of comprecssion dial versus time. These rosults
were plotted whilst the teost was being carricd out, so that

loads could be changed without delay.
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3- Load Incrcment Ratio: In the standard test, the

load increment ratio is 1,- the load of the next incrcment is
twice the load of the preceding onc.

In the rapid tests, a load increment ratio of 1 was also used,
together with a load incroment ratio of 2 and 3, - wherec the
load of the next increment is threc and four times the load of
the preceoding onc respectively. The reason of having higher
load increcment ratio is to rcducc the time of the consolidation

test, by means of recducing the number of load increcments.

4- Increcascd Drainacc At Sample Boundaries: The of-

fecet of the application of filter paper between the soil sample
and the porous stoncs in the rapid tcsts, was also studied.
Thus, rapid tests having filter paper were conducted for the
following soils namcly:-— Silt-Rachaya, Rachaya, B5R95, and
B10OR9O0,

5~ A higher Initial Toad: In order to reducc further
the duration of the rapid tocsts, an initial load of 0.5 kg / om?
instcad of the standard initial valuc of 0.25 kg X cn® wore con-
ducted in 2 soils, namcly BLOR90 and B15R85. Thesc soils wore

chosen in view of the high load duration of the first incrcument,
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6- Side Triction Effcct: The coffcet of sidc friction was

not considercd in this projeect duc to a lack of time. A thin coat-

ing of grecasc was applicd to the intcrior face of the ring in or-

der to rcducc this cffect,
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CHAPTER V

PRESENTATION AND DISCUSSION OF RESULTS

Only thc results of the consolidation tests carricd on the
soils Silt-Rachaya, Rachaya, B5R95, B1OR90 and B15R85 arc prc-
sented in this chapter, since results of the consolidation
tests on the remaining mixturcs namely B20R8, B25R75, B50R50,
B75R25 and Bentonitc, were impossible to achicve, due to rea-
sons mentioned before. They arc prescnted in appendix "AM di-
rectly in graphical form. A tabulation of the rcosults can be

found in appendix "B".

Of primary intercst, in comparing thc standard and rapid
tests, is the comparison of paramcters uscd in scettlcuent
analysis, namely a, and Cye The log. pressure-void ratio
curves are thus plotted, together with curves of log.p - a,

and log.p - Cyo for both gtandard and rapid tests.

COMPARISON OF RESULTS

a- Void Ratic - log. Pressurc Curves: PMig. 4 shows

the ¢ - log. p curves of the five consolidation tests (one
standard and 4 rapid) carricd out on Silt-Rachaya, Similar
presentation is made for the other soils and arc shown in

fig. 6, 8, 10 and 12,

It will be scen from these graphs, that-for cach type
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of soil- an agrcemcnt of slopes is obtained for the various ra

pid tests comparcd with the standard one. Thore is however a
tendeney for the ¢ - log.p curve of the standard tost to rem
main below the others, This way be explained, because in the
standard test, lower'void ratios can be achicved due to the
fact that we arc allowing the sample to compress for more time
(specifically 24 hours) hence, some secondary consolidation
can take place. This caninot be considered as a general rulce
from the results, and cxceptions may be considecred as wvaria-
tions in the samples. The main intcrest in thesc curves for
the purposc of this projcet, is the slope, as both compressicn
index Cc and cocfficicnt of compressibility a, arc a function
of the slope. The close agrcement of the slopes of the ¢ -
log.p curves for the Standard and Rapid tests, is illustrated

more clearly in the comparison of the a, - log.p curves,

b- Cocfficient of Compressibility &y = _log.Pressurc:

Fig. 5 shows the a, - log.p curve of the standard test of
Silt-Rachaya, together with the corresponding 4 rapid tests.
Similar presentation is made for each one of the other Sella.,

and arc shown in fig. 7, 9, 11 and I3.

It will be scen that apart from the first fow ine
crements, the agrecment betwcen the rapid and standard tests
is quite close. The scatter of results in the first incro-

ments,may be cxplained by the initial conditicons Varying
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for cach sample. It is suggcested that the major rcason here is
the thixotropiec rcgain in strength duc to the Bentonite, which
will vary with the Bentonite content - the ceffect being greater,
the higher the bentonite content - and with the time between

preparation of samplce and starting the test.

The 8 = log.p curves of the standard tests of the diffe-~
rent types of soils arce shown in fig. 3. It can be scen that a
is smaller the lower the clay fraction present in the soil; Al-
though these curves are scparated in the first few increments,
the tendency is to converge to a common value of a, as the sc—-
quence of loading is progressing. This behaviour may be cxplai-
ned by the fact that for hisher % of Bentonite, higher wvoid ra-
tios arc obtained. As the pore water drains, the rate of change
of the wvoid ratio with respect to pressure is larger at these
high Bentonite contents, compared with the same void ratio

changes at lower Bentonite content.

c— Coefficicnt of Consolidation cy — log. Pressurc @
Simmons (I965) found that for undisturbed norwegian clays,
Casagrande's logarithm of time fitting method usually gives
more reliable results than Taylor's wquarc root method for the
determination of 100 % consolidation. Also for standard tests,

the usual curve fitting method used is the Casagrandc log. me-
thod, as thc asymptote of the time ~ coumpression curve is usual~
ly well defined. Morcover, from the mathematical solution for

the consolidation expression, it can be said that T = 0.I97 at
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U = 50 % gives more accurate rcesults than T = 0.848 at U = 90%
and hence Cy is usually calculated, using the time for 50 %

congolidation,

In order to compare the cocffisient of consolidaticon B
for the standard and rapid tests, a basc of cowmparison of By
for the standard test based on U = 50 % from the log. fitting
method is taken, due to reasons given above. The log. fitting
method canmnot be applied to the rapid tests, since the asynp-
tote of the consolidation curve ( compression dial - time )
cannot be obtained because the sample is not allowed to con-
gsolidate more than the 100 % of primary consolidation. For
these reasons exposced above, a value of Cy for all the rapid

tcsts is taken based on U = 50 % from the squarc root of time

fitting method ( Taylor 1948 ).

Sample construction of Cop Tfor both square root of

time and log. fitting wmethods are given in appendix " ¢ ",

Pig. 15 shows the By ™ log. p curves of the five ~on-
solidation tests ( one standard and 4 rapid ) carried out on
Silt-Rachaya. Similar prescntation is made for the other soils

and are shown in fig. I6, I7, I8 and IOQ.

It will be scen from thesc graphs, that - for each
type of soil - therc is & good agrecment between the rapid

and standard tests. More this agreccement being closer the
higher the Bentonite content. This closer correlation for
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the values of Cy in soils with high percentage of Bentcnite
could probably be cxplained by the fact that the relative eTrYoYr
of fitting the time - compression curve to the theoretical

consolidation curve, is less the larger the consolidation time.

The g, = log. p curves of the standard tests of the
different types of soils arec given in fig. 14. Prom these

curves it may be scen that :-

1- The cocefficient of consolidation Cs decrcases as

the percentage of Bentonite increasc. This may bc cxplained

by the permeability - being less in soils with a higher clay
content ( ¢, is proportional to k ). It rcquires more time in
soils with high pcreentage of Bentonite to achieve the same
drainage path than in soils with low percentage of Bentonite

( high permeability ).

2- The variation of the valucs of cy ( between any
two limits of pressure ) is less when more percentage of Ben-
tonite is present. This may be cxplained by considering By is
proportional to H%/ t . In soils with a low Bentonite contont,
( c.z. Rachaya ) it was found that H2/t increascs as applied
pressure incrcases. i.e. t is decrcasing more rapidly than H2.
On the other hand, with higher Bentonite content changes in
Hz/t arc sSmaller, as changes in H2 are comparable to changes

14 %



EFFECT OF: CLAY CONTENT AND  ACTIVITY

It is cxpeected that the time and amount of consolidation
would increcase as the amount of clay in the soil increasecs.
Another factor influcencing the consolidation characteristics
would be the plasticity of the clay,., Generally high plastic
clays show a greater amount of sccondary consolidation and hish
consolidation timo; As plasticity is a function of the type
as wcll as of the amount of clay, a useful paramcter to cxpress
the relationship of these two factors, is Skemptonts " Activity",
defined as P.I./ % clay. Using this parameter, it can be shown
that some types of elay, c.sc. montmorillonitc have a large cof-
fect on the Plasticity, althosh the amount of montmorillonite
is quite small, Such clays arc called active clays. Conversc-—
1y, inactive clays such as kaolinite, althosh present in large

quantities; do not have a marked cffect on the Plasticity.

An important consideration for the application of the
Rapid test to a particular soil, is the time taken for the pri-
nary consolidation to be completed for each increment of loads
and whether the whole loading sequence can be completed within
a working day. Using the clay content and Activity as quanti-
tative parameters, an attempt has been made to correclate these
quantitics with time of consolidation in order to both the a-—

nount and typec of clay present in a soil will restrict the ap-
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plication of a rapid test. Thesc correlations arc shown in Fig.

20, 2T and 22.

Pig.20 shows the rclation between clay content and act-
ivity. Also shown in the sanme graph arce the activitics of the
three wmajor clay minerals: kaolinite, illite, and montmorillo-
nite ( Na. and Ca. )- after Skempton(I953). It is secn that
with the samples uscd in this projeet, as the quantity of Ben-
tonite is increasing, therc is a rapid increasc in Activity
until a limiting Activity is rcached with Bentonite (bentonite
I00 % ). Prom the indicated values of Activity for the other
clay minerals, it is clear that with increasing contents of
such clays in a soil, thc activity rcached would be limited by
the Activity of the clay mineral itself, and corresponding
curves would be less steep. The actual curve shown therefore

may be considered as upper limit of normal clay soil activities.

Fiz. 2I shows the relationship of total time for 90 %
eonsolidation in the rapid test, and clay fraction content for

2

pressurcs between 0 and 8 kg./cn . As expected, as the clay

content increascs, the time for 90% consolidation increases.

Fig. 22 shows the relation of Activity and total tinme
for 90#% consolidation in the rapid test for pressures betwecn
0 and 8 Kg./emz, and it is shown that as Activity increcases,

tine of consolidation increcases.
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Prom thesc curves, it can be scen that considering a
nornal 8 hours working day ( 500 min. approx. ) the liniting
clay content for the mixtures used was 25.5 %, and Activity
was I.3I. However if a soil containe an inactive or normal
clay such as kaclinite and illite for example, it would have
a lower Activity.for a higher percentage of clay fraction.
Thus on the basis of Clay Fraction a rapid test could not be

applied, but on the basis cf Activity it coulad.

It would appear that the nmore meaningfui factor giving
whether or not a Rapid test can be applied to a particular
soil is the Activity, as this parameter indicates the pro-
perty of the clay in terms cf both Plasticity and Clay Prac—
tion. Based upon this, the limiting hAetivity for an 8 hours
working day is I,3I. Unfortunately there was not cnouch
tine available to check this conclusion by carryings out

rapid tests on actual soils,

EFFECT OF DURATION OF LOADING

It was found from the results obtained, that the
duration of loadin~ does not have marked influcnce in the
deternination of the soil consolidation parameters, and any
difference obtained-between the standard and rapid consoli-
dation tests- arec guite small and certainly below the level
of engineering significance when one considers the other sour—

ces of uncertainty in settlement computations .



EFFECT OF LOAD INCREMENT RATIO

It was found that higher load increment ratio, docs not
result in marked differcnce in the determination of the soil
consolidation parametéros, yet the total time is reduced.
The higher the load increment ratio, tre lower time is ro-
quired to complete a rapid consolidation test. This can be
illustrated in table N® 2, which relates the total time re-
quired to achieve 90% of primary consolidation in rapid -
tosts, for A P/P =1 and AP / P =3, and for pressures
between 0,0 Kg/Cm2 and 4 kg./ cm® . The rosults of rapid
tests carried out with A P/ P = 2, could not be directly
compared with the above results, since the time taken to
consolidate +to a pressurc of 4 Kg. / cme, could not be

exactly determined .

TIME 4in Minutes for

S 80IL ——
DESCRIPTION AP /P=1I AP/P =3
RACHAYA 99 77

B5R95 240 #1756
BIOR9Y0 309 275
BI5RE5 744 | 560

T oe3 -

Table N°. 2
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EFFPECT or INCREASED DRAINAGE AT SAMPLE _ BOUNDARIES

It can be seen from the results of the rapid consolida-
tion tests performed with the placing of filter paper between
the sample and the porous stones, that altheughthe soil con-
solidation parametcrs found by these tests arc comparable with
the ones found by the standard test, yet the total time of
completion of 90 % primary consolidation was not lower than
of a similar rapid test performed without filter paper. This
can be illustrated in table N°,3, which rclates total time
required to achicve 90 % of primary consolidation in rapid
tests for A P / P = I, one done with filter paper and the
other without it, for limits of pressurec between 0.0 Kg/cmz

and 8 Kg cm2 3

TIME in Minutes for

SOIL — ——— e
DESCRIPTION AP/P=1a4aP/P=1F.P.
RACHAY A 107.5 104
B5RO5 258 255
BIOR9YO 336 376

v —

Table N°, 3



EFFECT OF A HIGHER INITIAL  T.OAD

It can be scen from the rosults shown below for the
Rapid Tests on the soil BI5R85, that the effcct of a higher
initial load of 0.5 Kg. / en® instead of 0.25 Kg. / om® was

to decrease the total time of 90% of primary consolidation :

Although this is the result of only one sample which
has a high clay content, it is expeéted that similar results

would be obtained for lower clay content,

Tine for AP /P =1, for initial value of 0.25 kg / om= TA4mir,

Time for AP /P = I, for initial value of 0,50 kg / cm®= 5Iomin.

EFFECT OF SIDE _PRICTION

This effect was not studied due to a lack of time,
An attenpt was made to reduce this effeet by applying a
thin layer of silicon grease on the inner face of the

consolidation ring.
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CHAPTER VI

Data from the rapid consolidation tests described

in this project,

arc in rceasonable agrcemcent with those ob-

tained from the standard test. Considering other sources of

error in settlement computations, the differences obtained

are below the level of encineering significance.

The following conclusions may be drawn:-

P

Reducing the duration of loading to that
of primary consolidation only, does not
affecet the coefficient of compressibility

av nor the coefficient of consolidation Cye

Increasing the load increment ratio, toaP/P =
2 andsP / P = 3, decrcases the time of pri-
mary consolidation, and dces not significant-
ly affect the values of a, and Cye
Increasing drainage facilities at sample
boundaries by the inclusion of filter paper
between the sample and the porous stones,
floes not scem to have significant effect in
decreasing the duration of primary consolida-
tion, at least for the samples tested in thi.

project.

aff =
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4- A higher initial value of load increment,
ig effective in decreasing the time of
primary consolidation. Practical applica-
tion of this conclusion, would be governed
by the range of loading required in the

settlcment analysis.

5- Soils with high plasticity have large
consolidaticn time which will restrict
the anplicability of the Rapid tests.
Describing the scil in terms of its acti-
vity rather than of clay fraction alone,
the upper limit of activity for Rapid
tests to be carricd out within 8 hcurs is

e 215

Concl usiocns 3 and 5 must be considered
as tentative, and could be modified in the

light of further work.
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