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ABSTRACT

The present study has been carried out to investigate the effects of sampling disturbance on

mechanical behaviour of reconstituted normally consolidated and overconsolidated Dhaka clay

(OCR values of 2, 5, and 10). Disturbed Dhaka clay samples were conected from Rupnagar

Housing Project, Mirpur-ll, Dhaka. The clays were low to medium plasticity (ll = 47, PI= 26).

Reconstituted normally consolidated samples of Dhaka clay were prepared in the laboratory by

Kc-consolidation of slurry in a large cylindrical consolidation cell using a consolidation pressure

of ISO kN/m2 while overconsolidated samples having OCR values of2, 5 and 10 were prepared

by reducing the maximum pressure of 150 kN/m2 to 75 kN/m2
, 30 kN/m2 and IS kN/m2

respectively. "In situ" samples were prepared (by consolidating 38 mm diameter by 76 mm high

specimens under Ko-conditions in the triaxial cell) to its "in situ" stress state. "Tube" samples of

various OCR values were prepared from the large diameter consolidated sample by inserting

samplers of different area ratio, external diameter to thickness ratio (Djt) and out~ide cutting

edge angle (OCA). The area ratio, Delt ratio and OCA of the samplers varied from 16.4% to

73.10/0, 27.3 to 8.3 and 5° to 200 respectively. Normally consolidated and overconsolidated

"perfect" samples were prepared from respective "in situ" samples by WK!rainedrelease of the

total stress in the triaxia1 cell. Undrained triaxial compression tests were carried out on "in situ",

"tube" and "perfect" samples. "Tube" and "perfect" samples having OCR values of 2 and 10

were also reconsolidated isotropically and anisotropically under Ko-condition using Bjerrum

(CKoU-1.00'vc) and SHANSEP (-1.50'vc and -2.50' vc)procedures.

Disturbance due to perfect and tube sampling have significant influence on the mechanical

properties of norrnally consolidated and ovcrconsolidated Dhaka clay. Disturbance due to

perfect sampling led to reduction in the values of s" and Ap while Ei. Eso and f>pincreased

caused due to total stress relief. Because of perfect sampling undrained strength (s,,) reduced up

to 8.2% while, axial strain at peak deviator stress (f>p)increased up to 20.9"""for samples of OCR

value of 10. Due to perfect sampling pore pressure parameter at peak deviator stress (Ap) reduced

up to 90% while, initial tangent modulus (~) and secant stiffness at peak half deviator stress

(Eso) increased up to 14.0"/0and 19% respectively for normally consolidated sample. Due to total

stress relief for perfect sampling disturbance, the reduction in Su increases with increase in

OCR while, the increase in Ei Eso reduce with increase in OCR.



The initial effective stress (o'j) of "tube" samples reduced considerably because of disturbance

caused by penetration of tubes. Compared with" in situ" samples, values of s•• Ei, Esoand Ap

of the "tube" samples reduced while 6p increased. Changes in measured soil parameters

between the "in situ" and "tube" samples have been found to depend significantly on the

sampler characteristics (area ratio, D,It ratio and OCA) used for retrieving the "tube" samples.

The values of 0';, Su, and Ei were reduced up to 26.20/0, 43% and 62% respectively for

normally consolidated sample due to increase in area ratio from 16.4% to 73.1% (or reduction

in D,It ratio from 27.3 to 8.3). The respective reductions for normally consolidated sample due

to increase in OCA from 4° to 15° are 21.90/0,38% and 60%. Values of &pfor OCR values of

1 and 5, increased up to 57.7% and 52.6% due to increase in area ratio and OCA respectively.

A quantitative increase in the degree of disturbance (Dd) has been obtained due to increase in

area ratio and OCA. The results indicates that compared with normally consolidated

reconstituted Dhaka Clay, tube sampling causes relatively little degree of disturbance in

overconsolidated reconstituted Dhaka Clay. The reduction in initial effective stress due to tube

sampling reduces with increase in OCR. The increase in value of &pdue tube sampling reduces

with increasing OCR. For tube sampling disturbance, trend of small decrease in the reduction

of Su I rr' Ye, Ej I rr' vc and Eso I rr' vc obtain with increasing OCR. However, significant increase

in reduction of Apwith increasing OCR has been observed

It appeared that for good quality sampling, a sampler ought to have a well combination of area

ratio and OCA. In order to reduce disturbance due to sampling in soft Dhaka clay, area ratio and

OCA of sampler should be kept practically as low as possible. A correction curve has been

provided from the plot of strength ratio versus overconsolidation ratio for samples of Dhaka

clay. This correction curve can be used to find the perfectly undisturbed strength of the tube

samples retrieved of Dhaka clay for use in analyses and designs.

Isotropic reconsolidation (CnJ-l.Oo've) has the effect of gross overestimation of "in situ"

strength, 6p and E; for the "tube" and "perfect" samples. It has been found that compared with

SHANSEP procedures reconsolidation using Bjerrum procedure (CKoU-l.Oo'vo) for both "tube"

and "perfect" samples of overconsolidated Dhaka clay, produced the best overall estimate of the

"in situ" properties in terms of undrained strength, stiffness, strain and pore pressure response.
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CHAPTERl

INTRODUCTION

1.1 GENERAL

For the design of the foundations of structures, the geotechnical engineers require a knowledge

of the engineering properties of the foundation soils which are estimated either form results of

in situ or laboratory testing. Both procedures involve penetration of samplers or other rigid

devices in the ground that inevitably cause disturbance to the soil. In situ testing suffers from a

number of disadvantages and as such it is not an entirely satisfactory procedure. These

disadvantages include poorly defined boundary conditions in terms of stresses and

deformations and uncertain drainage conditions of the soil under investigation (Jamiolkowski

et al., 1985). Laboratory testing is carned out on soil sample having previously retrieved it

from the ground using some form of sampling procedure. In the laboratory the stresses,

deformations and boundary conditions can be readily and precisely controlled and observed

(Jamiolkowski et al., 1985). Sampling approach is therefore widely adopted

Broadly, the soil sampling procedure in clays consists of a number of different stages. Initially

a borehole is excavated or drilled to the desired sampling depth. The soil is then sampled using

a sampler. The soil sample is then brought to the surface and transported to the laboratory,

wherc it is tested The inherent problem with the sampling process is that it disturbs Ihe soil

sample. This disturbance can be significant, such that the behaviour of the soil in the laboratory

differs greatly from its behaviour in situ. The effect of sample disturbance on a clay soil

depends on many factors including the type of clay, the method of sampling, sealing, storage,

specimen preparation and testing procedure. Geotechnical engineers predict the behaviour of

the in situ soil based on soil parameters obtained from laboratory investigation of sampled soil.

Soil disturbance is often regarded as a significant problem because it is thought to prevent

acquisition of realistic soil parameters. It is therefore extremely important that geotechnical

engineers have a sound understanding of the extent, both qualitatively and quantitatively, to

which the parameters being used have been affected by the sampling process.
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During sampling, a clay soil is disturbed in two major ways.

(i) Firstly. mechanical disturbance caused when sampler is pushed into the soil. 1bis

disturbance is termed as tube penetration disturbance.

(ii) Secondly. disturbance caused by the release of the total in situ stress after the soil has

been sampled. Such a disturbance is called "perfect" sampling disturbance.

Soil distw.bance can be minimized by careful control of the whole sampling process and by

using properly designed sample tubes. In clays, one of the most important contributory

factors to sample disturbance is the precise design of the cutting shoe of the sampler being

used for sampling. The design of a sampler is one of the most important aspects that should be

considered for good quality sampling. The degree of disturbance varies considerably

depending upon the dimensions of the sampler and the precise geometry of the cutting shoe of

the sampler (Hvorslev, 1949; Kallstenius, 1958; Andresen, 1981; La Rochelle et aI., 1981;

Baligh et al., 1987; Tanaka et al., 1996; Siddique, 1990; Siddique and Sarker;I996, Siddique

and Clayton, 1995; Clayton et aI., 1998, Clayton and Siddique, 1999; Siddique and Farooq,

1998).

Locally made Shelby tubes are usually used for undisturbed sampling in most of the soil

investigation programme in Bangladesh. These sample tubes normally do not meet the

proper design requirements of the sampling tube and cutting shoe for good quality

sampling. As such, the samples collected using these tubes, do not represent the in situ state

and are often of poor quality. As a result, laboratory tests conducted on these samples do not

provide realistic soil parameters to be used for geotechnical analyses and designs. In fact, a

sampling tube should be designed in such a way that it retrieves samples subjected to

minimum disturbance.

A few research works were carried out to investigate the effects of tube sampling and

perfect sampling on the undrained shear properties of regional clays of Bngladesh (Sarker,

1994; Farooq, 1995; Siddique and Farooq, 1996; Siddique and Sarker 1997; Bashar ct.

aI.1997). Sarker (1994) investigated the effects of tube and "perfect" sampling disturbance

on the undrained shear behaviour of normally consolidated reconstituted soft Dhaka clay

while Farooq (1995) invetigated the influence of tube and "perfect" sampling on the

undrained shear behaviour of three normally consolidated reconstituted soft coastal soils.

2



Investigations on the effect of the design parameters of tube samplers (e.g., area ratio,

external diameter to thickness ratio and outside cutting edge of sampler) on the laboratory

measured soil parameters have also been conducted for normally consolidated reconstituted

soft Dhaka clay and soft coastal soils (Sarker, 1994; Farooq, 1995; Siddique and Sarker,

1996; Siddique and Farooq, 1998).

In fact, intact Dhaka clays are usually slightly overconsolidated at shallow depths. Although

a number of research works have been carried out to investigate the generalized behaviour

of reconstituted normally consolidated and overconsolidated Dhaka clay (e.g., Ameen,

1985; Kamauddin, 1990; Siddique and Safiullah, 1995; Shariful, 1999), no research has

been carried out to investigate of sampling effects on the mechanical properties of

overconsolidated Dhaka clay. The present investigation has, therefore, been aimed to

investigate the effects of tube penetration disturbance and perfect sampling disturbance on

the mechanical properties of reconstituted overconsolidated clay. Attempt has been made to

examine the effect of the design parameters of tube sampler, namely area ratio, external

diameter to thickness ratio and outside cutting edge angle, on the measured soil parameters

of reconstituted overconsolidated Dhaka clay. The present research also aims to assess the

influence of different reconsolidation procedures in order to minimize the possible effects of

both tube sampling and perfect sampling disturbance in the reconstituted overconsolidated

Dhaka clay.

1.2 OBJECTIVES OF TIlE PRESENT RESEARCH

The principal objectives of the research are as follows:

(i) To carry out Ko-consolidated undrained (CKoU) triaxial compressIOn tests on

overconsolidated (OCR values of 1, 2, 5 and 10) "in situ" samples to determine the

reference undisturbed behaviour of the overconsolidated Dhaka clay.

(ii) To carry out unconsolidated undrained triaxial compression tests on overconsolidated

(OCR values of 1, 2, 5 and 10) "tube" samples of reconstituted Dhaka clay in order to

investigate the effects of tube sampling disturbance on mechanical properties, e.g.,

strength, deformation, stiffness and pore pressure of overconsolidated Dhaka clay.

(iii) To investigate the effects "Perfect" sampling on stress-strain-strength, stiffness and

pore pressure characteristics of normally consolidated and overconsolidated (OCR

values of 2, 5 and 10) Dhaka clay.
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(iv) To investigate the influence of the design parameters of tube sampler (e.g., area ratio,

external diameter to thickness ratio and outside cutting edge angle) on the undrained

soil parameters of reconstituted overconsolidated (OCR = 1, 2, 5 and 10) Dhaka clay.

(v) To carry out triaxial compression tests on isotropically consolidated undisturbed block

samples of Dhaka clay having OCR values of 1, 2, 5, 10, 15, 20 and 30 in order to

develop a correction curve for correcting unconsolidated undrained strengtll of tube

samples of Dhaka clay.

(vi) To investigate the influence of isotropic recon'lOlidation and ani~otropic reconsolidations

using Bjerrum (1973) and SHANSEP procedures (Ladd and Foot!, 1974) in order to

assess the suitability of reconsolidation of both "tube" and "perfect" samples to minimize

sampling disturbance effects in reconstituted overconsolidated (OCR values of 2 and 10)

Dhaka clay.

The present research will provide a sound understanding of the effects of tube sampling and

perfect sampling on the engineering behavior of overconsolidated Dhaka clay. The results

will also enable to asses the influence of the design parameters of a tube sampler on the

laboratory measured undrained shear properties of overconsolidated Dhaka clay and thereby

indicate the appropriate method of sampling in overconsolidated Dhaka clay and to select

the appropriate design of sampling tube to be used for undisturbed sampling in

overconsolidated Dhaka clay. The present investigation will provide a basis for the

selection of appropriate reconsolidation procedure for undisturbed tube samples of

overconsolidated Dkaka clay before being sheared for the determination undrained soil

parameters for use in analyses and designs. Finally, the present study will provide a basis

for reevaluating and possible modifications of existing soil sampling techniques and

laboratory testing procedures for determining geotechnical parameters of overconsolidated

Dhaka clay.

1.3 THE RESEARCH SCHEME

The whole research work was earned out in accordance with the following phases:

(i) Firstly, sampling tubes having different cutting shoe geometry to investigate tube

sampling disturbance effects have been designed and fabricated.

(ii) Secondly, index properties of the Dhaka clay used in lhis study were determined

4



(iii) In the third phase, the engineering properties of "in situ" samples and "tube" samples

collected with samplers of varying area ratio and outside cutting edge angle for Dhaka

clay (overconsolidation ratios of 1, 2, 5 and 10) were detennined by perfonning

undrained triaxial compression tests.

(iv) In the fourth stage, behaviour of "perfect" samples was investigated by modelling

"perfect" sampling on "in situ" samples having OCR values ofl, 2, 5 and 10.

(v) In the ftfth phase, undrained triaxial compression tests were earned out on isotropically

consolidated undisturbed block samples of Dhaka clay having OCR values of 1, 2, 5, 10,

15, 20 and 30.

(vi) Finally, undrained tri"lxial compression tests were earned out on both isotropically and

anisotropically reconsolidated "tube" and "perfect" samples to investigate the suitability

of various reconsolidation procedures to minimize the effects of tube sampling

disturbance.

1.4 THESIS LAYOUT

Chapter 2 presents the review of sample disturbance for clay soils. The review mainly includes

the effects of sample disturbance on undrained shear characteristics of clays, effects of sampler

dimensions, cutting shoe geometty and testing methods on sample disturbance. The application

of different reconsolidation procedures to minimize sample disturbance and the vanous

method~ to correct sample disturbance effects have also been reviewed in this chapter.

'The equipment and instrumentation used for the laboratory investigation in order to investigate

sample disturbance effects in Dhaka clay are outlined in Chapter 3,

Chapter 4 presents the experimental techniques and procedures used for investigating the

effects of sample disturbance on normally consolidated and overconsolidated (OCR values of

2, 5 and 10) reconstituted Dhaka clay.

Undrained triaxial compression test results on "in situ" samples, "tube" samples, "perfect"

samples and reconsolidated "tube" and reconsolidated "perfect" samples are presented and

discussed in Chapter 5.

Chapter 6 presents the conclusions of the present investigation and recommendations for

further research in this field.
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CHAPfER2

LITERATURE REVIEW

2.1 INfRODUCTION

The availability of good mechanical soil parameters for geotechnical design depends on careful

testing. Testing may be performed in the field or in the laboratory, but in both the cases the most

significant factor controlling the quality of the results is likely to be the avoidance of soil or

sample disturbance. The mechanisms of sample disturbance have been weD understood since

1940s (Hvorslev, 1940 and 1949; Jakobsoll, 1954; KaI1stenius, 1958). Disturbances to soil in its

widest sense occur during drilling, during the process of sampling itself and after sampling. A

number of different procedures are adopted for measuring, analysing and correcting the effects of

soil sampling disturbance and, in order to highlight the importance of the present research, it is

necessary to review previous investigations on sample disturbance.

There has been a wide range of reported observations on the effects of sampling procedures on

different types of soils. Some direct investigations considered the effects of major causes of

disturbances on the stress-strain, strength, stiffiless and pore pressure properties of soils while

other indirect observations were concerned more with the design, use and maintenance of

samplers and the development of sampling techniques. In this chapter, the previous

investigations petformed on topics related to soil sampling disturbance are reviewed. TIle effects

of sampling disturbance on the mechanical properties of soils, particularly regional clay are

presented. The influences of the design parameters, dimensions of sampler and sampling

methods on the measured soil parameters are reviewed. Methods of correcting sampling

disturbance effects are also presented.

2.2 MECHANISM OF SAMPLE DISTIJRBANCE

Cohesive soil sample when collected from the ground, transferred to the laboratory and prepared

for testing will be subjected to disturbance. The mechanisms associated with this disturbance can

be classified as follows:
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(1) Changes in stress conditions;

(2) Mechanical defollt1ation;

(3) Changes in water content and voids ratio; and

(4) Chemical changes

Changes in stress conditions occur as the total stresses being applied to the sample of soil

change. In its extreme, this is the relaxation of the total horizonlal and vertical stresses from their

in situ value, to zero, in the laboratory. Mechanical defolltlations are shear defollt1ations applied

to the soil sample while the sample experiences no change in volume. Changes in water content

can be an overaU swelling or consolidation of the soil sample, or a redistribution of moisture due

to the setting up of pore pressure gradients. A change in voids ratio distinct from the abovc

changes in moisture content, is associated with the expansion of gases in the soil sample as a

consequence of relaxation of total stresses. These gases either being free in partially saturated

soils or in solution in saturated soils. Chemical changes are associated with the change in

chemical properties of the soil particles, inter-particle bonding or pore water. These mechanisms

can occur at different stages during the process of transfening a soil sample from the ground to

the laboratory, and during preparation for testing. Some of the mechanisms occur very quickly,

while others are more time dependent Some of the mcchanisms are unavoidable while others

can be minimised or even eliminated. The magnitude of the mechanisms is not only dependent

on the sampling processes being used, but also on the type of soil being sampled. The effect of

these mechanisms can also be different for different soil types.

A geoteclmical engineer is fimdamenta11y concerned with the physical stress-strain-strength

properties of the soil under investigation. If the effective stress, fabric or structural features in a

sample of soil are altered during the sampling process, then the soil sample in the laboratory will

no longer exhibit the same physical properties as it would in situ. It is therefore important to

understand where, in the sampling and testing process, the aforementioned mechanisms are

occurring, and it is necessary to minimisc or even eliminate these mechani~ms wherever

possible. Where these mechanisms are unavoidable, it is important to know what affect, both

qualitatively and quantitatively, they have on the physical properties being measured. In addition,

it is important to establish whether the effects of these mechanisms on the physical properties

being measured can be assessed and corrected
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2.3 CAUSES OF SAMPLE DISTURBANCE

The principal causes of sampling dislw'bance are as follows (La Rochelle et al, 1981) :

(1) Disturbance of the soil to be sampled before the beginning of sampling as a result of poor

drilling operation.

(2) Mechanical distortion during the penetration of the sampling tube into the soil.

(3) Mechanical distortion and suction effects during the retrieval of the sampling tube.

(4) Release of the total in situ stresses.

(5) Disturbance of the soil during transportation, storage and sample preparation.

The ftrst cause can be reduced by sampling with properly cleaned boreholes advanced by using

bentonite slurry. The second and third causes are directly associated with sampler design and can

be controlled to certain extent. The fourth cause is lBlavoidable even though its effects may be

different depending on the depth of sampling and soil properties. The fifth cause can be reduced

by storing samples for minimum time in controlled atmosphere and careful handling of samples

during transportation and preparation.

Mechanism and causes of sampling disturbance were summarized by Clayton (1986). Detail

descriptions of the disturbances caused during boring, excavating, sampling, transportation,

storage and sample preparation were reported by a number of researchers (Hvorslev, 1949; Hight

and Burland, 1990; Clayton, 1986; Bjerrum, 1973; Kallstenius, 1971; Schjetne, 1971, Baligh,

1985; Chin, 1986; Baligh et al., 1987; Bozozuk, 1971; Annan and McManis, 1976; La Rochelk:

et a1., 1976; Kirkpatrick and Khan, 1984; Graham et a1. 1987; Sone et a1., 1971; Shackel, 1971;

Kimura and Saitoh, 1982; Baldi et aI., 1988; Brand, 1975; Chandler el a1., 1993; Siddique, 1990;

Haij, 1990; Hopper, 1992, Sarker, 1994).

2.4 SAMPLING DISTURBANCE EFFECTS IN NORMALLY CONSOLIDATED

AND OVERCONSOLIDATED CLAYS

2.4.1 PERFECT SAMPLING

Disturbance caused due to the release of in-situ total stresses is called stress release or perfect

sampling disturbance. A sample which has received no dislw'bance other than that involved with

the release of in situ total stresses is termed "perfect" sample. The influence of perfect sampling
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on undrained stress-strain, strength, stiffuess and pore pressure properties of normally

consolidated and overconsolidated clays has been studied by nwnerous investigalors (Ladd and

Lambe, 1963; Skempton and Sowa, 1%3; Ladd and Varallyay, 1965; Kirkpatrick and Khan,

1984; Kirkpatrick et aI., 1986; Siddiquc and Farooq 19%; Bashar et aI., 1997a; Siddique and

Sarker 1998; Hight et aI., 1985).

Ladd and Lambe (1963) detelmined values of isotropic effectivc stress, a' po and pore pressure

parameter, Au of "p.:rfect" specimens of Kawasaki Clay and Boslon Blue Clay. The resulting

values of the ratio, o'pJa'" were 0.56 oi 0.05 wilh corresponding Au values of 0.17 oi 0.10.

Similar test data on normally consolidated Boston Blue Clay yielded cr'poIcr'. = 0.59 and Au =

0.11. Skempton and Sowa (1963) reported values of the ratio, a'poIa'.were 0.57 and 0.67 with

corresponding Au values of -0.02 and -0.10 for overconsolidated clays of Weald (OCR = 2) and

WeaId (OCR = 14) respectively. Ladd and Varallyay (1%5) also reported vaIues of Au, 0.12 to

0.24 and 0'poIo'., 0.57 to 0.67 for rernoulded Boston Blue Clay. Kirkpatrick et aI. (1986) reported

values of the ratio, a'p,lcr'. were 0.48,0.38 and 0.20 with corresponding Au vaIues of 0.25, 0.20

and 0.20 for overconsolidated clays of Kaolin (OCR=2), lllite (OCR=2.7) and lllite (OCR=5)

respectively.

Siddique and Farooq (1996) reported values of the ratio, a'p/a'. were 0.55 10 0.58 with Au

values of 0.10 to .13 for normally consolidated soft Chittagong coastal soils (ll = 43 to 57, PI =

18 to 33). Bashar el aI. (1997a) also reported values of the ratio, a'p/a'. were 0.54 to 0.57 with

Au values of 0.125 to 0.140 for other normally consolidated finn coastal soils (LL = 34 1055, PI

= 10 10 20). Siddique and Sarker (1998) reported values of the ratio, a'p/a'. were 0.65 with

corresponding Auvalues of 0.13 for reconstituted normally consolidated soft Dhaka (ll = 45, PI

= 23). The values of cr'pe and Au of "perfect" samples, and the ratio cr'p/a'. for "perfect"

sampling obtained by different investigators are summarised in Table 2.1.

Skempton and Sowa (1963) examined the effect of "perfect" sampling in remoulded Weald Clay

(ll = 46, PI = 24) which has a low sensitivity (S, = 2). Skemplon and Sowa (1963) found thaI

the undrained strength of the normally consolidated "perfect" samples were only 2% less th.lII

tltat of tlle "grOlUld"samples altll0ugh the stress palhs were entirely different. They also found

9



that failure strain of "perfect"samples were increased Skempton and Sowa (1963) fOlmd that the

undrained strength of the overconsolidated "perfect" samples were 3% and 8% more than that of

the "ground" samples for Weald clay (OCR=2) and Weald clay (OCR=14) respectively.

Noorany and Seed (1965) observed a 5% reduction of the undrained strength, 5% increase in

strain at peak strength and 10% reduction of the initial stiffness for normally consolidated

"perfect" samples of soft clay (LL = 88, PI = 45). Ladd and Varallyay (1965) found a 7%

decrease in undrained strength and 150"A.increase (highly) in the strain at peak strength for

normally consolidated Boston Blue Clay (LL = 33, PI = 15) due to "perfect" sampling. Davis

and Poulos (1967) reported a 19% decrease in undrained strength of a remoulded "perfect"

kaolin (LL = 55, PI = 22) specimen tested unconfined

Kirkpatrick and Khan (1984) reported that 56% and 38% reduction of the undrained strength,

175% and 250"/0increase in strain at peak strength, 24% and 22% decrease in the initial stiffuess

obtained for normally consolidated clays of Kaolin (pI = 30) and lllite (pI = 40) respectively due

to "perfect" sampling. Kirkpatrick et al. (1986) reported that 48%, 38%, and 14% reduction of

the undrained strength, 750/0,150% and 10% increase in strain at peak strength, 680/0,73% and

6% decrease in the initial stiffuess yielded for the overconsolidated clays of Kaolin (OCR =

2.0), Dlite (OCR = 2.7) and mite (OCR = 5.0), respectively due to perfect sampling. Fig. 2.1

shows the plot of Cup!Cu;(suof perfect sample / Suof in situ sample) versus OCR of "perfect"

samples of lllite. Kirkpatrick et al. (1986) reported from Fig. 2.1 that the undrained strength (s,,)

increased with increasing OCR for "perfect" samples.

The effects of perfect sampling on undrained behaviour of a young normally consolidated and

overconsolidated (OCR=7.4) low plasticity clays (LL = 32, PI = 17) from North Sea have been

discussed by Hight et al (1985). Perfect sampling disturbance greatly reduced the initial mean

effective stresses. Peak undrained strength of both normally consolidated and overconsolidated

samples were reduced due to perfect sampling. The effective stress changes during "perfect"

sampling were completely different for the two stress histories considered. The effect of

"perfect" sampling disturbance on overconsolidated (OCR = 2.5) plastic Drammen Clay (pI =

27) has been reported by Lacasse and Berre (1988). They reported about 11% decrease in

undrained shear resistance in compression.

10



Table 2.1 Au-values and SlTessRatios (o",'fov/) for "Perfeet" samples ofNonnal1y

Consolidated and Overconsolidated Clays

Clay Type Index Properties Ko Au 'f ' Referenceops ave

Undisturbed LL =48-106 0.47 0.07 to 0.51 to Ladd and Lambe

Kawasaki clay PI = 16 - 46 0.28 0.61 (1%3)

Undisturbed LL=33 0.54 0.11 0.59
Boston Blue clay PI = 14

---_.

Remoulded weald LL =46 0.59 -0.02 to 0.5710 Skcmpton and
clay PI =24 -0.1 0.61 Sowa (1963)

S,=20

Undisturbed San LL = 88 0.50 0.16 to 0.58 to 0.62 Seed et al. (1964)
Francisco Bay PI =45 0.24
Mud S, = 10

Remoulded LL =33 0.54 0.12 to 0.57 to Laddand
Boslon Blue clay PI = IS 0.24 0.67 Varallyay (1965)

S,=70!02

Kaolin, OCR= 2 PI = 30 0.85 0.25 0.48 Kirkpatrick et

Illite, OCR=2.67 PI - 40 1.0 0.20 0.38
al.( 1986)

Illite, OCR=5 PI = 40 1.0 0.20 0.20

Kaolin, OCR= 1 PI =30 0.56 0.25 I

Illite, OCR=I PI= 40 0.67 0.20 I

Recon~tituted LL =44 0.49 0.133 0.56
Patenga clay PI = 18 Siddique and

Reconstituted LL=43 0.50 0.10 0.55 Farooq (1996)
Fakirhat clay PI = 22

Reconstituted LL = 57 0.52 0.117 0.58
Kumira clay PI = 33

Reconstituted LL =34 0.47 0.132 0.54
Banskhali clay PI = 10 Bashar et al.
Reconstituted LL =40 0.49 0.125 0.55 (1997a)
Anwara clay PI = 16

Reconstituted LL =45 0.50 0.140 0.57
Chandanaish clay PI =20

Reconstituted LL =45 0.60 0.13 0.65 Siddique and
Dhaka clay PI =23 Sarker (1998)
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Apart from leading to a decrease in strength, "perfect" sampling has a marked influence on pore

pressure responses as reported by Seed et a! (1964), Noorany and Seed (1965), and Ladd and

Varallyay (1965). The pore pressure parameter A at failure was found to decrease by as much as

50% for specimens subjected to perfect sampling. Ladd and Varallyay (1965) also obselVed a

slight reduction in stiffness and a large increase in axial strain required to mobilise the peak

shearing resistance. Atkinson and Kubba (1981) also reported considerably lower stiffness for

anisotropically consolidated "perfect" specimens than that for the "in-situ" specimens.

111e effects of perfect sampling disturbance on mechanical properties of normally

consolidated and overconsolidated clays, as reported by a number of investigators are

summarised in Table 2.2 .

Siddique and Farooq (1996) and Bashar et aI. (1997a) investigated the influence of perfect

sampling disturbance on undrained shear properties of reconstituted norma1ly consolidated

coastal soils. Reductions in undrained strength (s,,) and pore pressure parameter A at peak

deviator stress, Apwhile increase in axial strain at peak deviator stress (11)), initial stiffness (Ei)

and secant stiffness at half the pack deviator sress (E~o)have been reported due to perfect

sampling. Fig. 2.2 shows the stress paths of "perfect" and "in situ" samples of the samples of

two coastal soils investigated by Siddique and Farooq (1996). It can be seen from Fig. 2.2 that

the "pelfect" samples adopted stress paths completely different from the "in situ". Effective

stress paths of "perfect" samples aJ'esimilar to those for overconsolidated samples.

Bashar et a!. (1997a) also reported that the effective stress paths of "perfect" and "in situ"

samples were markedly different. Fig. 2.3 shows the secant stiffness versus axial strain plots of

"perfect" and "in situ" samples of three coastal soils studied by Bashar et aI. (1997a). It can be

seen from Fig. 2.3 that, in genera!, secant stiffnesses of "in situ" and "perfect" samples reduced

with the increase in axial strain and secant stiffesses (at all strain levels) of the "perfect" sample

are considerably higher than those for the "in situ" samples. Fig. 2.4 shows the pore pressure

parameter at peak strength, Apwith axia! strain plots of "perfect" and "in situ" samples of three

coastal soils. It can be seen from Fig. 2.4 that compared with the "in situ" samples, the values of

Apof "perfect" samples are considerably less.
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Table 2.2 Summary of the ElTeds of "Perfect" Sampling Disturbance on Some

Mechanical Properties of Normally Consolidated and Overconsolidated Clays

Soil Index OCR Ratio Ratio Ratio Ratio Ratio Reference
values ofSu of I: ofE; Of of App

E'G
Weald LL=46 1.0 0.98 1.29 - - - Skempton and
Clay PI = 24

2.0 1.03 0.88
Sowa (1963)- - -

14.0 1.08 - - - -

Soft Clay LL = 88 1.0 0.95 1.05 0.9 - - Nooranyand
PI = 45 Seed (I 965L

Boston LL = 33 1.0 0.93 2.5 - - - Ladd and
Blue Clay PI = 15 VaraJlyay

(1965)
Kaolin LL = 55 1.0 0.81 - - - - Davis and

PI = 22 Poulos (1967)
Kaolin PI = 30 1.0 0.44 2.75 0.76 - - Kirkpatrick

Illite PI = 40 1.0 0.58 3.50 0.78
and

- - Khan (1984)

North LL = 32 1.0 0.72 8.00 1.19 - - Hightetal.
Sea Clay PI = 17

7.4 0.96 1.00 0.47 (1985)- -
Kaolin PI - 30 2.0 0.54 1.75 0.46 - - Kirkpatirick

l1Iite PI = 40 2.7 0.62 2.50 0.52
et al.- - (1986)

Illite PI = 40 5.0 0.86 I.l0 0.94 - -
Palengha LL=44 1.0 0.87 1.32 1.40 - 0.32 Siddique and
Clay PI = 18 Farooq (1996)
Kumira 1.1. = 57 1.0 0.93 1.24 1.47 - 0.17
Clay PI = 33
Banskllali LL - 34 1.0 0.89 1.27 1.06 1.10 0.54 Bashar et al.
Clay PI = 10 (l997a)
Anwara LL = 40 1.0 0.92 1.21 1.08 1.07 0.50
Clay PI = 16
Chandan- LL = 45 1.0 0.96 I.l7 1.09 1.08 0.44
aish clay PI = 20 -----
Dhaka LL - 45 1.0 0.97 1.16 1.67 1.40 0.36 Siddique and
Clay PI = 23 Sarker (1998)

Note: All ratios referred to results from "in situ" samples.
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Siddique and Sarker (1998) investigared the effects of "perfect" sampling on undrained shear

properties of recOllstituted nOimally consolidated soft Dhaka clay (LL = 45, PI = 23). Fig.2.5

shows the deviator stress versus axial strain plots of "perfect" and "ground" samples of Dhaka

clay. It can be seen from Fig. 2.5 that deviator stress of the "perfect" sample are lower than that

of the "in situ" samples resulting in reduction in undrained strength. Increase in t;n initial

stiffness and secant stiffuess has aL~obeen reported. The value of Ap, however, reduced due to

perfect sampling in Dhaka clay.

The effect of stress history on the perfect sampling stress path and on the changes in mean

effective stress was reported by I-light and Burland (1990) for the case of a low plasticity clay.

This is shown in Fig. 2.6. It can be seen from Fig. 2.6 that the effective stress changes reduce as

the OCR increases; for an OCR of 4, there is no change in effective stress; for the heavily

overconsolidated clay, there is a slight increa~e in average effective stress. Therefore, the effect

of perfect sampling on undrained triaxial compression strength decreases with increasing OCR

as shown in Fig. 2.7.

2.4.2 TUBE SAMPLING

The respOllse that could be anticipated in normally consolidated soil after tube sampling and

extrusion has been investigated by Hight et aI. (1987) for young low to medium plasticity clays.

It has been found that dIe undrained stress path and stress-strain curve of "tube" sample arc

markedly different from those of "perfect" and "in-situ" samples. Hight et aI. (1985) also

reported the behaviour of dIree ''tube'' samples taken from the sea bed in the Nordl Sea. The

estimated OCR's of the fIrst two samples were 1.1 and the OCR of the third sample was greater

than 50. The initial mean effective stresses of the normally consolidated samples were below

those estimated in situ, but the heavily overconsolidated sample showed a large overall increase

in initial mean effective stress. None of the dIree intact tests provided a satisfactory modcl for the

in-situ behaviour.

The effects of tube sampling disturbance on undrained shear properties of reconstituted

normally consolidated soft samples of Dhaka clay (Siddique abd Sarker, 1995) and three

coastal soils (Siddique et aI., 2000) are summarised in Table 2.3. It can be seen from Table

2.3 that disturbance due to tube sampling caused reduction in undrained shear strength (5,.),

16



100
--_ .._-~--_._-----

0-0-0--0-0---<'

~ 80 • • • • •
('J • • • •
E
'-Z
."'-
tn 60
tn
W
0::
I-
tn

40
0::
0
~ • IIPerfecl11

> "Ground"W 20 0

0

2
I
4

I
6 8

AXIAL STRAIN (%)
Fig.2.5 Deviator Stress versus axial strain plots for "perfectn and "grOlUld"

samples of Dhaka clay (after Siddique and Sarker, 1998).

0.2

.0.

.-
OCR .7

Fig.2.6 Effect of stress history on "perfect" sampling stress path for

low Plasticity clay (after Hight and Burland, 1990).

17



initial stiffuess (Ei), secant stiffness at half the pcak deviator stress (E50) and Skempton's pore

pressure parameter A at peak deviator stress (Ap). Axial strain at peak deviator stress (£p),

however, increased due to tube sampling disturbance.

Table 2.3 Effects of Tube Sampling Disturbance on Mechanical

Properties of Regional Soils of Bangladesh.

Soil Index Change in properties compared with "in-situ"
location values samole Reference

Reduct- Increa- Reduct- Reduc- Reducti-
IOn m se m £p IOn m tion in on in Ap
su (%) (%) E;(%) E50(%) (%)

Dhaka LL- 45 17 - 35 35 - 81 11 - 49 1- 34 106- Siddique and
PI = 23 111 Sarker(l995)

Patengha LL=44 42 - 55 19 - 78 34 -74 . 115 -
PI = 18 123 Siddique et

Fakirhat LL -43 34 - 55 4-32 31 - 70 - 101 - al. (2000)
PI = 22 115

Kumira LL= 57 34 - 56 4 -13 31 - 76 - 102 -
PI = 33 117

Fig. 2.8 shows the deviator stress versus axial strain plots of "tube" and "ground" samples of

Dhaka clay. It can be seen from Fig. 2.8 tha~ deviator stress of the "tube" samples aJ'e

considerably lower than that of the "in situ" sample resulting in rcduction in undrained strength.

Figs. 2.9 (a) and (b) show the effective stress paths of samples of Dhaka clay and coastal soil

from Kumira, respectively. It can be seen from Figs. 2.9 (a) and (b) tha~ "tube" samples adopted

stress paths completely different from the normally consolidated "in situ" samples. Effective

stress paths of "tube" samples are similar to those for overconsolidated samples. Fig. 2.10 shows

the variation of pore pressure change with axial strain for "tube" and "in situ" samples of a

coastal soil. It can be seen from Fig. 2.10 that compared with the "in situ" sample, the values of

pore pressure changes of the "tube" samples are considerably less.

2.4.3 IDEAL SAMPLING

New insights into tube sampling disturbance have been made possible using the Strain Path

Method (Baligh 1985). Baligh (1985) used the Strain Path Method to predict the strains that

would be set up hy a "simple sampler" with extcrnal diameter (B) to thickness (t) ratio, i.e.,
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Bit ratios varying from 10 to 40. Fig. 2.11 shows predicted strains for Bit values of 10, 20,

and 40. For this particular tube geometry, Baligh (1985) predicted that strain excursions on

the centerline of the sample would have maximum values in axial compression and extension

of between 0.75% and 4.0%.

Baligh et al. (1987) proposed ideal sampling approach (lSA) as an extension to "p•.1fect"

sampling. Ideal sampling approach denotes an idealised meUlOdof incorporating the effects of

tube penetration, sample retrieval to the sUlface and extrusion from the tube, but neglects all

oUler types of disturbances, including operator dependent disturbances and water content

changes in the soil. 'nle proposed method for inlplementing ISA consists ofthe following steps:

(i) Estimation of tube penetration disturbances at the centreline of sampler using the Strain

PaUlMethod (Baligh, 1985).

(ii) Estimating the effects of sample retrieval and extrusion by assuming an idealised process

of undrained stress relief from Ule (generally) anisotropic stress conditions in Ule tube to

Ule[mal isotropic stress state of the sample before testing.

Step (ii) adopts Ulesame sinlplifieation adopted by "perfect" sampling regarding sample retIieval

and extrusion sinlulation. Therefore, the only difference between the proposed ISA and "perfect"

sampling is the incorporation of tube penetration disturbances, i.e., step (i), and hence ISA is

equivalent to "perfect" SaDlplingwhen tube penetration disturbances arc insignificant.

Hight (1986) pointed out the following effects due to ideal sampling:

(i) in the normally consolidated soil, Uleeffective stresses are reduced;

(ii) in Uleheavily overconsolidated soil, the effective stresses are increased;

(iii) changes in pore pressure are different on the centreline and arOlmd the peIiphery so that a

process of equalisation takes place.

The level of distortion which occurs around the peIiphery of tube samples is often apparent when

such a sample is split to expose its fabIic. A1Uloughtlte strain paUls followed in this outer zone

have not been modelled in triaxial tests, it can be reasonably anticipatcd that:

(a) soil in an initially normally consolidated or lightly overconsolidated state will dcvelop

positive pore pressure increments.

(b) soil in a heavily overconsolidated state will develop negative pore pressure increments

Extrusion involves additional distortion.
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Because of axial symmetry, the effects of the predicted tube sampling strains on soil

properties can be examined by applying them to a triaxial specimen in the form of

compression, followed by extension, test phases. In most of these studies, strain path

excursions of amplitude :tl% have been applied to reconstituted clays. This is equivalent to

imposing the strains predicted along the centerline of a simple sampler with BIt = 40 and an
inside clearance ratio of about 1%. The reported results show marked changes in mean

effective stress, peak undrained shear strength, strain at failure, and undrained stiffness

between the "undisturbed" samples and samples to which tube penetration disturbances or

ideal sampling disturbances have applied: Progressive destructuring and changes in the yield

surface have also been observed in natural (bonded) clays (Clayton et al. 1992).

Table 2.4 shows a summary of previous results- materials that have not been reconstituted

will nonetheless have undergone some disturbance and restructuring due to sampling. It can

be seen that although very large decreases in mean effective stress (P'0) have been observed,

particularly for normally consolidated reconstituted clays, the associated reductions in

undrained shear strength (s,,) have not been particularly great. Indeed, it seems likely that if

samples are reconsolidated to their effective stress before sampling, the decrease in void ratio

may lead to an increase in su, as found by Hajj (1990). But the decreases in stiffuess caused by

a reduction in mean effective stress are likely to be high. Baligh et al. (1987) found 59%

reduction in p' 0 in normall1y consolidated reconstituted Boston Blue clay (LL = 42, PI = 20)

while in slightly overconsolidated natural Bothkennar clay (LL = 76, PI = 42), Clayton et al.

(1992) found that p' 0 reduced by 43% due application of tube sampling strains of amplitude

x I%. In the natural overconsolidated Vallericca clay (LL =53, PI = 31) and London clay (LL

=60, PI = 32), Georgiannou and Hight (1994) found that p'o reduced by 10%. In reconstituted

normally consolidated Speswhite kaolin (LL = 72, PI = 32). Hird and lL1.ij (1995) reported 50"10

to 60% reduction in p' 0 while in the reconstituted normally consolidated London clay (LL = 69,
PI = 45), Siddique et al. (1999) found 10 % to 37% reduction in p'o. Baligh et al. (1987) have

reported a 21% reduction in undrained strength ratio (s" la'",,) for reconstituted Boston Blue clay

due application of tube sampling strains of amplitude xl %. Wei et al. (1994) found a reduction

in s" of about 14% for normally consolidated reconqtituted mixture of kaolin (80"10)and silty

sand (20%). Siddique et al. (1999) found a reduction of 2% to 6% in s" in reconstituted London
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clay. In VaUericca and London clays, Georgiannou and I-Iight (1994) found that 8" reduced by

less than 5% while in Bothkennar clay, Clayton et aI. (1992) reported that Su reduced by 5%.

Siddique et a!. (1999) found that &p increased up to 127% due to application of tube sampling

strains of amplitude :I: 1% in reconstituted London clay. Baligh et a!. (1987) and Wei et a!.

(1994) also reported significant increase in Gp, 27 times and 10 times, respectively. For strain

path excursion of amplitude :t1%, Baligh et a!. (1987) reported decrease in undrained

modulus ratio, Esol u'vo (where Eso is the secant stiffness at half the peak deviator stress) of

as much as 95%.

Lacasse and Berre (1988) also reported reductions in initial moduli for normally consolidated

and overconsolidated specimens of Drammen clay due to the application of equivalent tube-

sampling strains. For Bothkennar clay, Clayton et a!. (1992) reported a reduction in

normalized secant stiffness at 0.1% axial strain of between 30% and 61%, when the amplitude

of the strain cycle was greater than iO.5%. However, an increase in stiffuess of 32% was

found following a strain cycle of amplitude :to. 5%, which was attributed to reduction in water

content during reconsolidation more t11ancompensating for any damage to the structure due

to disturbances during path cycles. In overconsolidated reconstiuted Vallericca and London

clays, Georgiannou and Hight (1994) have reported reductions of stiffness at 0.01% axial

strain of35% and 250/0,respectively.

In reconstituted normally consolidated clayey sand, Hight and Georgiannou (1995) found

minor effects on small-stiffness due to the application of tube sampling strains of amplitudes

:1:0.5%and :1:1%.Siddique et aI. (1999) reported that values ofE;, Eso and Ap reduced by 770/0,

65% and 78% provided in reconstituted London clay due application of tube sampling strains of

amplitude :1:1%. For overconsolidated London clay (OCR = 3.7), Siddique et al. (1999)

reported a reduction in effective stress 10.5% and reduction in undrained shear strength 6%

while increase in strain at peak strengt1156%.

Hopper (1990) concluded that ideal sampling caused relatively little degree of disturbance to

reconstituted overconsolidated London clay, compared with reconstituted normally consolidated

London clay.
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Table 2.4 Effects of Ideal sampling on undrained shear properties of normally

consolidated (NC) and overconsolidated (OC) clays.

Atterberg Change in properties (%)
Limits (<Yo)

Soil type LL PI OCR Reducti- Reducti Increa- Reference
, on m Su se in &ponma i

Boston Blue 42 20 1.3 59 21 5-18 Baligh et al.
Clay (] 987)
Lightly OC - 27 2.5 - 0 - La,:asse and
Drammen Clav Berre (1988)

-
Speswhite 72 32 4 11 -16 - Hajj (1990)
Kaolin
Bothkermar 76 42 1.4- 43 I/S-IO 35 Clayton et al.
OC Clay 1.6 (1992)
OC Vallerica 53 31 - 10 <5 20 Georgiannou
and 60 32 - and Hight
London clays (1994)
NC Sandy - - 1 - 14 7-10 Wei et al.
kaolin (1994)
NC Speswhite 72 32 1 50-60 - 10 Bird and Hajj
Kaolin (1995)
NC London 69 45 1 10-37 2-7 30-313 Siddique et al.
clay (1999)
OC London 86 61 3.7 10.5 6 56
clay

2.5 SAMPLER DESIGN AND ITS EFFECT ON SAl\1PLE DISTURBANCE

The design of a sampler is one of the most important factors that should be considered for quality

sampling. The amount of disturbance varies considerably depending upon the dimensions of the

sampler and the precise geometry of the cutting shoe of the sampler. Hvorslev (1949) discussed

at length importance of the design of a sampler and introduced the concepts of area ratio, inside

and outside clearance ratios and cutting edge taper angle in controlling sampling disturbance.

2.5.1 EFFECT OF AHEA RATIO AND CUTTING l<:DGETAPER ANGLES

Area ratio is considered one of the critical parameters affecting the disturbance of soil during

sampling. Hvorslev (1949) defmed area ratio as follows:
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] ,
Area Ratio = _D_w_-_D_,D: ... (2.1)

Where Dw is the external diameter of the sampler tube and Dj is the internal diameter of the

sampler cutting edge as shown in Fig. 2.12. Increasing area ratio gives increased soil di~turbance

and remoulding. The penetration resistance of the sampler and the possibility of the entrance of

excess soil also increase with increasing area ratio. For soft clays, area ratio is kept to a minimum

by employing thin-walled tubes.

For composite samplers, the area ratio, however, is considerably higher. In these cases, sample

disturbance is reduced by tapering the outside of the sampler tube very gradually from a sharp

cutting edge (Hvorslev, 1949), reconunendcd a maximum 10", so that the full wall thickness is

far removed fi'om the point where dIe sample enters dte tube. Jakobson (1954) investigated dIe

effect of sampler type on the shear strength of clay samples. Samples were collected using nine

different types of samplers. These types differ from one another in area ratio, edge angle, inside

clearance, drive velocity and other factors. Shear strength of samples were determined by

carrying out the unconfined compression tests, the cone test and the laboratory vane test. It was

found that an extremely small area ratio offers no special advantages and that dte cutting edge

taper angle does not seem to have any great influence. However, a very large area ratio or cutting

edge taper angle was not recommended. Kallstenius (1958) also studied dte effect of area ratio

and cutting edge taper angles on the shear strength of Swedish clays. Kallstenius (1958)

recommended that a sampler ought to have a sharp edge and a small outside cutting edge angle.

Very large OCA has also been not recommended by Jakobson (1954) and Andresen (1981).

The combined requirements for area ratio and cutting edge taper angle to cause low degrees of

disturbance were proposed by dIe International Society for Soil Mechanics and Foundation

Engineering's Sub-committee on Problems and Practices of Soil Sampling (1965). For samplers

of about 75 mm diameter, dtey suggested the following combinations of area ratio and cutting

edge taper:
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Fig.2.12 Dimensions of a tube sampler
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Clayton and Siddique (1999) reported that good sampler geometries are available, which are

capable of reducing tube sampling strains to acceptably low levels. Siddique and Clayton (1995)

reported that the higher the tube sampling strains, the greater is the changes in the undrained soil

parameters.

Siddique and Sarker (19%) investigated that reduction up to 41.5%, 35% and 490/0,of initial

effective stress «(T' i), undrained strength (s..) and initial stiffeness (Ej) obtained respectively while

increase up to 81% of strain at peak strength (E:p) yielded due to increase in area ratio from 10.8

to 55.2% for Dhaka clay. Siddique and Sarker (1996) also investigated that reduction up to

36.90/0,32% and 41% of (T'i. Su. and Ei provided respectively while increase up to 81% of E:p

obtained due to increase in OCA from 4° to 15° for Dhaka clay. Siddique and Sarker (l99G)

reported that Skempton's pore pressure parameter, A at peak deviator stress, A" reduced

considerably as area ratio increased and the values of Ap of the "tube" samples coUected from

different area ratio are negative.

Siddique et al. (2000) also reported that (T'i•Su. and E" reduced willie E:p increased due to increase

in area ratio and OCA for three Chittagong coastal soils. Siddique et al. (2000) also found that Ap

reduced considerably due to increase in area ratio and OCA.

The effect of area ratio and outside cutting edge angles COCA)on soil properties due to tube

sampling for the regional c1.lysof Bangladesh arc summarised in Table 2.5.
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Figs. 2.13 (a) and (b) show the influences of area ratio of samplers on undrained soil parameters

for samples of Dhaka clay (Siddique and Sarker, 19%) and a coastal soil (Siddique et aI., 20(0)

respectively. It can be seen from Figs. 2.13 (a) and (b) that strength and stiffnesses decrease

with the increase in area ratio while strain at peak strength increases with the increase in area

ratio of "tube" samples.

Figs. 2.14 (a) and (h) show the effects of outside cutting edge angles (OCA) of samplers on

undrained soil parameters for samples of Dhaka clay and a coastal soil respectively. It can be

seen from Figs. 214 (a) and (b) that strength and stilfuesses decrease with the increase in OCA

while strain at peak strength increases with the increase in OCA of "tube" samples.

Clayton et J1. (1998) conducted a parametric study in order to investigate the influence of the

design features on tube sampling disturbance. Reductions in initial mean effective stress,

undrained shear strength and secant stiffness have been reported by Clayton et al. (1998) for

reconstituted London Clay (LL = 69, PI = 45) due to application of increasing levels of tube

sampling strains. Fig. 2.15 shows the plots of axial strain at peak strength versus area ratio of

samplers of London clay. It can be seen from Fig. 2.15 that the imposed tube sampling strains

were predicted numerically (Clayton et al.1998) and the predictcd strain increascd with

incrcasing area ratio of the samplers. Fig. 2.16 shows the variation of axial strain at peak strength

versus outside cutting edge angle of samplers of London clay. It can bc scen from Fig. 2.16 that

the predicted strain (Clayton et a1.1998) increascd with increasing outside cutting edge angle of

the samplers.

Clayton et al. (1998) concluded that in order to restrict thc disturbance (peak a."ia! strain in

compression) to less than 10/0,a sampler should have the following values of design parameters:

(i) The sampler should have a low area ratio, preferably not more than 10"10.

(ii) TIle sampler should have a moderate inside cutting edge taper angle of 1 to 1.5°.

(iii) The sampler should have a small outside cutting edge t.!per angle, preferably not more

than 5°.
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Fig.2.13 Influence of area ratio of sampler on undrained soil parameters for samples:

(a) Dhaka clay (after Siddique and Sarker, 1996), (b) Fakirhat soil (after Siddique et
al.2000).
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Table 2.5 Effects of tube sampling on soil parameters at various regions of Bangladesh

Locat. Sampler %Change in properties compared with Refere-

Ion
Dimensions "in-situ" sample nce

t AR OCA Redu- Redu- Incre- Redu- Redu-
ofsoi! mm (%) (0) ction clion ased clion clion

ofo-'j ofs" ofe ofE, ofEsop

Dhaka 1.5 10.8 8.5 18.5 17 35 II 1 Siddique
3.0 22.2 8.5 26.2 23 54 28 14 and
4.5 34.1 8.5 33.8 28 62 36 25
7.0 55.2 8.5 41.5 35 81 49 34 Sarker

4.5 34.1 4 21.5 21 54 15 8 (1996)
4.5 34.1 15 36.9 32 81 41 31

Patcnga 1.5 10.8 8.5 8.3 32 19 34 -
3.0 22.2 8.5 10.1 38 46 42 .

4.5 34.1 8.5 17.3 43 67 50 -
7.0 55.2 8.5 33.5 55 78 74 .

4.5 34.1 4 13.7 42 62 47 -
4.5 34.1 15 23.6 46 70 61 .

Fakirhat 1.5 10.8 8.5 7.3 34 4 31 .
3.0 22.2 8.5 II.8 47 6 42 -

4.5 34.1 8.5 16.4 47 26 62 -
7.0 55.2 8.5 30.0 55 32 70 - Siddique

4.5 34.1 4 14.5 46 21 56 . et aI.

4.5 34.1 15 20.9 48 27 69 . (2000)

Kumira 1.5 10.8 8.5 5.7 34 4 31 .
3.0 22.2 8.5 10.0 47 6 42 -
4.5 34.1 8.5 12.6 51 8 52 .

7.0 55.2 8.5 22.7 56 13 76 .

4.5 34.1 4 II.8 50 08 50 .
4.5 34.1 15 18.7 51 lJ 62 .

2.5.2 EFFECT OF INSIDE AND OUTSIDE CLEARANCE

Inside wan friction is one of the principal causes of disturbance of the sample (Hvorslev, 1949).

One of the methods of reducing or eliminating wall friction between the soil and sampler is to

provide in~ide clearance by making the inside diameter of lhe cutting edge, D" slightly smaller

than the inside diameter of the sampler tube, D" The inside clearance ratio is expressed as

fonows (Fig. 2.12):

Inside Clearance Ratio = D, - D,
D,
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undesirable than the consequences of adhesion between the soil and the inside of the sampler

tube (Clayton et al., 1982). Inside clearance should be large enough to allow partial swelling

and lateral stress reduction but it should not allow excessive soil swelling or loss of the

sample when withdrawing from the sampling tube. Hvorslev (1949) suggests an inside

clearance ratio of 0.75 to 1.5% for long samplers and 0 to 0.5% for very short samplers.

Kallstenius (1958) on the basis of Swedish clays sampled by six different piston samplers,

also recommends that a sampler ought to have a moderate inside clearance. The clearance

reduces the wall friction and probably counteracts to a certain extent the disturbance from

displacement of soil caused by the edge and sampler wall during the driving operation. If the

inside clearance and the edge angle are moderate, the above positive effects outweigh the

disturbance caused by deformation when thc sample tends to fill tlle clearance. The existence

of inside clearance may have detrimental effects on sample disturbance as pointed out by La

Rochelle et al (1981). They reported from the work of Sarrailh (1975) tha~ in general, a

"reshaped" 54 mm sampler without inside clearance seemed to give better results than a 54

mm sampler piston tube sampler with inside clearance. The improvement in strength was of

the order of 20% or more and the tangent moduli were higher by 50-100%.

Siddique and Clayton (1999) reported that inside clearance of the samplers has an effect on

the tube sampling disturbance. Fig. 217 shows the variation of axial strain at peak strength in

extension versus inside clearance of samplers of London clay. Clayton et al. (1998) reported

from Fig. 2.17 that an increase in the inside clearance ratio caused an increase in extensive

strain. Clayton et al. (1998) also reported that a slight decrease in compressive strain ahead of

the sample tube. Clayton et al. (1998) suggested that in order to restrict the degree of

disturbance to less than 1%, a sampler should have a low inside clearance ratio of not more

than 0.50/0.

In order to reduce outside wall friction, samplers are often provided with outside clearance

which is expressed as follows (Fig. 2.12):

Outside Clearance Ratio = Dw- D.
D.

...(2.3)

An outside clearance ratio of a few percent may decrease the penetration resistance of

samplers in cohesive soils. AlthOUgllout~ide clearance increases tlle area ratio, a clearance of

2 to 3% can be advantageous in clay (Hvorslev, 1949).
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2.6 EFFECT OF SAMPLER DIMENSIONS, SAMPLER 1YPES AND SAMPLING

METHODS ON SAMPLE DISTURBANCE

A number of workers (Hvorslev, 1949; Berre et al.,1969; Holm and Holtz,1977; Kubba,

1981) have reported the effect of sampler dimensions, particularly diameter and thickness of

the sampler tube, upon soil distill'bance.

2.6.1 EFFECT OF DIAMETER AND LENGTH

Hvorslev (1949) stated that the amount of disturbance would be decreased with increasing

diameter of the sample. Berre et al (1%9) observed that larger tube samples, showed more

constant behaviour than those from small tube samples. Odometer tests carried out on

samples of soft marine clay in Norway indicated that a 95 mm piston sampler (area ratio, AR

= 140/0,inside clearance ratio, ICR = 1.4%) gave less disturbance than a 54 mm piston

sampler (AR = 120/0,ICR = 1.3%).

An investigation of the difference in quality of samples taken with large diameter fIxed piston

samplers and the 50 mm diameter Swedish Standard piston sampler (AR =21°/0, ICR = 0.4%,

outside cutting edge taper angle = 50) was carried out by Holm and Holtz (1977). lbe large

diameter piston samplers used were the 95 mm NGI ( Norwegian Geotechnical Institute)

research sampler (AR = 14°/0,ICR = 1.40/0,outside cutting edge taper angle = 100), the 127

mm Osterberg sampler (AR = 18°/0,ICR = 0.4°/0, outside cutting edge taper angle = 7°) and

the 124 mm SGI (Swedish Geotechnical Institute) research sampler (AR = 27°/0,ICR = 1.2%

and angle of cutting edge = 50). The investigation has shown that the results of oedometer

tests on 50 mm samples are more scattered, supporting [mdings of Berre el al (1969). The

undrained modulus obtained from 50 mm samples have been found to be lower.

Bozozuk (1971) performed undrained triaxial tests on 1.4 inch diameter samples of soft

marine clay. Samples were obtained by the 54 mm NGI piston sampler (AR=llo/o, ICR =

1%) and the 127 mm Osterberg piston sampler (AR = 6°/0, ICR = 0.42%). Test results

showed that the undrained strengths of samples cut from 127 mm tube sample were higher

than those cut from 54 mm tube samples. Samples cut from 54 mm tube samples showed

lower stiffness and pore pressure responses.
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Sample quality is also related to the length to diameter ratio of the sampler. One of the major

factors controlling sample jamming is the length to diameter ratio of the sampler. The

optimum length to diameter ratios suggested for clays of different sensitivities are as follows

(the Report of the Sub-committee on Problems and Practices in Soil Sampling, 1965).

Sensitivity, S,

>30

5 to 30

<5

Length to diameter ratio

20
12

10

2.6.2 EFFECTOFDIJ\METERTO nUCKNESS RAno (Del t RAnO )

Kubba (1981) investigated the effect of thickness of tube on sampling disturbance for a

reconstituted Spestone Kaolin (LL = 51, PI = 30). Tube samples were obtained by inset1ing

38 mm diameter tubes of different walls thickness into a 102 mm diameter "perfect" sample.

Three tubes of thickness to diameter ratios of 0.039, 0.072 and 0.105 were used for sampling.

Kubba (1981) found that increasing the ratio of wall thickness to diameter of the tube caused

a qualitative increase in the degree of disturbance. Kubba (1981) also reported a qualitative

increase in the degree of disturbance due to increase in the ratio of thickness to diameter of

the samplers.

Marked increase in degree of disturbance (measured in terms of tube sampling slI'ains), with

decreasing De/t ratio of sampler has also been analytically predicted (Baligh, 1985; Baligh el

aI., 1987). The levels of straining resulting from penetration of "simple sampler" have been

predicted analytically by Baligh et al. (1987). Baligh et al. (1987) found thai the peak axial

strains are very much dependent on the aspect ratio (D,It). Baligh et al. (1987) found from

analytical study thaI the peak axial strain in compression and extension decreases with

increasing BIt ratio ofthe samplers.
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Chin (1986) showed tha~ for thin-walled simple samplers (B/t» 1), both maximwn axial

strain in compression and extension at the centreline of sampler is approximately given by

the following expression;

E:m •• = 0.385 (BlI)-! ... (2.4)

Clayton and Siddique (1999) reported that both the peak axial strain in compression ahead of

the sampler and the maximum axial strain in extension inside the sampler are dependent on

the external diameter (B) to thickness (t) ratio of the sampler.

Siddique and Sarker (19%) investigated the effect of DJt ratio on undrained soil parameters

of reconstituted Dhaka clay by carrying out undrained triaxial compression tests on "tube"

samples collected with samplers of varying diameter to thickness (DJt) ratio. Siddique and

Sarker (19%) reported that strength, stiffnesses and pore pressure parameter decreased while

strain at peak strength increased with the decrease in DJt ratio of sampler. Siddique et al.

(2000) obtained the similar effect of DJt ratio on undrained soil parameters for three

Chittagong coastal soils.

2.6_3 EFFECT OF SAMPLING METHODS

The influence of sampling methods on some soil properties for two sensitive slightly

overeonsolidated clays was reported by Milovic (1971). Clay samples were obtained by

Shelby tubes and Norwegian piston sampler. The area ratio and inside clearance ratio for both

Shelby tube and piston sampler were respectively 12 olo 1.5% and 0.8 olo 0.1%.

Eden (1971) investigated the effect of sampling method on preconsolidation pressure and

undrained shear strength for sensitive overconsolidated clay. Sampling was conducted with

four types of piston samplers, and the test results were compared with those obtained from

block samples. Samplers used were the Swedish soil (Kjellman et a1, 1950), the NGI 50 mm,

the SGl standard 50 mm, and the l27 mm Osterberg hydraulic sampler. The in-situ strength

of the clay was also measured with the field vane test. The results showed that none of the

samplers nor the field vane test were successful in obtaining results that could be compared

consistently with results obtained from the block samples. The main conclusion of the study

is that present methods of sampling of such clays by boring from the surface do not produce

satisfactory undisturbed samples in this material.
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Raymond et a!. (1971) studied the behaviour of sensitive Leda Clay sampled by six different

sampling methods to assess the significance of the different features in the design of

samplers. Of the fIve different tube samplers used, lhe samplers causing least disturbance

were, in order:

(i) lhe 125 mm Osterberg hydraulic piston sampler

(ii) the SGI 50 mm standard piston sampler

(iii) the 50 mm thin-waIled Shelby tube piston sampler with sharp outside cutting edge

(iv) the 50 mm thin-walled Shelby tube piston sampler with normal cutting edge, and

(v) thc 50 mm thin-walled open-drive Shelby tube.

McManis and Arman (1979) investigated the effect of sampling method on the properties of

undisturbed soil specimens. The soil types studied were soft organic silty clays and stiff,

fissured Pleistocene clays. Sampling was performed using 76 mm and 127 mm thin-waIled

open-drive tubes and by hand cutting of block samples. The test results were found to be

dependent on the sampler types and type of soil. For stiff fissured clay, the strength of the 76

mm diameter tube sample exceeded that of 127 mm diameter specimen. This was attributed

to stress release and migration of moisture toward and along lhe fissure planes. Maguire

(1975) also found that for stiff fissured overconsolidated clay the undrained strength

increased with decreasing diameter of sample. However, for soft silty clay, McMains and

Arman (1979) found lhat 127 mm tube specimens exhibited strengths greater than lhat of76

mm tube specimens.

Adachi et al (1981) reported that the quality of soil samples was found to depend markedly

on the method of boring and sampling. The average undrained shear strengths obtained by

percussion borings with the open-drive sampler were almost one-half of those obtained by

rotary borings with the fIXedpiston, thin-walled sampler.

Dietzler et a!. (1988) compared the effects of sampling disturbance on shear strength between

samples of glacial till (LL = 24, PI = 12) obtained by two method; namely, samples obtained

with thin-walled tube sampler (AR = 120/0, ICR = 1%), and samples obtained with

continuous split-barrel sampler (AR = 89°/0,ICR = 14%). The comparative laboratory testing

program indicated lhat the continuous sampler may be used to provide soil samples of

cohesive fill which are equivalent to those obtained using thin-walled lubes. Test results also

showed that the effective shear strength parameters determined using samples obtained by
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any of the three methods are accurate for use in feasibility or preliminary investigations,

especially where the future loading conditions and testing pressures exceed the maximum

past confinement

2.7 ASSESSMENT OF SAMPLE DISTURBANCE

The mechanical properties of soils are modified by sampling dislillbance and hence, they can

be used 10 calculate the amount of dislillbance quantitatively. The properties of in-situ soils

are required as references in calculating disturbance. However, there is no way of obtaining a

soil sample so as to maintain exactly the in-situ conditions. This is because its removal

involves a change in the in-situ state of stress and usually some disturbance due to sampling

and handling. So, degree of disturbance can be estimated by investigating the behaviour of

the least disturbed sample.

Because of additional disturbances other than that OCCUlTeddue 10 total stress release, the

residual effective stress of a disturbed sample, a'r is usually less than the effective stress, a'l"

of a "perfect" sample. Perfect sampling, which is usually simulated in the laboratory by

consolidating specimens anisotropically in the triaxial apparatus and then releasing firstly the

in-situ shear stress and secondly releasing the total isotropic stress to zero under undrained

conditions. The isotropic effective stress in a "perfect" saturated sample of clay which had in-

situ vertical and horizontal effective stresses of av' and Koav' respectively, is givcn by thc

following expression (Ladd and Lambe, 1963):

...(2.5)

Where Ko is the coefficient of earth pressure at rest and Au is the pore pressure parameter for

the undrained release of the in-situ stresses which existed at the Ko-conditions. The parameter

Au for a saturated clay (i.e., Skempton's B parameter is equal to unity) is given by

t::.u-t::.ahAu.=----
t::.a,-t::.ah

...(2.6)

Where, t::.u is the pore pressure change; and t::.avand t::.an are thc changcs of vertical and

horizontal total stresses.
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'The residual stress, a', is the initial effective stress because of additional disturbance other

than that occurred due to total stress release at the time of "perfect" sampling.

A number of investigators have defmed the dcgree of disturbancc (D) in tcnns of a'", and a', ..

These are as follows:

(a) Ladd and Lambe (1963) proposed that disturbance could be defmed by the following

expression:

...(2.7)

(b) Noorany and Seed (l %5) regarded the difference between 0'ps and 0', as a measure of

disturbance, i.e.,

...(2.8)

(a) Okumura (1971) and Nelson et al (1971) defined the degree of disturbance as follows:

D=]- 0:'
0'p'

...(2.9)

The degree of disturbance in clays of tube sampling investigated by Siddique and Sarker

(1995) and Siddique et al. (2000), at valious regions of Bangladesh are shown in Table 2.6.

Siddique and Sarker (19%) reported from Table 2.6 that the values ofDd increased from 0.19

to 0.42 due to increase in area ratio from 10.8 to 55.2 (decrease in D,It ratio from 40.0 to

10.1) and also the values ofDd increased from 0.22 to 0.37 due to increase in OCA from 4° to

15° for reconstituted Dhaka clay. Siddique et al. (2000) also reported that similar effect of

area ratio, OCA and D,lt ratio on degree of disturbance obtained for reconstituted threc

coastal soiL~.

Fig. 2.18 and Fig 2.19 show the variations of degree of Disturbance (Dd) with Area Ratio

(AR) and Outside Cutting Angle (OCA) of samplers respectively for Dhaka clay and thrce

Chittagong coastal soils. Siddique and Sarker (19%) and Siddique et al. (2000) explained

from Fig. 2.18 and Fig 2.19 that degree of disturbance increased with the increase in area

ratio and OCA of sampler respectively.
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Table 2.6 Quantitative values of Degree of Disturbance for regional soils of Bangladesh

Location Tube SamDler Dimensions Degree of Reference

of Soil t AR OCA D.Jt ratio Disturbance(mm) (%) n
Dhaka 1.5 10.8 8.5 40.0 0.19 Siddique

3.0 22.2 8.5 21.0 0.26 and Sarker
4.5 34.1 15 14.7 0.37 (1996)
7.0 55.2 8.5 10.1 0.42
4.5 34.1 4 14.7 0.22
4.5 34.1 15 14.7 0.37

Patenga 1.5 10.8 8.5 40.0 0.08
3.0 22.2 8.5 21.0 0.10
4.5 34.1 8.5 14.7 0.17
7.0 55.2 8.5 10.1 0.34 Siddique et
4.5 34.1 4 14.7 0.14 a!. (2000)
4.5 34.1 15 14.7 0.24
1.5 10.8 8.5 40.0 0.Q7

Fakirhat 3.0 22.2 8.5 21.0 0.12
4.5 34.1 8.5 14.7 0.16
7.0 55.2 8.5 10.1 0.30
4.5 34.1 4 14.7 0.15
4.5 34.1 15 14.7 0.21

Kumira 1.5 10.8 8.5 40.0 0.06
3.0 22.2 8.5 21.0 0.10
4.5 34.1 8.5 14.7 0.13
7.0 55.2 8.5 10.1 0.23
4.5 34.1 4 14.7 0.12

Clayton et aI. (1998) from numerical finite element analyses of samples having various area ratio

predicted considerable increase in degree of disturbance willI increasing area ratio and DC A

while decreasing Delt ratio. A qualitative increase in the degree of disturbance with increasing

area ratio has also been rep0l1ed by Andresen (1981).

2.8 METHODS USED FOR CORRECTING UNDRAINED S'1RENGTH OF

DISTURBED SAMPLES

Because of sample disturbance, it is necessary to con'ect the undrained sh'~'Ilgthin order that is

representative of the in situ soil. A number of methods have been proposed for correcting the

undrained strength of disturbed sample. Ladd and Lambe (1963) considered the difference

between measured residual effective stress, 0'r and the residual effective stress
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expected with "perfect" sampling, a' po as being similar to an overconsolidation phenomenon

which influences the measured strength. For each particular soil they established a

relationship between the overconsolidation ratio, OCR and undrained shear strength, Su. Then

by considering the OCR as being equal to a'p,la'" they corrected the strength measw'ed at an

effective stress of a', to the value that would have existed if the sample had been tested at a

stress of a' ps.

Nelson et al. (1971) also reported the difference between measured residual effective stress,

a', (a',) and the residual effective stress expected with "perfect" sampling, a'p, (a',m) as being

similar to an overconsolidation phenomenon which influences the measured strength. Fig.

2.20 shows the effect of OCR on undrained shear strength for various clays. It is found from

Fig. 2.20 that undrained shear strength ratio decreases with increasing OCR.

Okumura (1971) proposed a method similar to Ladd and Lambe (1963) to correct for a

disturbed measured strength. In order to obtain the base for correction, a triaxial compression

test, loaded repeatedly up to failure, is performed on a representative specimen consolidated

under Ko-conditions and with its deviator stress released in an undrained condition ("perfect"

sample). Test results are plotted as disturbed strength ratio (Sur/ Sup) against disturbance ratio

(a'pla',), where S••.is the undrained strength after each cycle, Sup is the undrained strength of

the "perfect" sample, a', is the residual effective stress after each cycle and, a'p is the residual

effective stress of the "perfect" sample and also presents the results from repeated loading

simple shear tests plotted as disturbed strength ratio and disturbance ratio. To find out the

undisturbed strength of a sample, the residual effective stress of the actual sample is first

measured to [md its disturbance ratio. The sample is then sheared to [md its disturbed

strength. The correction curve obtained by the above process gives the perfectly undistmbed

strength of each sample.

Siddique et al. (2000) developed a correction curve by plotting disturbed strength ratio (8••/

Sup) versus degree of disturbance [1- (a',1a'p.)], where S•• is the undrained strength of the tube

sample, Sup is the undrained strength of the "perfect" sample, a', is the residual effective

stress of the tube sample, and a' po is the isotropic effective stress of the "perfect" sample for

three coastal soils (Patenga, Kumira and Fakirhat) as shown in Fig. 2.21. This strength
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correction curve is a wide range of band curves for coastal soil samples. It is found from

Fig. 2.21 that undrained shear strength ratio decreases with increasing degree of disturbance.

Tsuchida (1993) has also reported two types of disturbance for unconfmed compression

strength in soft clay namely, a remolding type disturbance and a crack type disturbance.

Tsuchida (1993) recommended Illat tJle con'ection methods proposed by Okumura (1971) and

Nelson et al (1971) are valid only for Ille remolding type disturbance and not for tlIe crack

type disturbance. Tsuchida (1993) also showed that for tlIe crack type disturbance, the

reduction in strength obtained from undrained triaxial compression test is much less than that

obtained from unconfined compression test.

2.9 METHODS USED FOR MINIMIZING SAMPLE DISTURBANCE EFFECTS

It is possible to reduce tlIe effects of sampling disturbance on the undrained behaviour of

clays by reconsolidating the sample to a more appropriate stress level prior to shearing. The

foUowing isotropic and anisotropic reconsolidation procedures for minimising the sampling

disturbance effects are presented.

2.9.1 ISOTROPIC RECONSOLIDATION

Raymond et a!. (1971) applied hydrostatic isotropic consolidation pressures to samples of

sensitive Leda clay. The ratio of undrained stiffuess to undrained strength was close to

undisturbed behaviour, when disturbed samples were consolidated :0 50-75% of thci.r

preconsolidation pressure. When the consolidation pressures exceeded the preconsolidalion

pressure, tha-e was a dramatic decrease of tJle stiffness-strengtlI ratio, indicating a break-

down in the sllUclure oftlIe sensitive clay.

Kirkpatrick and Khan (1984) adopted two metJlOds of isotropic reconsolidation to

examine whether the "in-situ" undrained behaviour could be reproduced. Hydrostalic

reconsolidations to pressures equal to op,' and "in-situ" vertical effective pressure, ov/,

were applied to samples of kaolin (PI = 30) and illite (PI = 40). It was found that.

reconsolidation to op,' resulted in underestimation of "in-situ" strength by as much as 14%.

However, hydrostatic reconsolidation to ove' had the effect of producing fairly large

overestimation of "in-situ" strength of 16% or more. They also repOlted tJlat the undrained
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strength of the reconsolidated "petfect" samples for normally consolidated Kaolin and

Illite clay increase up to 1o.7% and 5.77% respectively as compared with those of the "in

situ" samples due to isotropic reeonsolidation. Failure strains and porewater pressures

were heavily overestimated by both the methods of reconsolidation.

Graham et 31. (1987) found that in both nOlmal1yconsolidated and overconsolidated samples

of kaolin, isotropic reconsolidation to ove' overestimated the strength of "in-situ" specimens

while isotropic reconsolidation to D.6ove'underestimated it. In both cases the strains to failure

and pore pressure parameter at failure were higher than that of the "in-situ" specimen~. 1llese

fmdings agree with those reported by Kirkpatrick and Khan (1984). Similar results have also

been reported by Graham and Lau (1988) for normally consolidated kaolin.

2.9.2 ANISOTROPIC RECONSOLIDA nON

Anisotropic reconsolidation to in-situ stresses is a prcferred method compared with isotropic

reconsolidation. Ko-consolidation to the in-situ stresses has been suggested by Davis and

Poulos (1967) and Bjerrurn (1973). Ladd and Foot! (1974) proposed the SHANSEP (Stress

History and Normalised Soil Engineering Properties) method for reducing the effects of

sample disturbance. This method is based on two concepts. The first is that the soil exhibits

normalised stress-strain and strength behaviour. The second is that anisotropic

reconsolidation of the soil at 1.5 to 2 times the in-situ vertical effective stress, eliminates the

effects of any sample disturbance.

La Rechelle et 31 (1976) reported that reeonsolidation of the samples to the in-situ stresses

restored at least part of the strength and stiffuess lost by sampling disturbance. However, this

effect was negligible in case of good quality samples. Kirkpatrick and Khan (1984) found

that compared with the "in-situ" soil, anisotropic reeonsolidation to "in-situ" stresses gave a

good simulation of strength and stress-strain behaviour and closely similar stress paths.

Graham and Lau (1988) also obtained significantly better results for samples reconsolidated

to "in-situ" stresses than for samples those were consolidated isotropically. Anisotropic

reconsolidation to "in-situ" stresses produced the best overall estimate of strength, porewater

pressure parameters and stiffness. Atkinson and Kubba (1981), however, found considerable

lower stiffness for anisotropically reconsolidated specimens than that for the "in-situ"
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specimens, although the nonnalizcd effective stress paths were the same for both "perfect"

and "in-situ" specimens.

Hight et al. (1985) found from a series of experiments that in the normally consolidated soil

the features of the in-situ behaviour were not fully recovered by anisotropic reconsolidation

of samples to the in-situ stresses. There were differences in stiffuess and post peak behaviour.

The effects of a sampling cycle were only fully removed when reconsolidation was continued

to vertical effective stress levels greater than 1.75 times the previo1L~maximum vel1ical

stress. This finding is consistent with that on which the SHANSEP approach (Ladd and Fooll,

1974) is based. Gens (1982) from his investigation on low plasticity clays reported that

anisotropic reconsolidation to approximately 1.8 times the previous maximum vertical stress

was required before the effects of sampling and preparation were eliminated.

Baligh et al. (1987) have investigated the effects of reconsolidation on Boston Blue Clay.

They found that reconsolidating the soil prior to shear reduced disturbance effects

significantly. Reconsolidation according to the SHANSEP method leaded to an undrained

(nonnalized) behaviour that was closer to the "in-situ" soil. They reported that SHANSEP-

2.5 gave ba~ical1y the same results as SHANSEP-1.5. with virtually the same c/ov/ as the

"in-situ" soil and ovelpredicted &pby only 450/0.Baligh et al. (1987) summarized that most

effects of ideal sampling disturbance on the undrained behaviour of leo-normally

consolidated Boston Blue Clay could be reduced by reconsolidating the soil and could, in

effect, be virtually eliminated by tile SHANSEP method.

2.9.3 ISOTROPIC AND ANISOTROPIC RECONSOLIDATION OF REGIONAL

SOILS IN BANGLADESH

Isotropic and anisotropic reconsolidation of "perfect" samples of Dhaka clay and coastal

soils in Bangladesh were carned out to investigate the suitability of different reconsolidation

procedures to restore while tile in-situ behaviour.

Siddique and Farooq (1996) reported that undrained strength ratio (sjovc') increased by 49%

and 70"10 and stiffuess ratio (E;lo",,') increased by 42% and 38% due to isotropic

reconsolidation for reconstituted normally consolidated "perfect" samples of two coastal

soils (patenga and Kumira, respectively). Siddique and Farooq (1996) also reported that

strain at peak strength (&p)increased by 56% and 5% while, porc pressurc parameter at peak

strength (Ap) decreased by 34% and 32% due to isotropic reconsolidation. Siddique and
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Farooq (1996) reported that the values of s,jovc' reduced by 13% and 16% (patenga), 6% and

13% (Kumira), while the values of &pincreased by %% and 65% (patenga), 10% and 2%

(Kumira), due to the reconsolidation procedures SHANSEP-1.5 and SHANSEP-2.5,

respectively, for 'pe1fect' samples. Siddique and Farooq (1996) also reported that the values

ofE;/ov': reduced by 4% and 19% (Patenga), 20% and 38% (Kwnira), while the values of Ap

increased by 26% and 62% (Patenga), 14% and 34% (Kumira), due to the reconsolidation

procedures SHANSEP-1.5 and SHANSEP-2.5 respectively for 'perfect' samples. Siddique

and Farooq (19%) found that K,,-reconslidation of "perfeet~ sample in SHANSEP-1.5u'vc

produced the best agreement between the "perfect" and "in situ" samples in tenns of

wtdrained strength ratio, stiffness ratio and Ap-values for two coastal soils.

Siddique et al. (1997) reported that the value ofs,/ovc' increased by18%, 19% and 21% and

E;l0vc' increased by 40%, 43% and 60% due to isotropic reconsolidation for reconstituted

normally consolidated "perfect" samples of three coastal soils. Siddique et al. (1997)

reported that Ep increased by 61%, 54% and 50''10 and Ap increased by 70/0,7% and 7% due

to isotropic reeonsolidation. Siddique et al. (1997) also reported that the values of sjov': and

E;l0vc' reduced while the values of &pand Ap increased due to the reconsolidation procedures

CKoU-l.Ou'vc. SHANSEP-1.5u'vc and SHANSEP-2.5u'vc for 'perfect' samples of three

coastal soils as compared with those of the "in situ" samples. Siddique et, al. (1997) reported

that reconsolidation using Bjcrrum proeedw'e (CKoU-l.O u'vc) agreed more closely with "in

situ" samples for 'perfect' samples of three coastal soils.

Siddique and Sarker (1998) reported that the values of s,j0vc' and E;/ovc' increased by 26%

and 139% respectively due to isotropic reconsolidation for reconstituted nonnally

consolidated "petfeet" samples of Dhaka clay. Siddique and Sarker (1998) also reported that

the value of &pincreased by 62% willie, Ap decreased by 26% due to isotropic

reeonsolidation. Siddique and Sarker (1998) reported that the values of sjovc' reduced by

21% and 15% while the values of Ep increased by 62% and 81% due to the procedures

SHANSEP-1.5 and SHANSEP-2.5, respectively, for 'perfect' samples of Dhaka clay.

Siddique and Sarker (1998) also reported that the values of E;/ovc' reduced by 26% and 54%

while the values of Apinerea~ed by 39% and 55% due to the proc<:dures SHANSEP-1.5 and

STIANSEP-2.5 respectively for 'perfect' samples. Siddique and Sarker (1998) found that

reconsolidation of "perfect" specimens using SHANSEP procedures could not restore the
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characteristics of the "in situ" specimen in tctms of it~strength, strain, stillness and pore

pressure response for normally consolidated Dhaka clay.

A comparison of undrained shear characteristics of "pelfect" samples due to isotropic

and anisotropic reconsolidation of regoinal soils of Bangladesh is shown in Table 2.7.

Fig. 2.22 shows a comparison of variations of deviator stress with axial strain of "in situ"

and reconsolidated "perfect" samples of Dhaka clay. Siddique and Sarker (1998) explained

from Fig. 2.22 Illat strengths due to isotropic and anisotropic reconsolidatiollS of "perfect"

samples are greater than that of "in situ" sample.

Table 2.7. Comparison of Undrained Shear Characteristies of "In. situ" and Reconsolidcd

"Perfect" Samples of Regoinal Soils of Bangladesh.

Location Test Type Su / (J' , vc ~(%) Ej J fT'vc A" Reference

Dhaka CIU. 1.0 a' YO 0.49 6.0 460 0.76 Siddique
SHANSEP-1.5 0.31 6.0 141 1.43 and Sarker
SHANSEP-2.5 0.33 6.7 88.4 1.60 (1998)
In Situ Samole 0.39 3.7 192 1.03

Patengha CIU- 1.0 Po' 0.67 13.1 255.9 0.43
SHANSEP.1.5 0.39 16.5 173.9 0.82 Siddique
SHANSEP.2.5 0.38 13.9 145.8 1.05 and
In Situ Samole 0.45 8.4 180.3 0.65 Farooq

Kumrra CIU- 1.0 Po' 0.80 14.8 306.3 0.40 (1996)

SHANSEp.I.5 0.44 15.5 176.7 0.51
SHANSEp.2.5 0.41 13.9 136.6 0.79
In Situ Sample 0.47 14.1 221.2 0.59

Banskhali CIU - 1.0 a'vc 0.40 11.3 230.0 0.81
CkoU- 1.0 a'vc 0.336 7.5 156.1 0.74
SHANSEP- I. 5 0.305 9.8 123.8 1.31
SHANSEp. 2.5 0.293 10.5 103.1 1.40
In Situ Sample 0.34 7.0 163.8 0.76

Anwara CIU. 1.0 a'vc 0.424 12.0 250.0 0.79 Siddique

CkoU- 1.0 a'vc 0.346 8.3 170.7 0.72 et al.

SHANSEP- 1.5 0.32 10.6 132.0 1.20 (1997)

SHANSEP- 2.5 0.31 12.2 109.9 1.32
In Situ Sample 0.357 7.8 175.2 0.74

Chadanaish CIU-1.0 a'vc 0.447 13.2 295.0 0.76
CkoU. 1.0 a'vc 0.364 9.3 173.0 0.73
SHANSEP- I. 5 0.327 11.2 140.0 1.27
SHANSEp.2.5 0.32 11.6 112 1.38
In Situ Sample 0.37 8.8 184 0.71
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Fig.2.22 Deviator stress versus axial strain plots for "in situ" and reconsolidated "perfect"

samples for normally consolidated Dhaka clay (after Siddique and Sarker, 1998).
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Fig. 2.23 shows the plots of nonnalised deviator stress versus axial strain of "in situ" and

reconsolidated "perfect" samples of a coastal soil. Bashar et al. (1997b) reported from Fig.

2.23 that normalised strength of reconsolidated "perfect" samples using Bjerrum procedure

(CKoU-1.0 a'vo) agreed more closely with that of "in situ" samples than other

reconsolidation procedures.

Fig.2.24 shows the variation of pore pressure parameter, A with axial strain of "in situ" and

reconsolidated "penect" samples of a coastal soil. Bashar et al. (1997b) reported from Fig.

2.24 that values of A for reconsolidated "perfect" samples using Bjenum procedure (CKoU-

1.0 a'vc) produced beller agreement with that of "in situ" samples than otherreconsolidation

procedures.

Isotropic and anisotropic reconsolidation of "tube" samples of Dhaka clay and coastal soils

in Bangladesh were earned out to investigate the suitability of different reconsolidation

procedures to restore while the in-situ behaviour. A comparison of undrained shear

properties of "tube" samples due to isotropic and anisotropic reconsolidation of regoinal

soils in Bangladesh is shown in Table 2.8.

Sarker (1994) reported that the values of s,/ovc' and E;lovc' decreased by 8% and 31% due to

isotropic reconsolidation for reconstituted normally consolidated "tube" samples of Dhaka

clay. Sarker (1994) reported that the value of Ep increased by 27% while, the value of Ap

reduced by 2% due to isotropic reconsolidation. Sarker (1994) also found that the values of

s,/ovo' reduced by 21% and 18% while the values of &p increased by 62% and 81% due to

the reconsolidation procedures SHANSEP-1.5 and SHANSEP-2.5 respectively for 'tube'

samples of Dhaka clay. Sarker (1994) also reported that the values ofE;/ovc' reduced by

27% and 56% while the values of Apincreased by 16% and 61% due to the procedures

SHANSEP-1.5 and SHANSEP-2. 5 respectively. Sarker (1994) concluded that K.,-reconsolid-

ation of the "tube" samples beyond in situ stresses could not recover the "in situ" beha"iour

and the result ofK.,-reconsolidation of "tube" samples using the SHANSEP procedures of

reconsolidation to restore "in situ" behaviour may not be applicable to Dhaka clay samples.

A comparison of variations of normalised deviator stress with axial strain of "in situ" and

reconsolidated "tube" samples of Patenga clay is shown in Fig. 2.25. Farooq (1995) reported

from Fig. 2.25 that normalised strengths due to reconsolidation u~ing SHANSEP-l.5 and
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SHANSEP-2.5 procedures are lower while, normalised strength due to isotropic reconsolidation

is greater of "tube" samples than that of "in situ" sample.

Table 2.8. Comparison of Undrained Shear Properties of "In-situ" and Reconsolidated

"Tube" Samples at Various Regions of Bangladesh.

Location Test Type Su/IT"v, fip (%) Ei/(j~vc Ap Reference

Dhaka CnJ- 1.0 IT'ye 0.36 4.7 132.8 1.01 Sarker
SHANSEP-1.5 0.31 6.0 139.3 1.16 (1994)
SHANSEP-2.5 0.32 6.7 84.0 1.66
In Situ Samole 0.39 3.7 192 1.03

Patenglla CnJ- 1.0 Do' 0.60 14.4 218.7 0.49
SHANSEP-l.5 0.41 14.1 160.8 0.56

SHANSEP-2.5 0.43 16.6 158.0 0.56
In Situ Sample 0.45 8.4 180.3 0.65 Siddique et

Kumira CnJ- 1.000' 0.81 13.4 247.1 0.17 al. (2000)
SHANSEP-1.5 0.47 17.9 173.5 0.28
SHANSEP-2.5 0.48 14.3 167.5 0.46
In Situ Sarno Ie 0.47 14.1 221.2 0.59

The variation of pore pressure change with axial strain of "in situ" and reconsolidated "tube"

samples of Patenga, is shown in Fig. 2.26. Farooq (1995) reported hum Fig. 2.26 that pore

pressure changes due to isotropic, SHANSEP-1.5 and SHANSEP-2.5 reconsolidation pl'Ocedures

of "tube" samples are greater than that of "in situ" sample.

Siddique et aI. (2000) reported that the values of sj0vc', E/oye' and !1>increased while Ap

decreased due to isotropic reconsolidation for reconstituted normally consolidated "lube"

samples of two coastal soils (Patenga and Kumira). Siddique et aI. (2000) also reported that the

values of sjov,', E/ov,' and Ap reduced while the values of !1>increased due to the

reconsolidation using SHANSEP-1.5 and SHANSEP-2.5 procedln-c::Sfor 'tube' samples.

Siddique e~ al. (2000) condued that reconsolidation of "tube" samples using SHANSEP-l. SIT' V<

procedure produced better agreement with the properties of the respective "in situ" samples for

reconstituted normally consolidated two coastal soils.
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CHAPTER 3

EQUIPMENT AND INSTRUMENTATION

3.1 GENERAL

To investigate the sampling disturbance in overconsolidaled Dhaka clay, "petfect" samples,

"in-situ" samples and "tube" samples were prepared fium reconstituted Dhaka clay. A

number of instruments and equipment have been used for performing the tests required in this

investigation. This chapter describes the principal equipment and instruments used for this

research.

3.2 EQUIPMENT USED

For the preparation of soil slurry, a rotary mixer was used In order to consolidate the soil

slurry under K,,-condition, a large consolidation cell was used.

Triaxial apparatus along with volume change and pore pressure measuring devices was used

to determine the undrained shear strength, stress-strain and pore pressure characteristics of

"peJfect", "in situ" and "tube" samples.

3.2.1 THE ROTARY LABORATORY MIXER

A Hobart mixer machine was used for making soil slurry. The rotary blades of lhis machine

ensured proper mixing of soil particles with water over a short period of time at the required

moisture contenl The mixer machine used has a dimension of 738 rom x 406 rom x 489 rom

and includes a three speed gear box driven by a fully enclosed and ventilated motor. The shift

handle is mechanically interlocked with the switch, giving definite gear location and making

necessary to switch off the motor before changing gear and the beater shaft is carried on ball

bearings. The bowl locks at the top and bottom of lift travel, which is controlled by

convenient hand lever. The speed used for preparing slurry was 113 revolutions/min for

attachment and 198 revolutions/min for beater. The mixing time was approximately 30

minutes. A photograph of the rotary mixer machine is shown in Fig. 3.1(a), and Fig. 3.1(b)

shows the photograph of the attachment and bowl of the mixer machine.
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(a)

(b)

Fig.3.] Hobel11aboratory mixer machine: (a) Photograph of the machine, (b) Photograph

of attachment and bowl
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3.2.2 APP ARA rus FOR K•...CONSOLIDA nON OF SLURRY

The apparatus consists of a large consolidation cell (260 mm internal diameter and 305 mm

high) with loading frame arrangements. A photograph of the apparatus is shown in Fig. 3.2.

The Ko-consolidation cell containing the soil slurry is placed on a rigid platform. The

platform is raised manually by rotating a wheel and thus loading the soil sample through a

loading ram and proving ring. In tllis process, continuous raising of platform by manual

operation is required to adjust witIl the deformation i.e. to maintain required pressure on the

sample. The deformation of 1heproving ring is measured by a dial gauge that gives the load

imposed at any time.

3.2.3 TRIAXIAL APPARATUS

Triaxial apparatus was used for compression test under undrained condition. A 38 mm typical

Soil test triaxial machine was used for compression test. The cell had tlle facility of drainage

through bo1h top and bottom of 1hesample. The cell is provided with a motorised drive unil.

TIle rate of strain during undrained shear test can be controlled by selecting proper driver and

driven numbers and gear position. Deformation rates between 0.00064 mm/min and 1.50

mm/min can be applied to sample. A schematic diagram of the triaxial cell is shown in Fig.

3.3. In the triaxial cell, A standard proving ring of 2.8 kN capacity having resolution of

I. 8N was used to measure the axial load. Axial deformations during consolidation and

shearing of the samples were measured by a 25-mm strain gauge having resolution of

0.0254 mm.

Cell pressure to sample was applied using a standard pressure gauge of operating range from

o Ito 1700 kN/m2• Back pressure was applied to sample using dash pot and control cylinder

system. Back pressure up to 1200 kN/m2 can be applied which is monitored by standard

Budenberg test gauge. Fig. 3.4 (a) and (b) shows dash pot and control system and volume

change measurement device respectively attached with triaxial machine.

58



Fig. 3.2 Apparatus for Ko.consolidation of soil slun-y
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Fig. 3.3 A schematic diagram of triaxial cell
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3.2.4 VOLUME CHANGE MEASUREMENT DEVICE

TIrree methods can be applied to measure thc volume change in triaxial testing (Bishop

and Henkel, 1962). The first method measures the volume of fluid entering or leaving the

triaxial cell to compensate for the change in volume of the sample. This method is used for

the partially saturated soils. Appropriate corrections are required for cell and hlbing

expansion and piston rod penetration into the chamber during shearing. The second

method measures the volume of fluid entering or leaving the pore space of the soil. This

method is used only for saturated specimens. The third permits calculation of volume from

direct measurement of the change in length and diameter of the specimen using local axial

and radial strain measuring devices (Clayton and Khatrush, 1986; Clayton et aI., 1989;

Hoque et a1., 1996 and 1997; Jardine et aI., 1984). This method may be used for both

saturated and unsaturated specimens.

For the present research, a burette system (Bi'ihop and Donald, 1961) has been used for

measuring volume change. The burette is of 10 mI volume. It is necessary 10 measure volume

change by the displacement of the surface between two liquids having different densities.

Paraffin has been used as the second liquid. Details of the volume change apparatus has been

reported by Bishop and Henkel (1962). A red dye is added to the paraffin, and a silicon water

repellent is applied to the glass to maintain a meniscus of uniform shape. Volume changes in

10 mI graduated tube can be read to a minimum of 0.02 mi.

3.2.5 MERCURY PORE PRESSURE NULL INDICATOR

The pressure of the water in the pore spaces of the soil sample cannot be measured directly

by a pressure gauge or mercury manometer because these devices require the inflow of

water to actuate them. Flow of water from the sample would appreciably change the

magnitude of the pressure being measured, and would also introduce a time lag in the

attainment of a steady reading. These difficulties are overcome by using the 'null method'.

A true no-flow condition is ensw"Cd by maintaining a water-mercury interface in a

capillary tube connected to the base of the sample at a constant level by adjustment of

pressure with a manually-operated screw plunger. Null indicator for pore pressure

measurement is shown in Fig. 3.5. The development of this principle at Imperial College,

London, from 1956 was described by Bishop and Henkel (1962). The modified version
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Fig. 3.4 Loading system and volume change measurement devices for triaxial machine:

(a) Dash pot and control cylinder, (b) Volume change measurement device.
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of this device was used for this investigation which is shown in Fig. 3.6. It was made of a

single acrylic block and was mounted directly on to the pore pressure outlet from a triaxial

cell. A double o-ring seal for rot.ltion eliminating the need for flexible tubing between the

mercury thread and the sample.

3.3 TUBE SAMPLERS

3.3.1 FABRlCATIONOFSAMPLERS

Sample tubes of various dinlensions and culling shoe designs have been previously fabricated

from locally available steel tubes. 11le external diameter and dlickness of dlese tubes were 85

rom and 50 rom respectively.

3.3.2 DIMENSIONS AND m~SIGN PARAMETERS OF SAMPLERS

Seven open-drive tube samplers having different cUlling shoe designs were fabricated using

locally available mild steel pipe. Two categories of samplers were used

(i) First, samplers with differcnt area ratios, but identical outside cutting edgc angle (DCA)

were fabricated. 'Ibe area ratios of these samplers were varied by changing the

thickness (t) of the sample tubes wIllie keeping the internal diameter of the samplers

constant.

(ii) Second, samplers with varying DCA and identical are1 ratios were fabricated. rhe area

ratios of all the samplers wcre the same because thc internal diameter (D;) and external

diameter (D,) of the samplers were the same.

11le dinlensions and charactelistics of thc tube samplcrs are sholVI1in Table 3.1 and the

cutting shoe designs of the samplers are shO\vn in Fig. 3.7. Each samplcr tube was 127 mm

long with no inside c1earauce (i.e., inside clearance ratio = 0%).. In Table 3.1 and Fig. 3.7,

the outside culling edge angle (DCA) has been defined as dIe angle between inside face of

the cutting shoe and a vertical plane.
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The area ratio mentioned in Table 3.1 has been defined by the following equation (llvorslev,

1949):

D'-D'Area Ratio = ' ,D;

Table 3.1 Dimensions and Charactl'ristics of till' Tubl' Samplers USl'd.

... (3.1)

--- --'-
Sampler l1uckness, External Internal D,! t Area OCA

(Tube No.) t (mm) Diameter, Diameter, Ratio Ratio (Degree)

D, (mm) Di (mm) (%)

T1 1.5 41 38 27.3 16.4 5

T2 3.0 44 38 14.7 34.1 5
.

'1"3 4.; 47 38 10.4 53.0 5
.•- -_.-

T. 6.0 50 38 8.3 73. J 5

T, 3.0 44 38 14.7 34.1 10

T. 3.0 44 38 14.7 34.1 15

T7 3.0 44 38 14.7 34.1 20
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CHAPTER 4

LABORATORY INVESTIGATIONS

".1 INTRODUCTION

In this chapter, the details oflaboratory investigations carried out on Dhaka clay have been

described. The different phases of experimental programme arc presented in Fig 4.1.

".2 SAMPLING OF SOIL USED

Red Dhaka clay, cal1ected from Rupnagor Housing Project, Mirpur-ll, Dhaka was used in

this investigation. Initial1y, approximately an area of I m by I m was excavated to a depth of

about 1.5 m to 2 m from ground using hand shovels. Proper care was taken to remove any

loose material, debris. coarse aggregates and vegetation from the top of the excavated pit.

Disturhed samples were coUected from the hottom of the horrow pit through excavation hy

hand shovels. All samples were packed in large polythene hags covered hy gunny bags and

were eventually transported to the Geotechnical Engineering L~boratOlY of Bangladesh

University of Engineering and Technology (BUET), Dhaka.

4.3 GEOLOGICAL ASPI<:CTS OF DHAKA CLAY

'OICcity of Dhaka situated on the southern part of ?\1odhupurgor which is fonned by older

Pleistocene Terrace sediments. Dhaka soil belongs mainly to the category of Pleistocene

TClTaces and some smaller part to Recent Alluvium. Pleistocene and Recent samples do

not differ in maximum grain size but an excess of very fine-grained material is found in

the Pleistocene samples (Morgan et. a!., 1959). Pleistocene sediments are well oxidized

and typically are reddish, hrown or tan and arc moUled. A description of soil profile over

Dhaka is provided by Eusufzai (1967) and Ameen (1985).

Mostly of Dhaka soil helongs to Dihing formation of Pleistocene age. TIns fonnation

having Iinckness ranging between 8 to 9 melers consists of clay, fine sand and pebbles

which are mostly mottled and Red clay. It is also covered by highland and lowland
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alluvium in some places. Dupi Tila fOlmation underlies the Modhupur clay Residuum

which is locally called Dhaka clay. Dupi Tila fOlmation consists of clay, fine sands,

medium sands, clayee lenses, sub-ordinate shale and poorly consolidated sand stone, It

is massive thick bedded. yellow to yellow brownish in colour.

A portion of east and west side of Dhaka consists of recent alluvium. The alluvium

deposit consisting of stream deposits, natural levee and back slope deposits, swamp

deposits and inter stream deposits, TIlOugh some part of Dhaka is covered by recent

alluvium, most of Dhaka soil is of older Pleistocene deposits.

Most of the natural Dhaka soil deposits are at slightly to heavily overconsolidated state.

TIle city of Dhaka is at the elevation of 6 to 8 meters from sea level. '!llc top layer of

Dhaka soil generally consists of a mixture of clay and silt. '!lle depth of this top layer

varies from 6 meters to 7.5 meters. It is this clay layer that is under research. Layer of

coarser materials such as sand and gravel exists at the lower levels and fincr particles such

as clay and silt dominates at the top surface.

4.4 PHYSICAL AND INDF~XPROPERTIES OF nm DHAKA CLAY USI<:D

'Ille samples collected from Ulefield were disturbed samples. These s.lInples were thcn air-

dried and the soil lumps were broken carefully with a wooden hammer so as to avoid

breakage of soil particle. The following index propel1ies of the soil werc detcnnined:

(i) Specific gravity

(ii) Liquid limit, plastic limit and plasticity Index; and

(iii) Grain size distrihution

The specific gravity, liquid limit, plastic limit and plasticity index, and grain size distribution

of all the soil sample were determined following the procedures spccified in AS11vl D854,

BS 1377, ASTM D424, AS'IM D422 respectively. The clay was also classified according to

Unified Soil Classification System (UseS). The index propel1ies and classification of the

Dhaka clay are presented in Table 4.1. TIle grain size distribution curve of the soil is

shown in Fig 4.2. On the basis of uses, the clay is of low to medium plasticity baving a

group symbol CL.
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Table 4.1 Index Properties and Classification of Samples of Dhaka Clay Used

Specific Liquid Plastic Plasticity Activity, Grain Size uses

Gravity, Limit, Limit, Index, Ac Distribution Symbol

G, LL PL PI Sand Silt Clay

(%) (%) (%)

2.69 47 21 26 0.81 II 62 27 CL

4.5 PREPARATION OFRECONSTIn}n~D SOIL

4.5.1 TNTRODUCfION

Reconstituted soils arc those which are prepared by breaking down natural soils, mixing thcm

as slurry and reconsolidating them. Reconstituted soils arc distingui~hed from hoth

remoulded soils and from resedimented soils which are mixed as a suspension and allowed to

settle from that state. Jardine (1985) discussed the difficulties of implementing detailed

investigations of general stress-strain and strength propt:r1ies using intact samples amI it was

found that the most comprehensivc studies invariably employed reconstituted soil.

Reconstituted soil enables a general pattern of behaviour to be established ami comparisons

with the response of intact samples may be used to identify any special features associated

with fabric, stress history or bonding. 111emajor advantagcs of using data from reconstituted

soils are that the ambiguous and substantial effects of sampling of natw'al soils and

inhomogeneity can be eliminated, while the cssential history and composition of in-situ soils

can be represented. The disadvantages are that the import.~nt effect of post-depositional

process, such as ageing, leaching, etc. and variations of composition and fabric arc not

included. So the pattcrn of behaviour for reconstituted soils discussed in the following

chapters will be taken to represent that of young orunaged soils where no post-depositional

processes have operated
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4.5.2 PREP ARATJ ON OF SOl L SLURRY

Clay sluny with an initial waler content well beyond the liquid limit had be~'l commonly

used as an initial state for samples preparation (Siddique. ]9')0; Hopper. 1992; S••rker. 1994.

F••rooq. 1995). Higher initial water contents pro"ide higher degrees of satur ••tion ••nd higher

freedom of particle OIientJlion hut rC<luirelarger initial volumes and longer consolidation

peliolls. Since, large volume of clay was required for prepaling enough s;lmples and also in

order to reduce (he consolidation time, it was essential 10 usc an initial waler conl\;nt

sullieien( 10yield a unifOll1land homogeneous sluny. '/l1\: samples were first air ,hied and

powdered with the help of a motolised grinding machine, 'llle powdered samples were then

sieved thmugh No. 40 sicw and the sieved samples wcrc mixed with watcr at 1.0 tinlCSto 1.5

times the liquid limit to form soil slurry, 111esoil and water were thoroughly mixed hy hand

kneading to fOlln slurry to enslU'Cfull saluration, '/lIe soil-watcr mix was then ti1l1hcrmixed

unifomuy hy using rotill)' laboratory mixer for about 30 minutes,

4.5.3 CONSOLIDATION OF SLURRY

For Ko-consolidation of slull}' to 1'01111a lUlifOlmsoil cake, a cylindJieal consolidation cell of

260 mm diameter and 305 mm in height was used. A wire net and a 6 mm thick perforaled

steel disc were placed at the hottom of the mould of the cell. '/11ewall of the cell was coaled

with a thin layer of silicon grease to minunise side friction illld two filter papers were plac.ed

over the disc at Ulebottom of the cell. The sluny was then pow'ed into the Ko-consolidation

cell and stirred with steel rod to remove the entrapped air hum the slutT)', Aftcr remo"ing air

hubhle, Uletop surface oflhe soil samples was levelled properly. At the top of the slull)'. two

filter papers followed by two perfor.tted discs were placed to pennil dr.linage, A wire net was

used between the two discs for easy flow of waleI' in the holizontal direction. A clearance of a

few millimctres in bclween the perforated discs and inside edge of the cell was provided to

eliminate side fliction. Arrangements for pr~"Paration of reconsolidated sample in Ko-

consolidation cell is shown in Fig, 4.3.

An axial load of ISO kN/m' was gradually applied to the sample using a loading frame with

proving Jing. Al first, the sample was subjected to consolidate by Ule self weight of the

sample and the weight of the porous discs fiJI'aboul 24 hours, 111en a pressure of 15 kN/m2

was applied to the sample for Ule nexl 2.f hours. Similarly, pressure was increased gr;ldually
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to the required value of 150 kNin{ 'Illis pressure (150 kNim') was maintained until the ~'llli

of primary consolidation, which was indicated by the constant reading of compression dial

gauge. II took about nine to tcn days for the completion of pIimary consolidation. Rate of

compression had heen vcry fast al initial stage of consolidation and then il gradu;llly

decreascd with tinle. A plotting ofvolumc change versus logarithm of timc is shown in Fig

4.4. 1~1rgeblock samples of reconstituted nonnally loaded consolidatcd (OCR =1) soil

were prepared from slun)' by consolidation in a big steel cylindrical mould hy applying a

maximum vertical effective stress of 150 kN/m'. In order to prcpare overconsolidatcd

samples of OCR values of 2, 5 and 10, the vertical maximum vcrtical efTective stress of

150 kN/m' was reduced 10 75 kN/m" 30 kNim2 and 15 kN/m', respectively and maint:lined

up to three days for swelling. After the completion of cotLsolidation and swelling (for

overeonsolidaled samples), the top and bottom pari of the cell were separated and the soil

cake was extruded by using a mechanical cxtruder. A soil ";Ike of ahout 125 nUll 10 150 mm

(5 to G inch) thickness was obtained by the ahove In-l,,,edure. 'l1lC unilimnit.v in density and

moisture content of the prepared soil cake was che"ked li'om moisture "ontent and dC'llsityof

at least five specimens. Water contents of the reconstituted ovcrc(msolidated soil samples

for OCR values of I, 2, 5, and 10, were 28 J 0.5%. 28.51 O.5'!o,291.0.5% and 301. 0.5%.

respcctively. TIle hulk density of the reconstituted overconsolidaled soil samples for OCR

values of 1,2,5 and 10 were 19.5 Jc 0.2 kNim', 19t 0.2 kN/m' , 18.5\ 0.3 kN/m" and 18.2 Jc

0.3 kNim', respectively.

4.6 Ko OF SOIL SAMPLES

The value of Kv of DIJ:lka clay sample was determined /iUIll a senes of anisotropic

continuous loading consolidation tesLswith diJferent slress ratios (0,'/0;). "Ille stress ralio lor

which the axial strain (1:a) dUJing consolidalion is approximately equal 10 volumelIie ~train

(S,) has been taken to be the value of ~.The approximate value of Kv of the l1ol1u;llly

consolidated Dhaka clay used has been round 10 be 0.50 .

.t,7 TYPf~S OF TI<:STSAl\IPU:S

4.7.1 "IN SITU" SAMPLE

The soil cake prepared by KO-COIISoli(l1tiollwill be extlUded hom the cOllsolidatioll edl.

The "ake were sliced by the wire knife into small hloeks and samples of nomin;l!
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dimensions of 38 nun diameter by 76 mm high samples were prepared by trimming these

blocks using piano wire, a soil lathe and a split mould. 'Illese samples were first

consolidated under Ko-condition in the triaxial cell to its "in situ" vertical effectivc stress,

a'vc, i.e., 150 kN/m' to prepare normally consolidated sample (i.c., OCR = I). TIle

maximum vertical effective stress of 150 kN/m' was reduced to 75 kN/m', 30 kN/m' and

15 kN/m'to prepare samples ofOeR values 01'2,5 and 10. respectively. A back pressure

of 270 kN/m' was used during Ko-consolidation and swelling of the samples. These

samples have been telIDed as "in situ" samples.

4.7.2 "PERFECT" SAr.U'LE

"Perfect" samples were prepared from the 1"I.:spective"in situ" samples in the triaxial cdL

Deviator stress of the "in situ" sample was first released and then the cell pressure was

reduced to zero. At this stage, the sample was subjected to zcro total stress. These samples

have been telIDcd as "Pclfec t".

4.7.3 "TUBE" SA,\fi'LE

Tube samplers of different area ratio, D, I I ratio and outside cutting edge angle (DCA). as

mentioned in Table 3.1, were steadily pushed int(l the soil cake of different OCR-values.

111esamples were then extruded mechanically from the tubes. The extl1Jded samples were

trimmed to nominal dimensions of 38 nun diameter by 76 mm high. These samples have

been telIDed as "tube" samplcs. The sample designations of thc different types of sampks

have been prescnted in Table 4.2.

4.8 TI<~STINGPROGRAj\,lliU:

TIle wholc laboratory test progranune consisted of eanying out the following ti\'e typcs of

tests:

(1) The tirst type of test canied out was willrained lIiaxial compression test on fow' "in

silu" samples of OCR values of I. 2, 5 and JOin vrder to delennine lhe rck1'cnce

undisulrbeJ behaviour of the soils. In this test. ,liter the completion of Ko-consolidalion

((')1' sample of OCR = 1) and Ko-conso\idation and swelling (lor samples or nCR o__ ~,

5 and 10), the sample was sheared in nndrained niaxial compression at a defonnalion
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Table 4.2 Designations of"!n Situ", "Perfect" and "Tube" Samples of Dhaka clay.

Sample Sampler for Sample Designation

Type Sampling
--

OCR=I OCR=2 OCR=5 OCR = 10
---------- -----

"In Situ" - OCRl-I OCRrI OCRs-I OCR wI

"Perfect" - OCRl-P OCR2-P OCRs-P OCRwP
-

"Tube" T1 OCRl-TI OCRrT) OCRs-Tj OCRwT1

"Tube" T2 OCR,-T2 OCR2-T2 OCRs-T2 OCRwT2
--

"Tube" TJ OCR1-TJ OCR2-TJ OCRs-TJ OCRwTJ

"Tube" T. OCR1-T. OCR2-T. OCRs-T. OCRwT.

"Tube" Ts OCR,-Ts OCR2-Ts OCRs-Tj OCR]O"Ts

"Tube" T6 OCRI-T6 OCR2-T6 OCRs-T. OCRwT6
-

"Tube" T7 OCR,-T7 OCR2-T7 OCRj-T7 OCRlO-T7

rate of 0.02 mm/min. A back pressw.e of 270 kN/m2 had been used during Ko-

consolidation and swelling of the samples

(2) The second type of test was unconsolidated undrained (UU) triaxial compression lests

on twenty eight "tube" samples. In these tests, soon after the completion of saturation,

the samples were sheared at a deformation rate of 0.020 mm!minute in compression

under Wldrained condition.

(3) The third type of test was by unconsolidated undrained (UU) triaxial compression test

on four "perfect" samples of OCR values of I, 2, 5 and 10. In these tests, after the

simulation of "perfect" sampling in the triaxial cell, eaeh sample was subjected to a ccll

pressure equal to the respective effective vertical stress of thc 'in situ" samplc. After thc

equalisation of pore pressure, the sample was sheared at a deformation rate of 0.020

mm!minute in compression under mdrained condition.

(4) The fow1h type of test was undrained triaxial compression tests on seven isotropically

consolidated (OCR = I) and isotropically consolidated and swelled (OCR values of 2,
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5, 10, 15, 20 and 30) samples of reconstituted Dhaka clay. TIle normally consolidated

sample was consolidated using a cell pressure of 150 kN/m2
• Each overconsolidatcd

sample was initially consolidated using a cell pressure of 150 kN/m2 and then the

samples were allowed to swell by reducing the cell pressures 10 75 kNlm2
, 30 kN/m2

,

15 kN/m2, 10 kN/m2
, 7.5 kN/m2

, and 5 kN/m2 for the samplcs of OCR values of2, 5,

10, 15, 20 and 30, respectively. The nrnmally consolidated and overconsolidated

samples were then sheared 10 failure in undrained triaxial compression at a deformation

rale of 0.02 mm/min.

(5) 'Ille fifth type of test was undrained triaxial compression test~ on reconsolidated "tube"

samples obtained wilh sampler lube T2 (Area ratio = 34.1 %, t = 3.0 mm, D,/t ratio =

14.7 and OCA = 5°) and reconsolidated "perfect" samples of OCR values of 2 and 10.

In these tesls, after Ihe completion of recOllsolidation, the samples were sheared at a

defrnmation rate of 0.02 mm!minule in compression under undrained condition.

The following three recolL~olidation procedures were adopted to assess the cffect of

reconsolidation of "tube" and "perfect" samples:

(i) Isotropic Reconsolidation : In this rcconsolidation procedure, a hydrostatic

consolidation stress equal to the in situ effective vertical stress was used (i.e., 75

kN/m2 and 15 kN/m2 for the samples of OCR values of2 and 10, respectively).

(ii) Anisotropic reconsolidation using Bjerrum (1973) procedure: In dus

reconsolidation procedure samples were reconsolidated under Ko-condition up to

vertical effective stress of the "in situ" sample.

(iii) Anisotropic reconsolidation u.~ing SHANSEP (Ladd and Foott. 1974)

procedures: In these reconsolidation procedures, samples were reconsolidated

under Ko-condition using vertical effective stresses equal to 1.5 and 2.5 times the

effective vertical stress (cr'v,) of the "in situ" sample

4.9 TEST PROCEDURES

4.9.1 UNDRAINED TRIAXIAL COMPRESSION TEST ON "IN SITU" SAMPLES

Conventional monotonic undrained triaxial compression tests were perfOllned on four "in

situ" samples of OCR valucs of 1, 2, 5 and 10.
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Preparation of "Tn Situ" Sample

The porou.~discs and filter paper were removed from the top of the consolidated soil cake.

The cake was then sliced by the wire knife into small blocks and samples for specimen of

nominal dimensions of 38 mm diameter by 76 mm high were prepared by trimming these

blocks using piano wire, a soil lathe and a split mould. The weight of dIe specimen was taken

and its water content was determined. After that, the following procedures have been adopted

for preparing "in situ" sample:

(l) Prior to placing the trimmed sample and cylindrical cell cap, the top and bottom

drainage lines along with volume change indicator were flushed separately with deaired

water.

(2) To avoid entrapped air in the line, water was allowed to run slowly. After flushing, the

drainage control valves were closed.

(3) One fJ.lterpaper followed by one porous stone was plaeed at each end of the soil sample

and vertical strip of filter paper were used along the periphery of the sample to permit

double drainage and drainage from radial bOlmdary respectively during consolidation.

Each sample of known weight was enclosed in a rubber membrane with the help of

membrane stretcher and was placed in the cell. The top cap was placed properly and the

top and bottom rubber "0" rings were placed over tlle rubber membrane.

(4) By raising the top nut and upper assembly, the cell cap wa~ placed and three clamps

were fixed properly so dlat the apex of the loading ram was just in contact with the

centrally placed ball of the top cap.

(5) 'The cell was filled with water by opening the bleed valve which was at the top of upper

assembly. After filling the cell chamber, the bleed valve was closed.

(6) At this stage, the sample was kept under a cell pressurc of 34. 5 kN/m2 (5 psi) u.~inga

dash pot and control cylinder system and back pressure of24.1 kN/m2 (3.5 psi) using an

overhead water bottle for overnight satw'ation to remove the entrapped air hubbIes

within the sample. Both bottom and top drainage lines were kept open. The bottom

drainage line was connected to dIe back pressure system and the top drainage line was

subjected to atmospheric pressure.

(7) The proving ring and strain gauge were placed Thc hase of the ccll was raised slowly

by operating the wheel handle manually Wltil the proving ring W.L~just in contact with
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the top of the loading ram. This was showed by the movement of the proving ring di.,l

gauge indicator.

(8) At this stage, the sample was saturated by gradually increasing Ille cell pressure and

back pressure using the dash pot and control cylinder system until the B-value of the

sample reached 0.90 or above. TIle volume change of the sample and the corresponding

axial strain were also measured Immediately after saturation, effective cell pressure

applied to the sample was 6.89 kN/m2 (l psi).

(9) At tlus stage, the required effective radial stress required for K,,-consolidation wa~

generated by using the dash pot and control cylinder system. The drainage valves were

opened and total deviator load was applied in small increments to attain Ko-condition.

During this operation excess pore water pressure was generated within the sample. The

sample was then allowed to consolidate until the excess pore water pressure completely

dissipated. During K,,-consolidation the volume change and the compression of the

sample were measured. After completion of consolidation, the sample thus obtained in

the triaxial cell has been tenned as normally consolidaled "in siro" sample (i.e., OCR =

1).

(10) To prepare "in situ" samples of OCR values of 2, 5, and 10, the maximum "in siro"

vertical effective stress (a'ye), i.e., 150 kN/m2 was reduced to 75 kN/mz, 30 kN/mz, and

15 kN/m2
, respectively, and the samples were allowed to swell.

Shearing of "In Situ" Sample

The shearing of "in situ" samples were carned out in the triaxial cell in accordance with the

following procedure:

(I) The drainage valves were closed and the strain gauge was set at zero position. TI1C

pro"ing ring dial gauge reading and the corresponding Mercury pore pressure null

indicator or pore pressure transducer reading wcre recorded.

(2) The sample was then sheared and the proving dial gauge readings and the

corresponding Mercury pore pressure null indicator readings were recorded at specified

deformation of the sample. A deformation rate of 0.02 nunlminute was used. Shearing

was continued until the proving ring dial reading remained constant or decreased for a

few readings of strain dial gauge.
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(3) At the end of the test, cell base was lowered and cell prcssure was released. TIle cell

was disassembled and sample was carefully removcd from the cell. The weight of the

sample was taken and its water content was detelmined.

4.9.2 UNCONSOLIDATED UNDRAINED (llll) TRIAXIAL COMPRESSION TEST

ON "TUBE" SAMPLES

A total of 28 UU triaxial compression tests were eanied out on "tube" samples having OCR

values of I, 2, 5 and 1n. 'nlese tests were performed in two stages. Firstly, the steps (1) to (8)

as mentioned in Article 4.9.1 was canied out. A cell pressure equal to the cflcctive

overburden pressure of the respective "in situ" sample was applied (i.e., 150 kN/m2
, 75

kNlm2, 30 kN/m2, and IS kN/m2 for samples of OCR values of I, 2, 5 and 10, respectively).

Finally, each sample was sheared in compression under undrained condition at a constant

deformation rate of 0.02 mrnImin.

4.9.3 UNDRAINED lRIAXIAL COl\U'RESSION TE5'T ON "PERFECT" SAMPLE

The undrained triaxial comprcssion tests were carned out on "perfect" samples of OCR

values of I, 2, 5, and 10. At first K,,-consolidation performed on each sample under in situ

stress. K,,-eonsolidation was eanied out following the steps (I) to (9) mentioned in Article

4.9.1. After completion ofKo-consolidation the following procedure was adopted:

(I) Top and bottom drainagc valves were closed.

(2) Deviator stress, i.e., in situ shear stress was unloaded and Ille pore pressure reading was

recorded. At this stage Ille sample was subjected to only an isotropic effective stress.

(3) The sample was then subjected to zero total stress by reducing the cell pressure to zero.

lbis wa~ done by reducing the cell pressure to zero.

Following the above procedure "perfect" sampling was simulated in the triaxial cell. At Illis

stage, a cell pressure equal to that required for isotropic consolidation was applied to the

sample. The Mercury pore pressure null indicator reading was recorded at the steady state. At

the same time, the proving ring dial gauge reading was recorded and strain dial gauge was set

at zero position. Then the sample was sheared in compression under umb-ained condition at a

constant deformation rate of O.02 mm1min.
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4.9.4 ISOTROPICALLY CONSOLIDATED UNDRAINED (CIU) TRIAXIAL

COMPRESSION TEST ON NORMALLY CONSOLIDATED AND

OVERCONSOLIDA TED SAMPLES

Seven undrained triaxial compression tests were carried out on undisturbcd block samples

having OCR values of I, 2, 5, 10, 15,20 and 30. In these tests, for each sample initially the

procedurcs mentioned in steps (I) to (8) in Artiele 4.9.1 were followed for undisturbed

nomlally consolidated block samples having nominal dimensions of 38 mm di;uneter by 76

nun high. The sample of OCR value of I was consolidated isotropically using an effective

consolidation pressure of 150 kN/m2
• In order to prepare samples of OCR values of 2, 5, 10,

15, 20 and 30, each sample was initially consolidated using a maximum effective

consolidation pressure of 150 kN/m2 which was then reduced to 75 KN/m2
, 30 KN/m2

, 15

KN/m2, 10 KN/m2, 7.5 KN/m2 and 5 KN/m2
• respcctively. A hack pressure of 270 kN/m2

was maintained dwing consolidation and swelling. Finally, each sample was sheared in

compression under undrained condition at a constant deformation rale of 0.02 mm1min.

4.9.5 ISOTROPICALLY CONSOLIDATED UNDRAINED (CIU) TRIAXIAL

COMPRESSION TEST ON OVERCONSOLIDA TED"TUBE" AND

"PERFECT" SAMPLES

In this test, initially the procedures mentioned in steps (I) to (8) in Article 4.9.1 were

followed for "tube" samples having OCR values of 2 and 10, and the proccdures mentioned

in Article 4.9.3 to simulate "perfecl" sampling in the triaxial cell were followcd for "perfect"

samples of OCR 2 and 10. The samples were then allowed 10 consolidate isotropic ally using

the respective vertical effective stress (o'v,) of the "in situ" sample (i.e., 75 kN/m2 and IS

kN/m2 for the samples of OCR values of 2 and 10, respectively). A back pressure of 270

kN/m2 was maintained duting consolidation. TIle volume change and consolidation of the

sample were monitored Consolidation was continued until the volume change indicator

showcd constant rea(ling. After completion of consolidation, the samples were sheared in

compression under undrained condition at a constant deformation rate of 0.02 mm/min.

4.9.6 K.-CONSOLIDA TED llNDRAlNED (CKoU) TRIAX IAL TEST ON

OVERCONSOLIDATED "TUBE" AND "PERFECT" SAMPLES

USING B.JERRUM PROCEDURE

In CKoU triaxial compression tests using Bjerrum (1973) procedure, firstly the procedure

mentioned at steps (I) to (8) in Article 4.9.1 were followed for "tube" samples having OCR
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values of 2 and 10, and the procedures mentioned in Article 4.9.3 to simulate "perfect"

sampling in the triaxial cell were followed for "perfect" samples of OCR 2 and 10. At this

stage, the required effeetive radial stress required for Ko-consolidation was generated by

using the dashpot and control cylinder system. The drainage valves were opened and total

deviator load was applied in small increments to attain Ko.condition. TIle samples were

consolidated under Ko-condition up to vertical effective stress of the respective "in situ"

sample (i.e., 75 kN/mz and IS kN/mz for Ihe samples of OCR values of 2 and 10,

respectively). During this operation excess pore water pressure was generated within the

sample. The sample was then allowed to consolidate until the excess pore water pressure

completely dissipated. During Ko.consolidation the volume change and compression of the

sample were measured. After completion of consolidation, the samples were sheared in

compression under undrained condition at a constant dcfonn"tion ratc of 0.02 mm/min.

4.9.7 Ko-CONSOLlDATED UNDRAINED (CKoU) TRIAXIAL TEST ON

OVERCONSOLIDATED "TUDE" AND "PJ<,'RFECT" SAMPLES

USING SHANSEP PROCEDURES

These tests on four "tube" and four "perfcct" samples of OCR v"lues of 2 and 10. The sample

tube of area ratio = 34.1% (t = 3.0 mm) and outside cutting edge angle of S° was used to

collect "tube" samples. Firstly the procedure mentioned at steps (1) to (8) in Article 4.9.1

were followed for "tube" samples having OCR values of 2 and 10, and the procedru'es

mentioned in Article 4.9.3 to simulate "perfect" sampling in the triaxial cell were followed

for "perfect" samples of OCR 2 and 10. At this stage, the required effective radial sh-ess for

Ko-consolidation was gcnerated by using the dashpot and control cylinder system. The

drainage valves were opened and total deviator load was applied in small increments 10

attain Ko-eondition. The overconsolidated "tube" and "perfect" samples were consol;rlated

under Ko-condition up to 1.5 and 2.5 times the vertical effective stress of the rcspective "in

sinl" sample (i.e., 112.5 kNim' and 187.5 kN/mz for the samples or OCR 2 and 22.5 kN/m2

and 37.5 kN/mz for the samples of OCR 10). During this operation excess pore watcr

pn;ssure was generated within the sample. TIle samplc was then allowed to consolidatc

until the excess pore water pressure completely dissipated. During Ko-consolidation the

volume change and compression of the sample were measured. After completion of

consolidation, the samples were sheared in compression umkr undrained condition at a

constant defonnation rate of O.02 mm/min.
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CHAPTERS

RESULTS AND DISCUSSIONS

5.1 INTRODUCTION

The findings of the laboratory investigations on "in situ", "tube" and "perfect" samples of

normally consolidated and overconsolidated (OCR = 2, 5 and 10 ) Dhaka clay are presented in

this chapter. The stress-strain-strength, stifIiJess and pore pressure characteristics of soil samples

are discussed to examine the influence of tube and perfect sampling on the behaviour of

normally consolidated and overconsolidated Dhaka clay. Attempt has been made to assess the

influence of cutting shoe geometry of tube sampler on the measured undrained soil parameters of

Dhaka clay. The suitability of various reconsolidation procedures to minimize tube and perfcct

sampling disturbance effects has also been examined.

5.2 BEHAVIOUROF "IN SITU" SAMPLES

Untrained triaxial compression tests on ~in situ" samples were performed to determine the

reference undisturbed behaviour of the normally consolidated and overconsolidated Dhaka

clay.

5.2.1 STRESSPATHS

Effective stress paths in s'-r [s'= (0.' + or')fl., r = (0.' - 0:)12] space for undrained test on "in

situ" of the normally consolidated and overconsolidated samples of Dhaka clay are shown in

Fig. 5.1. It can be seen from Fig. 5.1 that the effective stress paths are typically identical to that

of reconstituted normally consolidated and overconsolidated clays. It can also be seen from Fig.

5.1 that the nature of effective paths of overconsolidated samples, are similar, while that for the

normally consolidated sample is markedly different.
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The response of pore pressure was obsetved throughout the whole shearing stage for each "in

situ" sample. The change in pore pressure versus axial strain plots for the nonnally consolidated

and overconsolidated samples of Dhaka clay are shown in Fig. 5.6. It can be seen from Fig. 5.6

l113tduring undrained shearing the pore pressure increases rapidly with the increase in deviator

stress for strain levels of about 3.0"10to 4.0%. After reaching the peak value (at 4.5% to 6.5%

strain levels), change in pore pressure reduces with increase in axial strain. It can be seen from

Fig. 5.6 that pore pressure change for nonnally consolidated sample due to increase in deviator

stress is higher than tl13tof the overconsolidated samples. It is also evident tl13t change in pore

pressure decreases with increase in overconsolidation ratio of samples. Skempton's pore

pressure parameter A at peak deviator stress (Ap) of the "in situ" samples of Dhaka clay are also

shown in Table 5.1. It can be seen from Table 5.1 that the values of Apvaried from 0.42 to 0.13.

The variation of Ap with OCR for "in situ" samples of Dhaka clay is shown in Fig. 5.7. It is

obsetved from Fig. 5.7 that Skempton's pore pressure parameter A at peak deviator stress (Ap) of

Dhaka clay decreases with the increase in OCR

Table 5.1 Undrained Shear Properties of "In Situ" Samples of Normally

OJnsolidated and Overconsolidated Dhaka Clay.

Sample Su tp
Ej Eso Ap suI a'vc

Designation (kN/m2
) (%) (kN/m2

) (kN/m2
)

OCR1-I 56.6 9.7 28500 22950 0.42 0.38

OCR2-I 54.2 9.0 26530 21750 0.19 0.72

OCRs-I 50.4 7.6 24380 20450 0.14 1.68

OCRw-I 46.6 6.7 22230 18950 0.13 3.11

5.3 INFLUENCE OF TUBE SAMPLING DISTURBANCE IN NORMALLY

CONSOLIDATED AND OVERCONSOLIDATED DHAKA CLAY

In order to investigate the effect of tube sampling on undrained shear behaviour, triaxial

compression tests were carried out on samples collected with samplers of varying area ratio (and
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as such of different Delt ratio) and of varying outside cutting edge Iaper angle (OCA). The design

parameteIll of these sarnplCIll and designations of samples retrieved with Ihese samplCIll have

previously been presented in Table 3.1 and Table 4.2 respectively. Initial effective stress,

undrained stress-strain-strength, stiffuess and pore pressure characteristics of normally

consolidated and overconsolidated "tube" samples of Dhaka clay, were determined from

unconsolidated undrained (UU) triaxial compression tests. The test results are presented and

discussed in the following sections.

5.3.1 INITIAL EFFECTIVE SlRESS

In order to determine initial effective stress, relatively high cell pressure was applied on

sample under wldrained condition and a steady pore pressure generated within the sample was

recorded. Initial effective stress have been calculalcd by subtracting pore water pressure from

all-round cell pressure (Skempton, 1961). The isotropic effective stress, Gp,' of "perlect"

samples of normally consolidated and overconsolidated has been ,"Iermined using Equation

:>.5 The values of Gp,' of Dhaka clay for OCR values of 1, 2, 5, and 10 have been found to be

88.7 kN/m2, 40.4 kN/m2, 15.1 kN/m2 and 7.2 kN/m2 respectively. Tahle, 5.2 ,how, the

comparison of initial effective slress of "tube" samples collected by tubes of diffcrcnt sampler

geometry with isotropic cffective slress of respective "perfect" samples of Dhaka clay for

different OCR values. TIle test results are not corrected with respect to water contenl Table 5.2

shows that for each OCR value compared with isotropic effective stress, Gp,' of "perfect"

samples, the initial effective stress of "tube" samples reduced significantly because of

disturbance caused by penetration of tubes. 11can be seen from Table 5.2 that depending on

area ratio and OCA, initial effective stress decreased by 9.0% to 26.2%, 5.9% to 25.0%, 3.9')0

to 21.8% and 3.8% to 21.0% for OCR values 1, 2, 5 & 10, respectively.

Reduction in effective stress due to tube sampling disturbance has also been reported for the

regional clays of Bangladesh (Siddique and Sarker,1995; Siddique et aI., 2000). Siddique and

Sarker (1995) reported a reduction in initial effective stress between 19% to 42% in

reconstituted normally consolidated Dhaka Clay. Siddique et a1., (2000) reported that initial

effective stress reduced between 8.6% to 33.7%, 7.3% to 30% and 5.4% to 22.4% in

reconstituted normally consolidated three coastal soil samples. Reduction in mean effective

stress in reconstituted and naturnl normally consolidated and overcollsolidated soils due to
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application of tube sampling strains were also reported. (Baligh et a1.,1987; Hajj, 1990; Clayton

et a\., 1992; Geogiannou and Hight, 1994; Hied and Hajj, 1995; Siddique et a\., 1999).

Table 5.2 Comparison of Initial Effective Stress of "Tube" Samples with Isotropic Effective

Stress of "Perfect" Samples of Dhaka Clay at Different OCR Values.

Isotropic effe- Initial effective Stress, a' i (kPa)
OCR ctive Stress,

a' p' (kPa)
Tl 1'2 T3 1'4 1'5 1'6 1'7

1 88.7 80.7 78.2 73.8 65.4 76.3 71.7 69.3

2 40.4 38.0 36.8 34.3 30.3 35.5 32.7 31.9

5 15.1 14.5 13.9 13.0 11.8 13.4 12.4 12.0

10 7.2 6.9 6.7 6.2 5.7 6.5 6.0 5.9

5.3.2 STRESS PATHS

Figs. 5.8, 5.9 and 5.10 present the effective stress paths in s'-t' space for "tube" samples of

Dhaka clay for OCR values of 1, 5, and 10 respectively. TIlese figures also show the stress

paths of the corresponding "in situ" sample, for comparison with the "tube" samples. It can be

seen from Fig. 5.8, that the nature of the effective stress paths of the normally consolidated

"tube" samples are markedly different from that of the respective "in situ" samples.

Significant difference in effective stress path between normally consolidated "in situ" and

"tube" samples has also been reported for the regional clays of Bangladesh (Siddique and

Sacker,1995; Siddique et a\., 20(0). Figs. 5.9 and 5.10 however, show that the nature of the

effective stress paths of the overeonsolidated "in situ" and "tube" samples are, in general,

similar.
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5.3.3 STRESS-S1RAIN-STRENGTH AND STIFFNESS CHARACTERISTICS

Figs. 5.11, 5.12 and 5.13 present deviator stress versus axial strain plots for "tube" samples of

samples of Dhaka clay for OCR values of 1, 5, and 10, respectively. Deviator stress versus axial

strain plots of the corresponding "in situ" samples are also shown in Fig. 5.11 to 5.13 for

comparison. The following are the main observations:

(I) The peak undrained strength for all "tube" samples are mobilized at relatively larger axial

strain than that of "in situ" sample.

(2) Like "in situ" sample, the ultimate strength of "tube" samples are mobilized at larger

strain, which are slightly less than that of mobilized at peak. The "tube" samples,

tllerefore, do not show any significant undrained brittleness when shcared in

compression.

(3) The stress-strain relationships ofthc "tubc" samples are non-linear.

(4) The nature of stress-strain curves for the "tube" samples are essentially similar to those of

"ill situ" samples.

The values of undrained shear strength (Su), axial strain at peak deviator stress (Ep), initial tangent

modulus (Ei),and secant stiffness at half of the peak deviator stress (EJo) of tllC"tube" samples

have been determined from the stress-strain data. Tables 5.3, 5.4, 5.5 and 5.6 present the

undrained shear characteristics of "tube" samples of Dhaka clay for OCR values of 1, 2, 5, and

10, respectively. The test results are not corrected with respect to water content. It can be seen

from Tables 5.3 to 5.6 that for both normally consolidated and overconsolidated "tube" samples,

compared with the "in situ" samples, the values of Su, E; and Elo reduced. The values of Ep of

..tube" samples, however, increased significantly due to disturbance caused by penetration of

sampler. Similar effects have also been reported for normally consolidated clay by Okumura

(1971), Siddique and Sarker (1995), Siddique et, al. (2000), for Honmoku Marine Clay, Dhaka

clay and Coastal soils, respectively, It can also bc 'C"II from Tables 5.3 to j.6 that thc decrease

in vah'cs of Su. E;, and ElO rooliced with incrcasing OCR Similar effects have been reported by

Hopper (1992) and Haij (1990) for overconsolidaled London clay (OCR = 3.7) al\(l Kaolin clay

(OCR = 4), respectively.
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Table 5.3. Comparison of Undrained Shear Properties of "Tube" Samples for

Dhaka Clay al OCR = 1.

Su Op Ei Eso A"
Sample (kPa) (%) (kPa) (kPa)

Designation

OCR,-Tl 44.2 11.0 19360 15280 -0.175

OCR1-T2 41.7 12.6 16490 12520 -0.176

OCR,-T3 38.3 13.6 14340 10960 -0.178

OCR1-T4 3204 15.3 10760 8060 -0.181

OCR,-T5 4004 13.0 15060 11510 -0.177

OCR1-T6 37.6 14.0 13630 9760 -0.179

OCR1-T7 35.4 14.3 11470 8880 -0.181

Table 504. Comparison of Undrained Shear Properties of "Tube" Samples for

Dhaka CLlYat OCR = 2.

Sample Su Op Ei Eso Ap
Designation (kPa) (%) (kPa) (kPa)

OCR2-Tl 42.6 10.0 18650 14220 -0.162

OCR,-T2 39.8 11.6 15780 11940 -0.163

OCR1-T3 37.1 12.7 13630 10650 -0.166

OCR2-T4 31.1 13.8 10040 7480 -0.176

OCR,-T5 38.6 12.3 14340 11510 -0.164

OCR2-T6 35.8 13.0 12550 9500 -0.168

OCR2-T7 33.2 13.6 10760 8630 -0.173
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Table 5.5. Comparison of Undrained Shear Properties of "Tube" Samples for

Dhaka Clay at OCR = 5.

Sample Su 6p Ej E,o Ap
Designation (kPa) (0/0) (kPa) (kPa)

-_.--
OCRl-Tl 39.6 8.9 17210 13100 -0.142

OCRl-T2 37.2 10.3 14340 11230 -0.145

OCRl-T3 34.8 11.0 12910 9940 -0.148

OCRl-T4 29.3 12.3 9320 7050 -0.153

OCRl-T5 35.5 10.3 13630 10650 -0.147

OCRl-T6 33.1 11.6 11470 8630 -0.149

OCRl-T7 31.3 11.6 10140 7910 -0.150

Table 5.6. Comparison of Undrained Shear Properties of "Tube" Samples for

Dhaka Clay at OCR = 10.

Sample Su "P Ej ElO Ap
Designation (kPa) (0/0) (kPa) (kPa)

OCRzo-Tl 36.7 7.3 15780 12520 - 0.103

OCRzo-T2 34.4 8.7 13630 10650 - 0.112

OCRzo-T3 32.7 9.3 12200 9780 - 0.113

OCRzo-T4 27.2 10.1 8610 6680 - 0.119

OCRIO-T5 33.6 9.0 12910 10070 - 0.115

OCRzo-T6 31.5 9.7 10760 8350 - 0.117

OCRIO-T7 29.3 10.0 9320 7780 - 0.116



Figs. 5.14,5.15 and 5.16 present secant sliffuess versus axial strain plots of "tube" samples of

Dhaka clay for OCR values of 1, 5, and 10, respectively. The corresponding plots for the "in

situ" samples are also shown in Figs. 5.14 to 5.16 for comparison. It can be seen that similar to

"in situ" sample the stiffness of "tube" samples reduce with increase in strain levels. It can also

be observed from Tables 5.3 to 5.6 that because of disturbance due to tube sampling, the values

of E; and Eso of the "tube" samples decreased for all OCR values. Compared with the "in situ"

sample, significant reduction in sliffuess for soft nonnal1y consolidated Dhaka clay (Siddique

and Sarker, 1995) and soft normaUy consolidated Coastal soils (Siddique et aI., 2(00) have also

been reported. Considerable reduction in stiffness for reconstituted and intact clays due to

application of tube sampling strains (Baligh et aI., 1985) have also been reported (Baligh et al.,

1987; lAcasse and Berre, 1988; Hajj, 1990; Hopper, 1992; Siddique and Clayton, 1995;

Siddique et aI., 1999).

5.3.4 PORE PRESSURE RESPONSE

Figs. 5.17, 5.18 and 5.19 show the plots of change in pore pressure during shearing against axial

strain for "tube" samples of Dhaka clay for OCR values of I, 5, and 10, respectively. The

corresponding plots for the "in situ" samples are also shown in there for comparison. It can be

seen fi'om Figs 5.17 to 5.19 that compared with t1le"in situ" sample, the changes in pore pressure

of the normally consolidated and overconsolidated "tube" samples are considerably less. For the

nOimally consolidated and overconsolidated "tube" samples, lhe pore pressure change increased

up to strain about 3% and then reduced sharply up to strain at failure. For both the normally

consolidated and overwnsolidated "tube" samples, the pore pressure changes arc negative at

peak deviator stress. Similar pore pressure responses in reconstituted soft nonnally consolidated

"in situ" and "tube" samples of Dhaka clay (Sarker, 1994) and Coa~tal soils (Farooq,1995) were

repoted.

Skempton's pore pressure parameter A at peak de"iator stress (Ap) of the "tube" samples have

been :I:tetmined. The values of Ap of the "tube" samples are also shown in Tables 5.3 to 5.6 and

il ean be seen from these tables that the values of Ap "tube" samples of Dhaka clay are negative

for all OCR values. Siddique and Sarker (1995) and Siddique et al. (2000) also found negative
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Ap values fill"the "tube" samples of nonnally consolidated soft Dhaka clay and tlrree soft coastal

soils, respectively.

5.4 INFLUENCE OF STRESS HISTORY ON TUBE SAMPLING DISTURBANCE

EFFECTS

The extent of disturbance due to tube sampling in Dhaka clay has been fOWld to depend on

stress histOlY(normally consolidated and overconsolidated) of the samples. Percent reduction in

initial effective stresses (J" i) of nonnally consolidated and overconsolidated "tube" samples is

presented in Table 5.7. It can be seen that from Table 5.7 that for "tube" samples obtain with a

particular cutting shoe geometry, degree of reduction in initial effective stress decreases with

increase in overconsolidation ratio (OCR). Fig. 5.20 shows the plots of reduction in initial

effective stress with OCR for three "tube" samples. It can be seen from Fig. 5.20 tllat tile

reduction in initial effective stress due to tube sampling reduced with increasing OCR.

Table 5.8 shows a summary of the effects of tube sampling disturbance on the strength ratio,

stiffuess ratio, &p and Ap of nonnally consolidated and overconsolidated samples of Dhaka clay.

It can be seen from Table 5.8 that there is a reduction of Su /(J" vt and E;I(J" Vt with increasing

OCR and reduction in Wldrained shear strength and stiffness with increasing OCR due to tube

sampling disturbance are small. However, significantly increase in the reduction of Ap with

increasing OCR is fOWld It can also be seen from Table 5.8 that the increase in f:p reduced with

increasing OCR due to disturbance caused by tube sampling. Fig. 5.21 shows the plots of

reduction in Ap versus OCR for three "tube" samples. It is evident from Fig. 5.21 that reduction

in Ap sharply increases with increase in OCR

Fig. 5.22 presents the effective stress paths in s'.t' space for "tube" samples retrieved with a

particular tube sampler (T4) for normally consolidated and overconsolidated samples of Dhaka

clay. The nature of effective stress paths arc similar for all OCR values as shown in Fig. 5.22 and

it appeared that the OCR has no effect on the effective stress paths of "tube" samples.
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Table 5.7 Reduction in Initial effective stress of "Tube" Samples with L~otropiceffective

stress of "Perfect" Samples at different OCR values.

OCR Isotropic effe- % Rcduction in (J"' icomparcd with a' P'
Value ctive stress,

(J"' P' (kPa)
Tl T2 T3 T4 T5 T6 T7

- --- -----_.-
I 88.7 9.0 1l.8 16.8 26.2 13.9 19.2 21.9

2 40.4 5.9 8.9 15.0 25.0 12.1 19.0 21.0

5 15.1 3.9 7.8 13.8 21.8 II.! 17.8 20.4

10 7.2 3.8 7.0 12.0 21.0 9.9 15.9 18.0

Tablc 5.8 Summary of the Influence of OCR on "Tube" Sampling Disturbance Effects

Change in properties as compared willI 'in situ' samples, (%)
OCR

Reduction in Increase in Reduction Reduction in Reduction
So I (J"' vc "p in Ei I a'vc Eso I a' vc in Ap

I 22.0 - 43.0 13.4 - 57.7 32.1 - 62.2 33.4 - 64.9 146 - 148

3 21.4 - 42.6 II.! - 53.3 29.7 -62.1 30.5 - 63.4 185 - 193

5 21.4 - 41.9 l2.1 - 52.6 29.4 - 61.8 35.9 - 65.5 201 - 209

10 21.2 - 41.6 9.0 - 50.7 29.0 - 61.3 33.9 - 64.7 179-192

5.5 ASSESSMENT OF EFFECT OF SAMPLER GEOMETRY ON DISTURBANCE

OF NORMALLY CONSOLIDATED AND OVERCONSOLITED DHAKA CLAY

Initial effective stress, undrained stress-strain-strength, stiffuess and pore pressure parameters

of "tubc" and "in situ" samples were determined from undrained triaxial comprcssion tests.
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The experimentally measured soil parameters of the normally consolidated and

overconsolidated "in situ" and "tube" samples have been presentcd in the previous sections.

The effect of sampler geometry on disturbance have been assessed by comparing the soil

parameters of the "tube" samples with those of the "in-situ" samples retrieved with samplers of

different area ratio, D,It ratio and outside cutting edge angle (OCA). Summary of the effects of

cuning shoe geometry on the IIDdrained soil parameters of normally consolidated and

overconsolidated samples are presented in Tables 5.9, 5.10, 5.11 and 5.12 for Dhaka clay of

OCR values of I, 2, 5, and 10, respectively.

5.5.1 EFFECT O}<'AREA RATIO AND DJt RATIO

The experimentally measured undrained soil parameters of the "tube" samples retrieved with

samplers of different area ratio have been compared with those of the "in situ" sample. It has

been found thaI area ratio and D,lt ratio of a sampler have a profound influence on the measw'ed

undrained triaxial shear parameters. Tables 5.9 to 5.12 show that increasing area ratio (or

reducing D,lt ratio) caused increasing reductions in the values of (T'j , 8,,, Ei, 1'50 and Ap•

Increasing area ratio (or decreasing D,It ratio) of sampler, however, caused an increase in the

value of "P. Figs. 5.23, 5.24, 5.25 and 5.26 show comparisons of the change in (J' i, 8,,, "P, Ei and

E50 due to change in area ratio of the samplers for Dhaka clay of OCR values of 1, 2, 5, and 10,

respectively. Figs. 5.23 to 5.26 show that the values of a"i, su,E; and E50 reduce with increase

in area ratio wlnle the values of "P increases with increase in area ratio. Fig.5.27 shows

comparison of the percent reduction in Ap due to change in area ratio of the samplers for

different OCR values of "tube" samples. TIle reduction in Ap increases with increase in area

ratio.

Figs. 5.28 to 5.32 show comparisons of the ehange in soil properties due to change in DJt ratio

of the normally consolidated and overconsolidated "tube" samplcs for Dhaka clay. The values of

(T'i, 8", Ej and E50. reduce with decrease in D,lt ratio while the values of &p increases with

decrease in D, I t ratio. Fig. 5.32 show that the reduction in Ap reduces with increase in D,/t

ratio.
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Table 5.9 Summary of the effects of Cutting Shoe geometry on Soil Panmlelers for "Tube"

Samples of Dhaka Clay al OCR ~ 1.

Tube Sampler Dimensions %Change in properties compared with 'in-situ' sample 'l
Sample
Designa- Area I D, I I OCA Reduc- Reduc- I Increa Reduc- Rcduc Reduc-
lion Ratio . Ratio (") tion III lion in ~l -se in tion in -lion tion in

(%) I
,

Ei in Eso A"ai Ep

OCR,-T1 16.4 27.3 5 9.0 22 13.4 32 33 146.0

_._- ----- .-._---"._-- .._---
OCR,-T2 341 14.7 5 11.8 26 29.9 42 45 146.3

OCR,-'I] ----
----_._ .._. _.

40~2
----

53.0 10.4 5 168 32 50 52 1468

OCR,-T4 73.1 8.3 5 26.2 43 577 62 65 1476

OCR,-T5 34.1 14.7 10 13.9 29 34.0 47 50 1466

OCR"T6 341 14.7 15 19.2 33 44.3 51 57 1471

OCR,-T7 34.1 14.7 20 21.9 37 47.4 60 61 147.6

._--

Table 5.10 Summary of the effects of Culling Shoe geometry on Soil Parameters for "Tube"

Samples of Dhaka Clay at OCR = 2.

Tube Sampler Dimensions %Change in properties compared with 'in-silu' sample
Sample
Designa- Area 0, I I OCA Reduc- Reduc Increa Reduc- Reduc- Reduc-
tion Ratio Ratio (") lion in -tion -se III tion in tion in tion in

(%) a'j In 5" Ep E E,o A",

OCR,-Tl 16.4 27.3 5 5.9 23 III 30 35 185.3

OCR,-T2 34.1 14.7 5 8.9 27 28.9 40 45 185.8

OCR,-T3 530 10.4 5 15.1 31 41.1 49 51 18i4

OCR,.T4 73.1 8.3 5 25.0 43 53.3 62 66 192.6

---
OCR,-T5 34.1 14.7 10 12.1 29 36.7 46 47 186.3

OCR,-T6 34.1 14.7 15 19.1 34 44.4 53 56 188.4

OCR,.T7 34.1 14.7 20 21.0 39 511 59 60 1911
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Table 5.11 Summary of the elIects of Culling Shoe geometry on Soil Parameters for "Tube"

Samples of Dhaka Clay at OCR = 5.

Tube Sampler Dimensions %Change in properties compared with. in-situ' sample

Sample Area D. I t OCA Reduc- Reduc- Inerea Rcduc- Reduc- Reduc-
Designa- Ratio Ratio CO) tion in tion in -se In tion in tion in lion in
tion (%) a, Su cp E; E,o Ap

OCR,-TI 16.4 27.3 5 3.9 22 17.1 29 36 201.4

OCR,-T2 34.1 14.7 5 7.8 26 35.5 41 45 i6I6

OCR,-D 530 10.4 5 13.8 31 44.7 47 51 2057

OCR,-T4 731 83 5 21.8 42 518 62 66 2093

OCR,-T5 34.1 14.7 10 Il.l 30 35.5 44 48 205.0
I

OCR,-T6 341 14.7 15 17.8 34 526 53 58 206.4

OCR,-T7 34.1 14.7 20 20.4 38 526 58 61 207.1

Table 5.12 Swnmary of the effects of Cutting Shoe geometry on Soil Parameters for "Tube"

Samples of Dhaka Clay at OCR = 10.

Tube Sampler %Change in propertIes compared with 'in-situ' sample
Sample Dimensions
Designa- Area D,lt OCA Reduc- Reduc- Increa- Reduc- Reduc- I Reduc-
tion Ralio Ratio CO) tion in lion in se In lion in tion in tion in

(%) G; Su E,. Ej E,o Ap

f-- 29 179.2
--

OCRw-T1 16.4 27.3 5 38 23 9.0 34

OCRw-T2 34.1 14.7 5 7.0 26 29.9 39 44 186.2

OCRIO-D 53.0 10.4 5 12.0 30 38.8 45 48 186.9

OCRIO-T4 73.1 8.3 5 210 42 507 61 65 191.5

OCRw-T5 341 14.7 10 9.9 28 343 42 47 188.5

OCRIO-T6 34.1 14.7 15 15.9 32 44.8 51 56 1900

OCRw-T7 34.1 14.7 20 18.0 37 492 58 59
1---189.-2
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Compared with the "in situ" sample, the following effects on the measured soil parameters for

normally consolidated and overconsolidated Dhaka clay have been obs<:rved due to increase in

area ratio from 16.4% to 73.1% (or decrease in D.tt ratio from 27.3 to 8.3) of samplers:

(I) Initial effective stress, (7' j reduced by 9.0 to 26.20/0,5.9 to 25.m.il, 3.9 to 21.8% and 3.8 to

21.0% for OCR values of 1,2, 5, and 10, respectively.

(2) Values of Su decreased by 22% to 43%, 23% to 430/0,22% to 42% and 23% to 42°'0 for

OCR values of 1, 2, 5, and 10, respectively.

(3) Values oft>pincreased by 13.4% to 57.7%,11% 10 53.3%, 17.1% to 51.8% and 9.0"10to

50.7% for OCR values of 1,2, 5, and 10, respectively.

(4) Values ofE; reduced by 32% to 62°/0, 30% to 62°/0,2~1oto 62% and 29% to 61% for

OCR values of 1, 2, 5, and 10, respectively.

(5) Values ofE50 reduced by 33% to 650/0,35% to 66°/0, 36% to 66% and 34% to 65% for

OCR values of I, 2, 5, and 10, respectively.

(6) Values of Apreduced by 146.0% to 147.6%, 185.3% 10192.60/0,201.4% to 209.3% Md

179.2% to 191.5% for OCR values of!, 2, 5, and 10, respectively.

Siddique and Sarker (19%) and Siddique et .11. (2000) investigated the effect of area ratio on soil

parameters of reconstituted normally consolidated soft Dhaka clay and Chittagong coastal soils.

respectively. Siddique and Sarker (1996) rep011ed reduction in (7'j (up' to 42%), s" (up to 35%)

and Ej (up to 49%) and an increase in t>p(up to 81%) in reconstituted normally consolidated soft

Dhaka clay due to increase in area ratio of samplers from 10.8% to 55.2%. For "tube" samples

retrieved with tube having equivaknt cutting shoe design (AR = 34.1'J-o,D,it = 14.7), it has bcen

observed that the reduction in (7';, 80, ~ and E50 for reconstituted normally consolidated soH

Dhaka clay (Siddique and Sarker, 1996) are greater than those of the firm Dhaka clay samples

used in litis investigation. Due to increase in area ratio, Siddique et .11. (2000) also reponed lIlat

significant, the values of (7' j, Su Md ~ reduced wIllie, the value of ~pincrea~ed of reconstituted

normally consolidated soft samples of three Chittagong coastal soils.
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5.5.2 EFFECT OF OUTSIDE CUTTING EDGE ANGLE

The experimentally measured undrained soil parameters of the "tube" samples retrieved with

samplers of different outside cutting e(l;}eangle (OCA) have been compared \\ilh those of the "in

situ" samples. It has been found thai OCA of a sampler has a marked influence on the measured

undrained triaxial shear parameters. Increasing OCA caused increasing reductions in (T' i. s,,, Ei,

Ejo and Ap. Inereasing OCA of sampler, however, caused an increase in ';p' Figs. 5.33 to 5.37

show comparisons of the change in soil properties due to change in OCA of the samplers for the

normally consolidated and overconsolidated samples Dhaka clay. From Figs. 5.33 to 5.36, it can

be seen that values of (T' i, S'" E, and Ejo reduce with increase in OCA while the values of Cp

increases with increase in OCA. Figs. 5.37 shows that reduction in Ap increases with increase in

OCA.

Compared with the "in situ" sample, the following changes on the soil parameters of the

normally consolidated and overconsolidated Dhaka clay have becn observed due to increase in

OCA from 5° to 20":

(I) Initial effective stress reduced by I 1.8 to 21.9'!-o,8.9 to 21.0%,7.8 to 20.4% and 7.0 to

18.0~.'bfor OCR values of 1,2, 5, and 10, respectively.

(2) Values of Su reduced by 26% to 37%, 27% to 39%, 26% to 38% and 26'lo to 37% for

OCR values ofI, 2, 5, and 10, respectively.

(3) Values of &p increased by 29.9% to 47.4%, 28.9% to 51.1%, 35.5% to 52.6% and

29.9% to 49.2% for OCR values ofI, 2, 5, and 10, respectively.

(4) Values ofE; decreased by 42% to 60%, 40% to 59%, 41% to 58% and 39% to 58% for

OCR values of 1, 2, 5, and 10, respectively.

(5) Values ofEso decreased by 45% to 6 1%, 45% to 60"/0,45% to 61% and 44% to 59%

for OCR values of I, 2, 5, and 10 respectively.

(6) Values of Apreduced by 146.3% to 147.6%, 185.8% to 19I.1 0/0,203.6% to 207. 1%, and

186.2% to 189.2°A>,for OCR values ofI, 2, 5, and 10, respectively.
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Siddique and Sarker (19%) reported reduction in Su and E; of up to 32% and 41%, respectively,

while, an increase in E>p of up to 81%, due to increase in OCA from 4° to 15° in reconstituted

nOl111allyconsolidated soft Dhaka clay. Siddique and Sarker (1996) also reported that the values

of A,. and (T'; reduced considerably due to increase in OCA. Siddique and Farooq (1998)

reported significant reduction in (T';, E; and marked increase in E>p due to increase in OCA from

4° to 15° in a reconstituted nOl111allyconsoli(l.1ted soft Chittagong coastal soil.

From the above fmdings, it is evident that for good quality sampling, a sampler ought to have a

well combination of area ratio, DJt ratio and OCA In order to minimize disturbance due to

sampling in f1l111Dhaka clay for OCR values of I, 2, 5, and 10, area ratio and outside cutting

edge angle of sampler should be kept as low as possible. From practical point of view the area

ratio of a tube sampler should not exceed 10% and the outside cutting edge of a tube sampler

should preferably be less than 5°.

5.6 ASSESSMENT OF DEGREE OF DISTURBANCE IN "TUBE" SAMPLES

Degree of disturbance can be assessed by investigating the behaviour of the least disturbed

sample which is usually a laboratory simulated "perfect" sample. Because of additional

disturbances other than that occurred due to total stress release, the residual effective stress of

"tube" sample, 0;' is usually less than the isotropic effective stress, 0p"' of a "perfect" samplc.

Based on the values of 0p" of "perfect" sample and initial effective stress, 0;' for "tube" sample,

degree of disturbance (Dd) has been calculated using the equation no.-2.9, proposed by Okumura

(1971) and Nelson et aI. (1971).

The values of degrce of disturbance (Dd) of the for the nOl111allyconsolidated and

overconsolidated "tube" samples for Dhaka clay are shown in Table 5.13. It can be scen from

Table 5.13 that the values of degree of disturbance varied from 0.09 to 0.26, 0.06 to 0.25,

0.04 to 0.22 and 0.04 to 0.21 for the 'tubes' samples of Dhaka clay for OCR values of 1,2,5,

and 10, respectively. The degree of disturbance has been plotted against area ratio, DJt ratio and

outside cutting edge angle (OCA), as shown in Figs. 5.38, 5.39 and 5.40, respcctively. It can be
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seen from Figs. 5.38 and 5.40 that the values ofDd increases with increasing values of area ratio

and OCA of sampler. Fig. 5.39 shows that the values ofDd decreases with increasing D,/t ratio.

The quantitative values of the degree of disturbance have also been found to be dependent on

the design parameters of the samplers used for sampling the clays. Values of Dd incrcased by

up to 2.89 times due to increase in area ratio from 16.4% and 73.1% (or decrease in D,lt ratio

from 27.3 to 8.3) for the normally consolidated firm Dhaka clay. For an incrcase in OCA from

5° to 20°, values of Dd increased by up to 83% for "tube" samples of the normally

consolidated [urn Dhaka clay. lncrease in the values of Dd increases with increasing values of

area ratio and OCA has also been reported for reconstituted normally consolidated soft

samples of Dhaka clay (Siddique and Sarker, 1996) and soft samplcs of coastal soils (Siddique

and Farooq, 1998; Siddique et a!. 20(0).

Marked increase in the degree of disturbance (measured in terms of tube sampling strains)

with decreasing Djt ratio of sampler has also been analytically predicted (Baligh et a!., 1987;

Baligh 1985). Clayton et a!., (1998) fi'om numerical [mite element analyses also predicted

considerable increase in the degree of disturbance with increasing area ratio (or decreasing

Djt ratio) and increasing OCA of sampler.

Table 5.13 Comparison of Degree of Disturbance for "Tube" Samples of Dhaka clay

at Different OCR Values.

OCR Degree of disturbancc, Dd
---

T1 T2 T3 T4 T5 T6 T7

1 0.09 0.12 0.17 0.26 0.14 0.19 0.22

-~

2 0.06 0.09 0.15 0.25 0.12 O.l9 0.21

5 0.04 0.08 0.14 0.22 0.) 1 0.18 0.20

10 0.04 0.ll7 0.12 0.21 0.10 lU6 0.18
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The typical variation of Dd with OCR for "tube" samples of two tube samplers (T I and

T4) is shown in Fig. S.41. II is evident from Fig.S.41 that the degree of disturbance reduces

with increasing OCR for Dhaka clay. Siddique et al. (1999) also repoI1cd that ideal tube

sampling caused less disturbance in overconsolidated reconstituted London clay (OCR ~ 4),

compared with normally consolidated reconstituted London clay.

5.7 CORRECTION OF UNCONSOLIDATED UNDRAlMm STRENGTH OF DIL\I':A

CLAY

Ladd and Lambe (1963) suggests that the strength from unwn"olidated undrained (UU) tests

can be considered as test results on overconsolidated specimens with a maximum past

pressure equal to a' P" the value of effective stress existing before gross sample disturbance

OCCUlTed.Thus the con'ected value of s" from UU tests, which will cOlTespond to the strength

of a specimen after perfect sampling, can be estimated by treatiJl~ the ratio of (T' P' to (T i as

an overconsolidation ratio. where G'i = G', IS the initial or residual effective pressure. Based on

the prucedure suggested by Ladd and Lambe (1963), the method of con'ecting undrained

shear strength for sample disturbance involves the following three steps:

I. It is related the undrained shear strength to overconsolidation ratio using isotropic ally

consolidated undrained (CIU) tests on specimens with a' P' much greater than a' i to

reduce the effects of disturbance,

2. 111e equivalent overconsolidation ratio IS found for the UU test being con'ected by

measuring (T'i and calculating a' P' and

3. The shear strength correction value is obtained for the particular overconsolidation ratio

obtained from strength ratio (s" at (T' c to s" at a' em) versus OCR curve.

Fig.S.42 prescnts the plot of strength ratio (s" at a'i to s" at (T' ps) versus overconsolidation

ratio (a',,, / a'i) for CIU tests on Dhaka clay. As can be se~'11,the strength ratio decreases

significantly with an increase in OCR. Considering the ratio of a' P' to (T'i equivalent 10 OCR,

the loss in shear strength from excessive sample disturbance which reduces the effective stress

from a'p, to a'i can be estimated from Fig.S.42. From the isotropic and residual effective

123



•~.
../

---OCR1
---OCR2
-40.-0CR5
---.-OCR10

AR = 34.1%
Dit= 14.7

P' = 150 kPac

0.08

0.12

0.20

0.16

0.24

"0o
25-
c
III.c~
::Jenis
'0
'0

0.04
3 6 9 12 15 18 21

OCA of Sampler (degree)

Fig. 5.40. Variation of disturbance with OCA of sampler (degree)
for samples of Dhaka clay for different OCR.

0.30

0.27

0.24
"0
0 0.21
0'-uc 0.18III.c~
::J

0.15:;::;
II)is- 0.120
Ql
Ql~ 0.09fill
0

0.06

0.03

--
c-... .. , r--.....

--..... -...........

---T1

P' = 150 kPa I ---T4
- c I

~

f-

0.00
1 2 3 4 567

OCR

8 9 10 11

Fig.541. Variation of degree of disturbance, Dd vs. OCR for '1ube"
samples of Dhaka clay for samplers no. T1 and T4.

124



stress data, a typical value of cr' p' / cr'; might be 2 to 5, the equivalent OCR, using the data

from Fig.5.42, it can be seen that measured values of UU strength would be 15 to 29 percent

too low depending on the nature of Dhaka clay.

As an example, the application of the strength correction curve can be explained that for the

"tube" samples obtained with a sampler T4. For values of residual or initial effective stress,

OJ' = 65.4 kPa and maximum or isotropic effective stress op: = 88.7 kPa, OCR (cr' p. / cr 'j) of

the sample is 88.7 / 65.4 = 1.36. It is found from the curve in Fig. 5.42 that corresponding

the ratio of cr' p' / cr'j = 1.36, the ratio of Suat cr' j to s. at cr' p' is equal to 0.90. The measured

undrained shear strength, s. of the sample is 33.2 kPa, and the corrected strength should he

33.2/0.90 = 36.9 kPa.

5.8 ASSESSMENT OF INFLUENCE OF PERFECT SAMPLING DISTURBANCE IN

NORMALLY CONSOLIDATED AND OVERCONSOLIDA TED DHAKA CLAY

The undrained shear behaviour of "perfect" samples of normally consolidated and

overconsolidated Dhaka clay has been studied. "Pt.-rfeet" sample has been modeled on Dhaka

clay for OCR values of I, 2, 5, and 10, in the laboratory by undrained release of the total stresses

and sheared in compression under undrained condition up to failure. The values of, Au

(Skempton's pore pressure parameter for the undrained release of shear stress) and the

isotropic effective stress, op,' of the "perfect" sample have been dctermined using Equation

nos. 2.6 and 2.5, respectively. The values of isotropic effective stress, cr' p' for "perfect" samples

are 88.7 kPa, 40.4 kPa, 15.1 kPa and 7.2 kPa, and the values of A.are 0.182,0.077,0.0053 and

-0.0464 of Dhaka clay for OCR values of I, 2, 5, and 10, respectively. 'The values of, cr' p' /

cr'v< for "perfect" samples are 0.59, 0.54, 0.503 and 0.48 for OCR values of I, 2, 5 and 10,

respectively. It has been found that the values of Au and cr' p' / cr' vc of "perfect" samples reduce

\vith increase in OCR for the samples of Dhaka clay.
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5.8.1 CHANGES IN EFFECTIVE STRESS PATHS

A comparison of the effective stress paths, in s' -t' [ s': (0.' + 0/)/2, t' : (0.' -0/)/2] space for

the "in situ" and "penect" samples of Dhaka clay for OCR values of I, 2, 5, and 10 is

presented in Fig. 5.43. II can be seen from Fig. 5.43 that for the normally consolidated "in

situ" sample, initially s' decreascs with the increase in I' and then it increases with further

increase in t', as failure approaches. For the nOimally consolidated and overconsolidated

"penect" sample, however, s' increases with the increase in t' throughout whole stage of

undrained shearing. The nature of the effective stress path of the normally consolidated

"perfect" sample has markedly different from that of thc respcctive "in situ" sampk

Significant difference in stress path between normally consolidated "in situ" and "perfect"

samples has also been reported for the regional clays of Bangladesh (Siddique and

Farooq, 1996; Bashar et a1.1997a; Siddique and Sarker,1998). II is found from Fig. 5.43 that

the nature of the effective stress paths of the overconsolidated "in situ" and "perfect" samples
were similar.

5.8.2 CHANGE IN STRENGTH, STRAIN AND STJI?FNESS PROP~=RTIES

Fig. 5.44 shows the devialor stress versu~ axial strain plots for the "in situ" and "perfect" samples

of normally consolidated and overcOllSolidaled Dhaka clay. From the stress-strain data, the

values of So, E;, E~oand '1> have be\.11determined for both thc "in situ" and "perfect" samples. A

comparison of the lmdrained soil parameters of the "in situ" and "perfect" samples are presented

in Table 5.14. The test results are not coneeted with respect to water content II can be seen fi'om

Table 5.14 that because of the relief of total slt'ess, the values of Su decreascd by 4.4%, 5.9%,

7.9%, and 8.2%, while, the values of Ep increased by 7.20/0,8.9%, 19.7% and 20.9% for OCR

values of 1,2, 5 and 10, respectively. Table 5.14 also shows that because of di~turbance due to

stress release, compared with the "in situ" sample, the values of Ej increased by 14%, 9.2%,

8.5%, and 7.60/0,and also the values ofE~o. increased by 19%, 10.9%, 10.70/0,and 9.9%, of the

"perfect" samples of Dhaka clay ( PI : 26) for OCR values of I, 2, 5, and 10, respectively.

Reduction in So and increase in "P. Ej and E~odue to pcrJcct sampling disturhance has also heen
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reported for nonnaHy consolidated reconstituted samples of Dhaka clay and coastal soils of

Bangladesh (Siddique and Sarker, 1998; Siddique and Farooq, 1996; Bashar et, al. 1997a).

Due 10 relief of total stress for "perfect" samples, the reduction in s" and increase in 6p and Ei of

nonnany consolidated for soft Dhaka clay (Siddique and Sarker, 1998) arc greater than those of

the finn Dhak.l clay of the present investigation.

Kirkpatrick and Khan (1984) and Kirpatrick et al. (1986) also rep0l1cd reduction in s" and

increase in &p for nonnany consolidated and overconsolidatcd samples of kaolin and Illite.

Kirkpatrick and Khan (1984) and Kirpatrick et al. (1986), however, found considerable

reduction in secant stiffness at peak deviator stress in both nOimany consolidated and

overconsolidated samples of Kaolin and l1Iite. These fIndings contrast with those obtained in

the present investigation.

Fig. 5.45 represents the plot of reduction in s" versus OCR for "pelfect" samples of Dhaka clay.

It is evident from Fig. 5.45 that the reduction in undrained shear strcngth increases with

increase in OCR. Thi~ rmding contrast with that reported by Kirpatrick et al. (1986).

Kirpatrick et al. (1986) found an increase in s" with the increase in OCR for pelfect samples of

Illite.

Due relief of total stress, tlte increase in E; and E50 for "perfcct" samples of nOimally

consolidated and overconsolidated Dh.lka clay, however, reduced with increase in OCR. It has

been found that the increase in the value of &p increases with incrCi~~ingOCR of Dhaka clay.

5.8.3 CHANGES IN PORE PRESSURE RESPONSE

Fig. 5.46 shows a compalison of the change in porc pressw'e with axial strain dwmg sheating

bctween the nonnally consolidated and overconsolidated "in situ" amI "perfect" samples of

Dhaka clay. It can be seen from Fig. 5.46 lha~ compared with thc "in situ" sample the challge in

pore pressure lor the "pelfect" samples are considerably less. From Fig. 5.46, it appears that for

the "perfect" samples at low strains the pore pre,'lIre increases rapidly with the increase in
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J~\iator stress. The pore pressures, however, typically st.lrt to dccrcase before the peak deviator

stress has reached resulting in considerably lower values than those.for tl\C"in situ" sample.

The valucs of AI' for thc "perfect" and "in situ" samplcs arc also in Tablc 5.14. It can bc

showcd from Tablc 5.14 Il\at the valucs of A" of the "perfcct" samplcs arc very small as

compared to the AI' of "in situ" samples for different overconsolidation ratios because of

disturbance due to stress relief. It can also be seen from Table 5.14 that due to the relief of total

stress, the values of pore pressure parameter at peak deviator stress (Ap), reduced by 90%, 79'%,

75% and 72% for OCR values of I, 2, 5 and 10, rcspectively. The reduction in valuc of AI'

reduces with increasing OCR for "pclfect" samples of Dhaka clay. Siddique and Sarker (1998)

and Siddique and Farooq (1996) also reported Il\at tl\C significant reduclion in AI' bccausc of

disturbance due to perfect sampling in nOlmally consolidated Dhaka clay and coastal soils,

respectively.

Table 5.14 Undrained Shear Characteristics of "Perfect" and "In Situ" Samples

---

Sample Su &p E; E50 A"
Designation (kN/m2

) (%) (kN/m2
)

(kN/m2
)

OCRj-P 54.1 10.4 32490 27300 0.043

OCR1-I 56.6 9.7 28500 22950 0.42

OCR1-P 51.0 9.8 28970 24120 0.tH9
-

OCR1-! 54.2 9.0 26530 21750 0.19

OCR5-P 46.4 9.1 26450 22650 0.035

OCRJ-! 50.4 7.6 24380 20450 0.14

OCRwP 42.8 8.1 23920 20830 0.036

OCRw! 46.6 6.7 22230 18950 0.13
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5.10 ASSESSMENT OF INFLUENCE OF "RECONSOLIDA TION" ON

RECONSTITUTED OVERCONSOLIDA Tim DHAKA CLAY

The undrained stress-strain-strength, stiffness and pore pressure response due to reconsolidation

has been investigated for both "tube" and "perfect" samples. Isotropic and anisotropic

reconsolidation procedures were adopted 10 order to assess the suitability of different

reconsolidation procedure to minimize the sampling disturbance effecls in overconsolidated

Dhaka clay. Reconsolidation was carried out on both the "tube" and "perfect" samples of Dhaka

clay for OCR values of 2 and 10. 111efollowing two reconsolidation methods were used for the

"tube" and "perfect" samples:

(i) Isotropic Reconsolidation: Samples were reconsolidated using hydrostatic consolidation

stress equal to initial vertical effective stress, u' ve of the "in situ" sample. A back

pressure of 270 kN/m2 has been used during isotropic consolidation of tile sample.

(ii) Anisotropic reconsolidation using Bjerrum (1973) procedw'e: Samples were

reconsolidated under Ko-consolidation to vertical effective stresses eyual to 1.0 times the

effective initial vertical stress (u'vo) of the "in situ" samplc. A back pressure of 270

kN/m2 has been used dwing Ko-consolidation of the samples.

(iii) Anisotropic reconsolidation using SHANSEP (Ladd and Footl, 1974) procedure: samples

were reconsolidated anisotropically using SHANSEP procedure to vertical effective

stresses equal to 1.5 and 2.5 times the effective initial vertical stress (u've) of tile "in situ"

sample. A back pressure of 270 kN/m2 has been used during Ko-consolidation of thc

samples.

5.10.1 RECONSOLIDATED "TUBE" SAMPLES

Reconsolidation was camed out on "tube" samples which were retrieved using tile sampler of

area ratio = 34.1% (t = 3.0 mm), Djt = 14.7 and OCA = 5°. 111eWldrained soil parameters of the

reconsolidated "tube" samples have been determined from stress-strain and pore pressure data.

111esoil parameters of the reconsolidated "tube" samples are presented in Tables 5.15 and 5.16

for Dhaka clay for OCR values of2 and 10, respectively. In Tables 5.15 and 5.16, the respective
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soil parameters of "in situ" sample are also shown for comparison. TIle test results are not

corrected with respect to water content

It can be seen from Tables 5.15 and 5.16 that isotropic recOllsolidation, usmg an effective

consolidation pressure equal to [J'vo (which are 75 kN/m2 and 15 kN/m2 for samples of Dhaka

clay for OCR values of 2 and 10 respectively) of the "in situ" sample, has the effect of significant

overestimation of "in situ" undrained shear strength (su), a.xial strain at peak deviator stress (Ep),

initial tangent modulus (E;), secant stiffiless at half of the peak deviator stress (E~o)and pore

pressure parameter at peak deviator stress (Ap) for both OCR-values. It can be seen from Tables

5.15 that Su.Cp.Ei.Esoand AI'increased by 16.70/0,33.3%, 36.7')-0,15.3% and 21.1~'o,respectively
due to isotropic reconsolidation of "tube" samples for OCR values of 2. It can also be seen from

Tables 5.16 that s••.Cp.Ei. E50and AI' increased by 11.6%, 49.2%, 11.6%, 19.7% and 30.7%,

respeetively due to isotropic reconsolidation of "tube" samples for OCR values of 1O. Siddique et

aI. (2000) also reported that Su, Ep and E; increased willie Ap decreased due to isotropic

reconsolidation in two normally consolidated soft samples of coastal soils.

It can also be seen from Tables 5.15 and 5.16 that undrained strength ratio (siov/) and stiflness

ratios (E;/ovo' and E5010v/) reduce while the values of Cpand AI' increase due 10 reconsolidation

of Bjerrum procedure and SHANSEP procedures for "tube" samples of both OCR values. For

OCR of 2, the following changes in undrained soil parameters bctwecn "in situ" samples and

"tube" samples reconsolidated anisotropically under ~-consolidation were found:

(i) sjov/ redueed by 4.4')-0, 18.5% and 21.2% in samples reeonsolidated using Bjerrum,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

(ii) E;lov/ reduced by 19.0'?-b, 36.1% and 49.0% in samples reconsolidated using Bjerrum,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

(iii) Ew/0vo' reduced by 25.10/0,39.1% and 48.3% in samples reconsolidated using Bjerrum.

SHANSEP-1. 5 and SHANSEP-2.5 procedures respectivcly.

(iv) Cpincreased by 3.3'?-b, 25.6% and 44.4% in samples reconsolidated using I3jerrum,

SHANSEP-1.5 and SHANSEp.2.5 procedures respectively.

(v) AI' increased by 10.5%, 73.6% amI 89.5% in samples reconsolidated using Bjerrum.

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.
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For OCR of 10, the fonowing changes in undrained soil parameters between "in situ" samples

and "tube" samples reconsolidated anisotropicany under Ko-consolidation were found:

(i) s,/cr,"" reduced by 4.8%, 24.5% and 30.0~'o in samples reconsolidated using Bjerrum.

SHANSEP-1.5 and SHANSEP-2.5 proccdures respectively.

(ij) E;lerv: reduced by 29.1%, 39.0% and 5'-'.6% in samples reconsolidated using Bjemlm.

SHANSEP-1.5 an" SIiANSEP-2. 5 procedures respectively.

(iii) E,oier,,,,' reduced by 32.4%, 42.3% and 51.6% in samples reconsolidated using Bjel1um,

SHANSEP-1.5 and SI IANSEP-2.5 procedures respectively.

(iv) "p increased by 19.4%, 29.R% and 58.2% in samples reconsolidated ILsing Bjel1um,

SHANSEP-I.5 and SHANSEP-2.5 procedures respectively.

(v) A" increased by 15.4%. 131% and 146% in samples reconsolidated using BjcnuIn

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

The above results indicate that compared with SHANSEP reconsolidation procedures for both

OCR-values, the soil parameters of "tube" samples reconsolidated using Bjerrum procedure

(CKoU-I.O a've) agrees more closely with those of the respective "in situ" samples than those of

the samples reconsolidated using SI-IANSEP procedures. Siddique et al. (2000) reported that

reeonsolidatiun uf "tube" samples using SHANSEP-1.5 procedue produced bet1er agreement

with the characteristics of the respectivc "in situ" samples fur recunstitutcd norm,llIy

consulidated two coastal soils. Sarker (1994) reponed that K,-reconsolidation of "tube" samples

using the SHANSEP procedures could not restore "in situ" behaviour. Siddique et al. (2000) and

Sarker (1994), however, did not adopt the reconsolidation of "tube" samples using Bjemlm

procedure in their investigations.

The nonnalized deviator stress versus axial strain pluts of the reconsoliilillc.d "tube" samples of

Dhaka clay for OCR values of 2 and 10 are presented in Figs. 5.47 and 5.48, respectively, In

Figs. 5.47 and 5.48, the corresponding plots for the respective "in situ" sample are also shown

fi)r comparison with the reconsolidated "tube" samples. It is observed from Figs. 5.47 and 5.48

that dIe plot of the sample reconsolidated using Bjen1l1l1procedure agrees most favourably with

the "in situ" sample.
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The variations of pore pressure parameter with axial strain of the rcconsolid.1ted "tube" samples

of Dhaka clay for OCR values of2 and 10 are prcsented in Figs. 5.49 and 5.50, rcspcctively. In

Figs. 5.49 and 5.50, the corresponding plots for the "in situ" sample are also shown. Figs. 5.49

and 5.50 also show the plot of sample reconsolidated using Bjerrum procedure produces better

agreement with the "in situ" sample than those of samples reconsolidated using Isotropic and

SHANSEP reeonsolidation procedures.

Table 5.15 Comparison of Undrained Shear characteristics of "In Situ" and

Reeonsolid.1ted "Tube" Samples of Dhaka Clay at OCR =2.

Sample Test su/a~vc Ep(%) Ej f CT' vc E'Of (T'", Ap

Designation Type

OCRz-T2 CIU-1.0 (T'v, 0.84 12.0 483.4 334.5 0.23

-' -~---
OCRz-T2 CKoU-1.0 (TOV< 0.69 9.3 286.5 217.2 1l.21

-
OCRz-T2 SHANSEP-1.5 0.59 11.3 226.1 176.6 0.33

OCRz-T2 SHANSEP-2.5 0.57 13.0 180.5 149.7 0.36

OCRz-I ~~InSitu" 0,72 9.0 353.8 290.0 0.19

Table 5.16 Comparison of Undrained Shear characteristics of "In Situ" and

Reconsolidated "Tube" Samples of Dhaka Clay at OCR =10.

Sample Test su/a'vc Ep(%) Ei / a' vc ElOf(T'vc Ap

Designation Type

OCRwT2 CIU-1. 0 CT'v< 3.46 10.0 1653.3 1511.9 0.17

OCRIO-T2 CKoU-1.0 CT'v< 2.95 8.0 1050.6 853.0 0.15

OCRwT2 SIIANSEP-1.5 2.34 8.7 904.0 728.8 0.30

OCRw-T2 SHANSEP-2.5 2.17 10.6 701.8 611.8 0.32

OCR wI ~'InSitu" 3.10 6.7 1482.0 1263.0 0.13
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5.10.2 RECONSOLIDATED "PERl<'ECT" SAMPLE

Undrained shear strength (Su), stiffnesses (E; and E50) and pore pressw'e parameter at peak

deviator stress (Ap) have been determined from the stress-strain and pore pressure data of

reconsolidated "perfect" samples. A comparison of undrained soil parameters of reconsolidated

"perfect" samples are presented in Tables 5.17 and 5.18 for Dhaka clay for OCR values of 2 and

IO respectively. In Table 5.17 and 5.18, Ule respective soil parameters of "in situ" sample are

also shown for compaJlson. TIle test results are not com:cted with respect to water content.

It can be seen from Tables 5.17 and 5.18 that isotropic reconsolidation has the effect of marked

overestimation of "in situ" Wldrained shear strength (s,,), axial strain at peak deviator stress (&1')

stiffncsses (Ej and E50) and pore pressure parameter at peak deviator stress (AI') for both OCR

values. It can be seen from Tables 5.17 that Su. £1'. Ej. E50 and AI' increased by 20.8%, 25.5%,

60.3%, 37.9'% aIld 36.8% respectively due to isotropic reconsolidatioll of "perfect" samples for

OCR values of 2. It can also be seen from Tables 5.18 that Su. Ep• E;.E50 and AI' increased by

14.8%, 49.2%, 49.50/0, 23.3% and 46.1% respectively due to isotropic reeonsolidation of

"petfect" samples for OCR values of 10. Siddique et a!. (2000) also reported that "", Ej.Ep and AI'

increased due to isotropic reconsolidation of "perfect" samples for three normally consolidated

coastal soils.

Tables 5.17 and 5.18 show lhe values of sJ0vc', E;/ovc' and E5010",,' reduce while the value of

Ep and AI' increases due to reconsolidation ofBjerrum procedure and SHANSEP procedures for

"perfect" samples of both OCR values. For OCR of 2, the following changes in undrained soil

parameters between "in situ" samples and "perfect" samples reconsolidated anisotropieally under

Ko-consolidation were found:

(i) sJ0vc' reduced by 2.7'lo, 12.5% and I3. 8% in samples reconsolidatcd using BjetTUtll,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

(ii) E/ov,' reduced by 5.9°/0, 23.9% and 39.1% in samples reeonsolid.lted using Bjerrum,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

(iii) E50/0",,' reduced by 5.4°/0, 18.4% and 34.7% in samples reconsolidated using Bjenum,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.
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(iv) Ep increased by 3.3%, 5.6% and 18.9% in samples reconsolidated usmg BjenulIl,

SHANSEP-1.5 and SHANSEP-2.5 procedures resJX;:ctively.

(v) Ap increased by 15.7%.,94.7% am! 115.7% in sampks reconsolidated using B.i~1TUn1.

SHANSEP-1.5 and SI.lANSEP-2.5 procedures respectively.

For OCR at 10, the following changes in Wldrained soil parameters between "in situ" samples

and "perfect" samples reconsolidated anisotropically under Ko-consolidation were found:

(i) s,/o.o' reduced by 2.6%, 18.4% and 23.2% in samples reconsolidated using 13je01111l.

SIIANSEP-l. 5 and SHAl'JSEp.2.5 procedures resjX'dively.

(ii) Ej/oy<' rcdneed by 12.4%.. 30.4% and 46.6% in samples reconsolidated using Bjenu"l.

SHANSEP-l.5 <U1dSHANSEP-2. 5 procedures respectively.

(iii) Esolo •.,' reduced hy 13.3%, 25.2% and 42.2% in samples reconsolidatcd using Bjcnum,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

(iv) sp increased hy 8.9'l<~ 26.8% and 38.8% in samples reconsolidated usmg Bjemlm,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

(v) 1\, increased by 30.1%, 138% and 161% in samples reconsolidated using Bjenum,

SHANSEP-1.5 and SHANSEP-2.5 procedures respectively.

It appears from the above [m<!ingsthat for both OCR-values, compared with SIIANSEP

reconsolidation procedures, the soil parameters of "perfect" samples reconsolidated using

BjCITllmprocedure (CKoU-I.O fT've) agrees more closely with those of the respective "in situ"

samples than those of the samples reconsolidated using SHANSEP procedures. Siddique et al.

(1997) also reported that reconsolidation using Bjerrum procedure produced the hest estimate of

the "in situ" samples for three coastal soils. Siddique and Saller (1998) reponed that reconsoli-

dation of "perfect" specimens using SHANSEP procedures could nol restore the characteristics

of the "in situ" specimen for normally consolidated Dhaka clay. Siddique and Faroo,! (1996)

fOWldthat Ko-reconslidation of "petfect" sample to in SHANSEP-I.5u'vc produced the best

agreement for two coastal soils. Siddique and Sarker (1998) and Siddique and Farooq (1996),

however did not adopt the reconsolidation of"petfect" samples using Bjenum procedure.
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Table 5.17 Comparison of Undrained Shear characteristics of "In Situ" and

Reconsolidated "Perfect" Samples of Dhaka Clay at OCR =2.

Sample Test su/<T~vc ",,('Yo) E;/(T'vc E~o/ a"vc A"
Designation Type

OCR2-P ClU-1.0 (T'vo 0.87 11.3 567.2 400.5 0.26

OCRz-P CKoU-l.O (T'vo 0.70 9.3 332.6 274.2 0.22

OCRz-P SHANSEP-l.5 0.63 9.5 269.2 236.7 0.37

OCRz-P SHANSEP-2.5 0.62 10.7 215.3 189.4 0.41

OCRz-I UIn Situ" 0.72 9.0 353.8 290.0 0.19

Table 5.18 Comparison of Undrained Shear characteristics of "In Situ" and

Reconsolidated "Perfect" Samples of Dhaka Clay at OCR = 10.

Sample Test Su / (1' vc ""COlo) Ej/cr'vc E,o / cr' vc Ap
Designation Type

--
OCRlO-P ClU-l.O (T'vc 3.56 10.0 2216.0 1557.6 0.19

OCRw-P CKoU-1.0 (T'vc 3.02 7.3 1298.6 1095.0 0.17

-
OCRw-P SHANSEP-1.5 2.53 8.5 1032.2 944.0 0.31

OCRw-P SHANSEP-2.5 2.38 9.3 790.8 729.7 0.34

OCRw-I ~InSitu" 3.10 6.7 1482.0 1263.0 0.13

TIle nonnalized deviator stress versus axial strain plots for the reconsolidated "pelfect"

sample of Dhaka clay for OCR values 2 and 10 are presented in Figs. 5.51 and 5.52

respectively. Figs. 5.51 and 5.52 also show the corresponding plots for the "in situ" sample for

comparison with the reconsolidated samples. It can be seen from Figs. 5.51 and 5.52 that the
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plot of tile sample reconsolidated using Bjemun procedure agrees most [avow'ably ""lth the "in

situ" sample.

The variations of pore pressure parameter Witll axial strain [or the reconsoli(iated "perfect"

sample of Dhaka clay for OCR values 2 and 10 are presented in Figs. 5.53 and 5.54

respectively. Figs. 5.53 and 5.54 also show the plot of tile sample reconsolidated using

Bjerrum reconsolidation procedure produces bener agreement with Ihe "in situ" sample than

those of the samples reconsolidated using Isotropic and SHANSEP reconsolidation procedw'cs.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

FOR FUTURE STUDY

6.1 CONCLUSIONS

In this researcl1, the effects of tube and perfect sampling disturbance on undrained shear

characteristics have been investigated for reconstituted normally consolidated and

overconsolidated (OCR values of 2, 5 and 10) Dhaka clay. The influence of the sampler

characteristics, namely, area ratio and oul~ide cutting edge angle on the measured soil parameters

has also been examined. Attempt influence of stress history on tube and perfect sampling

disturbance effects in samples of Dhaka clay has been made to examinc. TIle suitability of

different reconsolidation of "tube" and "perfect" samples using diffc.rent reconsolidation

procedures has been assessed in order to restore "in situ" behaviour. The main fmdings and

conclusions have been separated into four sections relating to the following areas:

(1) The influence of tube sampling disturbance on the undrained shear parameters of

samples for reconstituted normally consolidated and overconsolidated Dhaka clay.

(2) The effect of perfect sampling disturbance on undrained shear parameters of samples for

reconstituted nomtally consolidated and overconsolidated Dhaka clay.

(3) TIle influence of stress history on lube and perfect sampling disturbance effects in

samples of Dhaka clay.

(4) Reconsolidation effect in "tube" and "perfect" samples of reconstituted

overconsolidated Dhaka clay for OCR values of 2 and 10.
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6.1.1 INVESTIGATION OF THE INFLUENCE OF 11JBE SAMPLING DISTURBANCE

IN DHAKA CLAY

Effects of tube sampling distwi>ance on undrained stress-strain-strength, stiffness and pore

pressure characteristics have been investigated for reconstituted normally consolidated and

overconsolidated samples of Dhaka clay. The major findings and conclusions of the present

investigation are summarized below:

I. Disturbance due to tube sampling led to reduction in the values of initial effective stress

(l7' i ),undrained shear strength (su), initial tangent modulus (Ei), secant stiffness at half of

the peak de\<iator stress (Elo) and Skempton's pore pressure parameter A at peak de\<iator

stress (Ap) while tlle value of axial strain at peak de\<iator stress (f:p) increased due to

disturbance.

2. It was found that the nature of the effective stress paths of the normally consolidated "tube"

samples were markedly different from that of the respective "in situ" sample. However, tlle

nature of the effective stress paths of the overconsolidated "in situ" and "tube" samples

were, in general, similar.

3. Compared with "in situ" samples, the pore pressw'e changes of the "tube" samples are

significantly less, resulting in much lower values of Ap for the "tube" samples ilian iliosc of

ilie "in situ" samples. The values of Ap ofilie "tube" samples were found to be negative .

•- 4. The results indicated iliat compared wiili normally consolidated reconstituted Dhaka Clay,

tube sampling caused relatively little degree of disturbanCe in overconsolidated

reconstituted Dhaka Clay.

5. Changes in undrained soil parameters between the "in situ" and "tube" samples were

found to depend significantly on ilie design of sampling tube. The higher the area ratio

and OCA of sampler, ilie greater is ilie reduction in cr'i. Su,~. and Elo. Values of 6p

however, increased with increase in area ratio (or decrease in D,lt ratio) and increase in

OCA of sampler.

6. The quantitative valUes of degree of disturbance (Dd) of "tube" samples increased

significantly wiili the increase in area ratio (or decrease in Djt ratio) and increase In

OCA of sampler.
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6.1.2 INVE~'TIGAnON OF THE EFFECTS OF PERFECT SAMPLING

DISTIJRBANCE IN DHAKA CLAY

Influences of perfect sampling disturbance on undrained stress-strain-strength, stiffness and

pore pressure characteristics have been investigated for reconstituted normally consolidated

and overconsolidated samples of Dhaka clay. The main findings and conclusions are as

follows:

1. The nature of the effective stress path of the normally consolidated "perfect" sample was

markedly different from that of the "in situ" sample. The nature of the effective stress paths

of the overconsolidated"in situ" and "perfect" samples, howeverj were similar.

2. Disturbance due to perfect sampling led to reduction in the values of Su while the values

of Eo. Eso and !:p increased because of disturbance due to total stress relief.

3. Compared with "in situ" samples, the pore pressure changes of the "perfect" samples are

very small, resulting in much lower values of A" for the "perfect" samples than those of the

"in situ" samples.

6.1.3 INFLUENCE OF STRESS HISTORY ON TIJBE AND PERFECT SAMPLING

DISTIJRBANCE EFFECTS

The conclusions relating to the influence of stress history on tube amI perfect sampling are

summarised below:

The influences of stress history on tube sampling are as follows:

1. The reduction in (J'j reduced with the increase in overconsolidation ratio (OCR).

2. Trend of small decrease in the reduction of Su fa' vc and E;la' vc with increasing OCR were

obtained. However, significant increase in the reduction of A" with increasing OCR was

found.

3. The values of Suo Ej and Eso decreased with increasing OCR. However, the degree of

reduction in Su. E; and Eso with increasing OCR were found to be small.

4. The increase in !:p reduced with increasing OCR.
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The influences of stress histmy on perfect sampling are as follows:

1. The reduction in Su increased with the increase in OCR.

2. The increase in value of &p increased with increasing OCR.

3. TIle increase in the values of E; and Ejo reduced with the increase in OCR.

4. The reduction in value of Ap reduced with increasing OCR.

6.1.4 EFFECT OF RECONSOLIDA nON OF "TUBE" AND "PERFECT" SAMPLES

ON OVERCONSOLIDATED DHAKA CLAY

TIle conclusions relating to the influence of reconsolidation in "tube" and "perfect" samples of

overconsolidated samples of Dhaka clay having OCR values of 2 and 10, are summarised

below:

1. Isotropic reconsolidation (CIU-1.0a'ye), using an effective consolidation pressure equal to

a'v< of the "in situ" sample, had the effect of gross overestimation of "in situ" values of Su,

&p, E;, ~o Ap for the "tube" and "perfect" samples for both the OCR values.

2. In contrast to isotropic reconsolidation, for bolh OCR values, the undrained shear strength

ratio (sJa' ye)and stiffuess ratios (E;Ia' yeand Eso1a'ye)of the " tube" and "perfect"

samples reconsolidated using Bjerrum (CKoU-1.0a'vc) and SHANSEP (-1.5a'ye and-

2.5a'vc) procedures were, in general, less than those for the "in situ" samples.

3. Despite ofbolh the Bjerrum and SHANSEP reconsolidation procedures provided a lower

bo\ll1dvalues of sJa' ye.Eva' yeand Eso1a'ye.and an upper bound the value of &p and A" for

the "tube" and "perfect" samples than those of the "in situ" samples for both OCR values,

the "tube" and "perfect" samples reconsolidated using Bjerrum procedure agreed more

closely with those of "in situ" samples for both OCR values.

From the aforementioned findings, it is evident that disturbance due to tube sampling depends

considerably on the design of a saltlpler. For good quality sampling, a sampler ought to have a

well combination of area ratio and OCA In order to minimise disturbance due to sampling in

normally consolidated and overconsolidated Dhaka clays, area ratio and outside cutting edge

angle of saltlpler should be kept as low as possible. From practical point of view, the area ratio of
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a tube sampler should not exceed 10"10 and the outside cutting edge of a tube sampler should

preferably be less than 5°. It has been obselVed form the present study that strength and stiffness

of "tube" samples are always less than those of "in situ" samples. So, from practical point of

view, although geotechnical analyses and designs, based on strength and stiffness of soils

obtained from laboratory tests of "tube" samples, are on the safe side but it would lead to

uneconomic and over design of structures. For optimwn and economic design, undrained

strength and stiffness parameters of the fotmdation soils, therefore, should be cOlTected before

being used in the design. In the present research, a correction curve has been developed. lhis

correction curve can be used to find the perfectly undisturbed strength of the tube samples of

Dhaka clay for use in analyses and designs.

6.2 RECOMMENDATIONS FOR FlJTIJRE STIJDY

Several aspects of the work presented in this thesis require further study. Some of the important

areas of future research are listed below:

(I) In this research, reconstituted normally consolidated and overconsolidated samples has

been used to investigate the effects of sampling disturbance on mechanical properties

in Dhaka clay. lhis research may be extended using natural undisturbed Dhaka clay

to compare the changes in behaviour between reconstituted and intact samples.

(2) Effects of area ratio and outside cutting edge angle of sampler on disturbance have

been investigated. Besides this, the effect of other design parameters of tube sampler,

on sampling disturbance can be investigated. Such design parameters may include

inside clearance ratio, outside clearance ratio, inside cutting edge angle and diameter of

the sampler.

(3) In tills research, reconstituted Dhaka clay has been used. Similar research can be carried

out on normally consolidated and overconsolidated soils collected from different regions

of Bangladesh, particularly soils from coastal regions.
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