i+l

NRC Publications Archive
Archives des publications du CNRC

Sampler trials on overconsolidated sensitive clay
Eden, W. J.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de l'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

Publisher’s version / Version de I'éditeur:

ASTM Special Technical Publication, 483, pp. 132-142, 1971-01-01

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=6889acfa-2fae-45a5-b29e-46a0a2dea176
https://publications-cnrc.canada.ca/fra/voir/objet/?id=6889acfa-2fae-45a5-b29e-46a0a2dea176

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’acces a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la

premiere page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

National Research  Conseil national de C dl*l
Council Canada recherches Canada ana, a



.
x\mwv%\mxw

7

i
.

.

.

o

.
.

M\m

&w\;




NW,M.
.
.

.

.




Authorized Reprint from
Special Technical Publication 483
Copyright
American Society for Testing and Materials
1916 Race Street, P;;i%adelphia, Pa. 19103
1

f= 12
L R

7

W.J. Eden ANALY

i.f 4

&

Ly

Sampler Trials in Overconsolidated
Sensitive Clay

REFERENCE: Eden, W. J., ““Sampler Trials in Overconsolidated Sensi-
tive Clay,’’ Sampling of Soil and Rock, ASTM ST P 483, American Society for
Testing and Materials, 1971, pp. 132-142.

ABSTRACT: During the excavation of pump wells for a sewage treatment
plant, it was possible to obtain large, undisturbed, block samples of extremely
sensitive yet overconsolidated clay from depths ranging from the surface to
70 ft. With these block samples as a reference, sampling was conducted with
four types of piston samples, and the test results were compared with those
obtained from the block samples. The in situ strength of the clay also was
measured with the field vane test. Samplers used in the trials were the Swedish
Foll, the Norwegian 54 mm, the Swedish 50 mm, and the 5-in.-diameter Oster-
berg hydraulic sampler.

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 this study is that
present methods of sampling of such soils by boring from the surface do not
produce satisfactory undisturbed samples in this material.

KEY WORDS: sampling, sample disturbance, marine c¢lays, -consolidation,
shear strength, vane test, evaluation, tests

A complete evaluation of disturbance due to sampling requires the
trial of a variety of sampling tools and techniques at sites where the soil
properties are well known. This paper describes a study at one site where
properties measured on large block samples could be compared with those
measured using four types of thin-walled tube samples and the field vane
test.

The opportunity for this study arose in 1961, when the City of Ottawa
began the construction of a sewage treatment plant which required the
excavation of 75 ft of sensitive, overconsolidated Leda clay for the pump
wells. Large block samples of the clay were obtained from 6 levels as the
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EDEN ON OVERCONSOLIDATED SENSITIVE CLAY 133

excavation proceeded. Preconsolidation pressure and undrained-strength
determinations on the block samples provided the data for comparison
with test results obtained by other sampling methods.

The Site

The site for the sampling is located along the Ottawa River at the
eastern outskirts of the City of Ottawa; in an extensive clay plain with a
surface elevation of 175 ft (53 m). The entire soil profile down to the
underlying glacial till consists of Leda clay. The geotechnical profile for
the site is indicated in I'ig. 1; the strength and preconsolidation pressures
were obtained from block samples. From the surface down to 8 ft (2.5
m) the clay is friable and oxidized. From 8 ft (2.5 m) to about 45 ft (14
m) the clay is quite stiff with a sensitivity of about 20. Figure 1 shows
in detail the change in water content and the plasticity characteristics.
Below 45 ft (14 m) the clay becomes slightly coarser; natural water con-
tent decreases and sensitivity increases dramatically, being of the order
of 1000 at 535 ft (17 m). As Fig. 1 indicates, the clay is overconsolidated
by about 4 tons/ft* (4 kg/cm?).

The site has been the subject of several investigations reported earlier:
Crawford [7, 2],> Crawford and Eden [3], Jarrett [4], and Eden and Bozozuk
[5]. A detailed deseription of the construction of the pump wells may be
found in a paper by Pappas and Sexsmith [6]. The preconsolidation pres-
sures and undrained strength which were determined from the block
samples are considered reliable [3], because they agree well with regional
correlations established for the Ottawa area.

Samplers and Sampling

The large, block ‘‘reference’” samples were carefully taken as the ex-
cavation for the pump wells proceeded, at depths of 22 ft (6.7 m), 34 ft
(7.9 m), 45 £t (13.7 m), 53 £t (16.1 m), 62.5 ft (19.1 m), and 72 ft (22 m).
The blocks, which were about 10 in. to each side, were cut from clay
that had not suffered disturbance by construction equipment, and were
sealed and boxed in the field for transportation to the laboratory.

The tube samples were obtained with the Swedish foil sampler [7], the
Norwegian piston sampler [§], the Swedish piston sampler [9, 10], and
the Osterberg hydraulic sampler [77]. The Swedish foil sampler takes
very long samples. After passing a cutting shoe, 2.48 in. (63 mm) in di-
ameter, the sample entered retaining tubes which were 2.68 in. (68 mm)
in diameter and 8 ft (2.5 m) long. Samples were obtained from a depth
of 8 ft (2.5 m) to 75 ft (22 m) in two drives. The first drive was from 8
ft (2.5 m) to 42.5 ft (12.9 m) at which point the foils broke due to internal
resistance. The second push was from 42.7 ft (13.0 m) to 75 ft (22 m)

® The italic numbers in brackets refer to the list of references appended to this paper.
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where refusal was met in glaeial till. The samples were brought to the
laboratory in the 8 ft (2.5 m) long retaining tubes. In the laboratory the
samples were removed from the tubes, cut into 8 in. (20 em) lengths,
and sealed in wax until the time of testing. The foil sampling was con-
ducted by a drilling eontractor with an experienced crew.

The standard Norwegian Geotechnical Institute (NGI) piston sampler
has a stationary or fixed piston, which yields a sample 54 mm in diam-
eter. Each tube has a net sample length of 3 ft (0.91 m). A clearance
ratio of 1 percent was maintained on the cutting edge. The samples were
taken using a single rapid thrust with the hydraulic feed of a drill rig.
Precautions were taken to ensure that the piston remained stationary
and that the sampler was not overdriven. Ten samples were obtained at
depths ranging from 25 ft (7.5 m) to 55 ft (16.8 m). Each sample was
transported in the sampling tube to the laboratory, where it was extracted
from the tube by jacking it in the same direction that it had entered the
tube. The 4 in. (10 em) lengths of sample were then waxed and stored in
a humid room until tested. The St-1 sampler is the standard piston sampler
adopted by the Swedish Committee on Piston Sampling. This sampler
has a fixed piston. The sampler barrel is relatively heavy, with specially
shaped, detachable cutting shoes. The soil sample is retained in fiber glass
resin tubes, 50 mm in diameter and 17 ¢m long. I'our such retaining tubes
are used in each sampling drive, which is made with a single thrust of a
hydraulic feed on a drill rig. This sampler and its operation is described
in detail by Iallstenius [10]. Nine samples were obtained with the St-1
sampler at depths ranging from 28 ft (8.5 m) to 54 ft (¥6.5 m). The sam-
ples were withdrawn from the sampler barrel in the ficld, stored in plastic
tubes, and sealed with special fitting rubber caps.

The 3-in.-diameter Osterberg sampler has a fixed piston; the sampling
thrust is supplied by water pressure and has a safeguard to prevent over-
driving. I‘or these tests, the sampling tubes had an inside diameter of
4.895 in. (124 mm), a wall thickness of 0.069 in. (1.75 mm), and a clear-
ance ratio of 0.42 percent on the cutting edge. Six 24-in. (61-cm)-long
samples were taken, one from a depth of 30 to 32 ft (9.1 to 9.8 m) and
five between 41.5 ft (12.7 m) and 51.5 ft (15.7 m). The samples were
transported to the laboratory in the tubes and extracted in the same
manner as the NGI samples.

Figure 2 indicates the relative depths of the samples obtained by the
last three types of sampler. The Swedish foil sampler yielded a 65-ft-long
sample which is continuous except for a 3-in. (76-mm) gap between the two
drives at 42.5 ft (13.0 m). The other three types of samplers were used
in uncased holes kept filled to the swrface with remoulded clay. All the
known precautions were taken with these samplers, although the drilling
crew was most familiar with the NGI sampler.

In addition to the four types of sampler, a NGI field vane [12] was
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used to measure the undrained strength from a depth of 17.5 ft (5.3 m)
to 72.5 ft (22.1 m).

Test Results

The relative quality of the samples was assessed on the basis of the
measured preconsolidation pressure and the undrained shear strength.
The preconsolidation pressure was determined with a floating ring con-
solidometer using samples 20 em? in area by 2 e¢m high, trimmed from
the middle of the samples. The test procedures described by Hamilton
and Crawford [13] were followed. Because the same procedure was strictly
followed for each test, the rate effects reported by Crawford [2] and Jarrett
[4] should not have influenced one test more than another.

The undrained strength was measured on samples trimmed from both
the tube and block samples to a size 1.4 in. (35 mm) in diameter and 3
in. (76 mm) in height. Both unconsolidated, undrained, triaxial tests
using lateral pressures equivalent to calculated overburden pressures
and unconfined compression tests were made. Tests were conducted with
a gear-driven apparatus at a rate of strain of 1 percent/min. The shear
strength was taken as one half the measured compressive strength. There
was no evident difference between the results of the two types of test,
and so they have not been distinguished in the tabulations.

The results of some 50 consolidation tests and 280 undrained strength
determinations were available, from the different types of samples, for
comparison purposes. Tests which had failure strains of more than 5
percent were discarded since these were considered to indicate disturbed
material. All the test results are presented in Fig. 3. Tables 1 and 2 list
the results of consolidation tests and undrained strength tests, respec-
tively. To consider the test results in more detail, the clay profile has
been divided arbitrarily into six zones. Arbitrary boundaries were used
because no precise horizons could be identified physically in the samples.
The boundaries of zones chosen are marked by the following depths: 28
ft (8.5 m), 39.5 ft (12.0 m), 49 ft (14.9 m), 57.5 ft (17.5 m), and 67 ft
(20.4 m); the results for each zone are reported in Tables 1 and 2. The
block samples were taken from the midpoint of each zone, and the results
of tests on the block samples are considered to be the reference tests for
that zone.

Discussion

An inspection of Fig. 3 or of the tabulated results indicates that the
average test values obtained with the samplers fall far short of values
obtained with the block samples. Only 4 of 35 preconsolidation test results
equal or exceed the results from the block samples. Similarly, only 6 of
240 undrained strength determinations equal or exceed the results from
the block samples. The value obtained in a great many sampler tests
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FIG. 3—Comparison of test results obtained on various sampler types.

amounted to only half the value obtained in the block sample tests,
particularly in the sénsitive clay below a depth of 50 ft (15 m). The field
vane does not seem to provide a more reliable test method than the sam-
plers although its results are somewhat more consistent [14].

As indicated previously, the results of the block samples are considered
to be reliable because they agree well with a correlation between surface



TABLE 1—Comparison of preconsolidation pressures determined on various samples.

NGI Sampler St-1 Sampler Osterberg Sampler

Depth, {t Block Samples,
% /tons/ft? No.of Max 9%, Avg %, No.of Max 9, Avg %, No. of Max %, Avg %,
Tests tons/ft?  tons/ft? Tests tons/ft?>  tons/ft? Tests tons/ft?  tons/ft?

22

18t028. ... o 2 3.82 3.48

4. 4.54

286039.5. . 8 4.55 3.94 4 3.40 3.18 1 545 ..........
45, . 4.70

39.5t049. ... 6 5.10 3.96 3 3.60 3.11 4 3.99 3.34
52.5. ... il 4.84

49t057.5. . 4 4.00 3.78 2 3.71 2.58 1 4.10 ..........
62.5................ 5.00

T2. .00 o 5.17
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TABLE 2— Comparison of undrained strengths delermined on various samples.

Block NGI st-1 Osterberg Foil
Depth, ft No.of Max Avg No.of Max Avg  No.of Max Avg No.of Max Avg No.of Max Avg
Tests Surface, Surface, Tests Surface, Surface, Teats Surface, Surface, Tests Surface, Surface, Tests Surface, Surface,

tons/ft? tons/ft? tons/ft? tons/ft2 tons/ft? tong/ft? tons/ftz tons/ft2 tons /ft? tons/it?
2 6 1.68 1.56
18028, .. vviiiie i 9 1.24 0.66 16 0.98 0.74
3. e 4 1.60 1.53
28t039.5. ... it 29 1.64 0.82 24 1.31 0.82 13 1.06 0.81 16 0.88 0.63
% T 5 1.62 1.42
39.5t049. ... i, 24 1.68 0.88 16 1.49 0.76 32 1.18 0.88 0.78 0.59
B e 14 2.23 1.60
4060 57.5. .. i 15 1.46 0.81 11 0.96 0.76 8 0.99 0.69 10 0.63 0.47
62.5. ... 6 2.00 1.76
57.51067.... 00 ciiiiinniania.. 0.70 0.49
T2 i e 5 2.19 2.11
67 t0 70. . 0.65 0.55
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elevation and strength characteristics established for the Ottawa region
[3]. Thus, it is apparent that the process of sampling and vane testing
does disturb the soil. It has been suggested by a number of investigators
that Leda clay possesses brittle or cemented bonds (Crawford [1], Town-
send et al {15]), which are responsible for a significant portion of the
undrained strength. LaRochelle and Lefebvre,® in a companion paper
for this symposium, have indicated that small lateral strains have a
great influence on strongly bonded clays. The results of the present in-
vestigation tend to support this view, since all the samplers used had
some clearance ratio, which would allow some lateral strain. The field
vane, through the act of insertion in the undisturbed soil, also causes
lateral strain, The sampler with the largest clearance ratio in this investi-
gation was the Swedish foil sampler, and it yielded the most divergent
results.

Conclusions

This investigation involved the use of four types of fixed-piston samplers
and the field vane in overconsolidated yet very sensitive clay. The per-
formance of the samplers was compared with block samples by measuring
the preconsolidation pressure and undrained shear strength.

The results indicate that the process of sampling from a bore hole causes
serious disturbance to sensitive-clay, leading to large discrepancies in
the results of tests conducted on so-called ‘“‘undisturbed’”’ samples. In
many cases, the undrained strength measured on the tube samples are
only one half the strength measured on block samples. Other factors that
might be involved in highly sensitive clays are disturbance in transporting
the sample tube to the laboratory and disturbance in extruding the
sample from the tube.

The investigation tends to support the opinion that the lateral strain
allowed by the sampler leads to serious disturbance by destroying the
brittle bonds in the highly structured clay.

The main conclusion of the investigation is that sampling of sensitive
clays can lead to extensive disturbance and must be considered seriously
in any geotechnical investigation. At the present time, it would seem that
large, undisturbed, block samples are the only ones which can be relied
upon consistently.
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