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Preface

1c question of undistu  2d sampling is of major imporlance both in Sweden
and clsewhere where one has to deal with soft sensitive clays and loose soil
formations, since theories or analyses bascd on disturbed samples resull in
uncertain values and are thus of little use. Furthermore, greater knowledge of
the factors affecting sample disturbance lead to a better understunding of soils.
In its Proceedings No.8 (JaKoBsON, 1954), the Swedish Geotechnieal Institule
published details of a comparison belwcen a number of piston samplers. Con-

tinued research has been deemed useful and a second reporl—in which the

results are judged from other aspects than in Proc. No. 8—has been drawn up.
During the course of this recent research some of the factors involved have
reen reassessed.

The investigations deservibed were planned and conducted by Mr. Torsten
Kallstenius, TTead of the Mechanical Department of the Institute. Mr, Dag
Almstedt, Research Engineer, was in charge of the main part of the ficld and

laboratory investigations, while Mr. Nils Flodin—who also acted as editor of

the report—and Myr. Anders Hallén led certain of the ficld experiments.

The field work at Ultuna was carried out in collaboration with the Norwegian
Geotechnical Instituie, the Geotechnical Department of the Swedish State Rail-
ways and the Geotechnical Section of the Street Department, Public Works of
Stockholm. The handling of the equipment supplied by these institutions was
done by technicians from them. The Institute expresses its gratitude to these
institutions for their valuable cooperation.

The investigations have made actual the design of a standard sampler for
routine purposes. In Sweden a spccial comnmiitee, in which the Institute is
represented, is now dealing with the question of working out the specifications

nececssary for thal purpese. I rnational contacts have also becn cstablished,
Stockholm, September, 1958

Rovar SwEDrsH GEOTECHNICAL INSTITUTE






1. Synopsis

This publication deals mainly with a comparison made between six current types of
piston sampler near the town of Uppsala in a deep layer of post-glacial clay. Additional
investigations have been made in another area, Ski Edeby, where a large airfield was
planned,

The conclusions to be drawn are that sample quality is mainly influenced by the
sampler In the following ways:

a} Disturbance of soil outside the sampler caused by displacement when pushing the
sampler down to sampling depth {or when preboring to this depth).

b) Disturbance of soil cutside the sampler during punching caused by displacement
from the sumpler wall.

c) Disturbance of soil inside and outside the sampler caused by friction between soil
and sampler wall.

The disturbance as per (a) can be decreased cither by remoulding the soil above
sampling depth before pushing the sampler or by making the sampler sulficiently long
{about 20 radii) to get away from the initially disturbed zone. The necessary length of
sample is dependent on the deptl and the type of laboratory test.

The disturbance as per (b} is mainly influenced by the cdge angle and this should
thercfare be smaller than 5°. The outer wall profile may ke slightly coneave.

The disturbance as per {¢} can be reduced by inside clearance, but could also be reduced
in otler ways. In principle, it scems better to reduce the friction by lubrication, proper
sclection of wall material, or by means of foils, as the amount of inside clearance ought
to be adjusted to the type of soil awd sampling depth. Nevertheless, a moderate clearance
(0.5-1.0 % of the inner radius) can be recommended for piston sunplers.

The investigations have further shown that the scatter of test results is smaller for
high quality samplers, whiely means safer determination of soil strength. Furthermore,
disturbances of the samples have heen shown to affect different testing methods differ-
ently.

The above conclusions have heen verified by rechecking earlier tests, by tests performed
by the Swedish State Railways and finally by tests with a new research sampler (SGI IX)
which was designed to give extremely little sample disturbance in accordance with the
above conclusions.

In soils other than Swedish post-glactal clays, the influence of different factors may
differ, and this may in certain cases lead to different conclusions, The principles given
above should, however, still be valid,

Damage during shipment of samples is known to be an important factor, especiaily
in sensitive clay. Such damage was avoided in our investigation, and a study of this
influence is therefore not included here.



2. General Considerations

2 a. Need of Undisturbed Sampling

n

Much has been said and writlen about the “undisturbed” sampling of soils,

but still both opinions and routines are at great variance.

The reason for the variety of opinions as to the answer to a given question
may either be lack of knowledge of the subject or, alternatively, it may be that
the problem has no unequivocal solution and is dependent on a nnmber of local
or temporary factors. Both these possibilities appear to be valid when related
to the undisturbed sampling of soils. Since samnpling is influenced by many
factors, it will be realized that research into the matter must be comprehensive
and that it will call for a great deal of time and money and the services of
a skilled staff. This, and the fact that there is a lack of understanding of the
necessity of taking good samples, may be the reason why comparatively little
research has been performed in this field.

The basic source of knowledge in the ficld of soil mechanics is, of course,
practical experience. However, progress is leading towards stricter requirements
and new construction methods and fresh building sites appear frequently. There-
fore, it is often necessary to extrapolate from existing knowledge to a greater or
lesser degree by theoretical judgment, in most cases based on soil investigation
including soil sampling. The greater the extrapolation the greater the demands
on sample quality. The nature of the soil (especially its sensitivity), of course,
has a great influence on the sampling requirements.

As these demands vartate, the word “undisturbed” in connection with samples
is interpreted in different ways, and it would normally rather mean “sufficiently
little disturbed for the actual strength tests”. There exists an “optimum” sample
disturbance which is largely an economic consideration. As a rule, sampling costs
rise with the quality required. On the other hand, a small variation in the test
results obtained with samples of high quality enables small safety factors to be
employed. This may result in cheaper foundations.

The Author would, in prineciple, divide undisturbed sampling into three main
classes, wiz:

Rescarch class—Highest possible quality of samples—Ilittle regard to costs. (Re-
search, important buildiugs, expensive foundations.)

Routine class—A. fairly good quality of samples, with some attention to costs.
(Routine cases for specialists in soil mechanics.)

Simple class—The samples must not be seriously disturbed, but most consider-
ation is given to simplicity of operation and low sampling costs. (Sampling
by non-specialists, often in accordance with standard instruction.)

There can, of course, be no sharp division between these classes,

As regards this report, most of the investigation refers to routine class samplers
but a research class sampler is also described (The Foil Piston Sampler, SGI IX).
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2 b. Causes of Disturbance in Clay Samples

Changes in the mechanical properties of clay samples may be due to mechani-
cal, physical, chemical, or other reasons. They may be cither local or distributed
throughout the sample.

In a specimen of saturated clay, the volume of liquid may increase and the
“grain skeleton” may expand and thereby lose part of its strength. An inercase
in volume of this kind may be caused by excess pore pressure in the neighbour-
kood (e.g. caused by sampler displacement). Similar effects may probably also
be caused by changes in temperature, freczing or osmotic pressure due to differ-
ences in the chemical composition of a sample and its smroundings,

A disturbanee may also result from deformation of the grain skeleton. This
happens when clays are subjected to shearing stresses. If the shearing stresscs
are great, flaky mineral grains orientate themnselves parallel to the flow and
rearrange. When this happens, most clays lose a part of their strength—they
are thus “sensitive”.

Quite obviously, sample disturbance must be dependent on the relative density
and permeability of the soil and its degree of saturation. If a loosely packed soil
of low permeability is subjected to shear, it will, owing to increased pore pressure,
lose much of its strength. On the other hand, if the pore liquid can escape owing
to high permeability or long-term loading, the disturbed soil may show a higher
strength than the natural.

Regardless of the presence of the pore liquid, cementation between the soil
grains will be broken when the soil is subjected to shear. This will tend to reduce
the strength of ail such soils.

Chemical changes in a soil sample, with accompanying change in its mechani-
cal properties, may oceur if the sample container corrodes, ete.

2 ¢. Determination of Mechanical Disturbance in Samples

Mechanical disturbance fu a soil sample may be manifest in many different
ways (as indicated by CASAGRANDE, 1932, RUTLEDGE, 1044, Hvorsrey, 1949,
and others). Even if none of the following criteria are generally valid, a good
background will be obtained if as many as possible arc applied to actual cases.
This has been done in the investigations presented in this report.

Deformation criterion

Visible deformations often indicate great inside friction in a sampler. In piston
samplers, the piston helps to keep the strata in position. Nevertheless, soft strata
hetween rigid strata may have been squeezed out without it being possible to
detect this phenomenon (sometimes, by using a sharp pencil as a primitive cone
test, one can detect such layers).

Fig. 1 shows the appearance of samples after 20 ¢, deformation in an uncon-
fined compression test. Distortion of the layers can hardly be detected. Obser-
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Fig. 1. Soil samples after great axial deformation in compression test.

vation of the strata (even after drying) indicated that practically all the samples
in this report could be regarded as undisturbed, but their mechanical properties
were, nevertheless, very different. Thus, this criterion must be regarded as rough.

Stress-strain curve criterion

The slope of stress-strain curves obtained with undisturbed clay is straight
and steep for small strains up to a certaiu stress. Thereafter, the slope is very
flat. When disturbed, the clay shows more gentle stress-stvain curves. Thus,
when making unconfined compression tests, the strain at failure ought, for
undisturbed elay, not to exceed a certain value (3-10 per cent) and, as regards
small strains, the stress-strain relation ought to be as straight as possible. The
failure-strain criterion can be applied to individual samples but it is not possible
to give a definile value serving as an overall criterion. Organic clays may show
large strain at failure, even though little disturbed. The same may be true if
the clay has been disturbed in sitw by geological events. The straightness of
the curves for small strains is probably somewhat more signifieant.

In consoclidation tests on disturbed samples, the graphical plot of void ratio
versus stress in a semi-log-scale is said to result in gentle curves near the “pre-
consolidation™ stress. However, the pre-consolidation stress is not always easy
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to determine. Besides, such curves do not seem to differ much for the differences
in sample gnality actual in this report. Consolidation tests are time-consuming,
and are very much dependent on variations in soil strata and sample trimming.

Shear strength criterion

When jndging strength test results from specimens taken with different
samplers, it seems logical to decem samples of higher shear strength to be less
disturbed. When doing so it is presumed that the water content has not de-
creased and that no chemical action has occurred. To allow for variations, a
number of samples is generally required. However, Swedish experience indicates
that disturbance may increase the shear strength of varved clays with layers
of silt due to change in water content.

Strength scattering criterion

It is recommendable to study the scaticr, or variation, of strength test results.
The more sources of disturbance, the more the sample will differ from the ideal
undisturbed state and the greater the scatter of results. However, very hetero-
geneous soils make assessment difficult, as does also the fact that certain homo-
genization may occur if the distnrbanece has been very considerable. Thus, seme
carc must be shown also when applying this valuable criterion.

2 d. Background to Piston Sampling Investigalions

2d 1. Development of First Swedish Samplers

A piston sampler mainly intended for peat was reported by KELLGREN as
early as 1894.

When, in the first decades of this century, engineers at the Gothenburg
Harbonr studied the stability of gnays, they attempted to take undisturbed
samples of clay. SBampling was done with open samplers working inside 4" casing
pipes (PETTERSON, 1916, 1953).

The Geotechinical Commission of the Swedish State Railways 1014-22 also
used an open sampler for most of its sampling work, the eylinder sampler. The
fall-cone test was applied to the samples, and the results were thoroughly cor-
related to practical experience from slides. Later, John Olsson, who was secretary
of the Commission, designed a piston sampler for clay (Ousson, 1925). The
John Olsson sampler has since been a standard sampler used by hboth the
Swedish State Railways and other institutions. It is shown in Tig. 2 and is
referred to in this report as Sampler SJ.

Using the Sampler SF as the prototype, the Gothenburg Harbour made a
sampler similar to Olsson’s bnt with a refinemnent in that the sample was retained
in liners (PEiTERSON, 1933, 1853). This is referred to in this report as Sampler
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with different types of shutters (SGI IVy—Tig. 3 in Proc. No. 8; SGI IV jm
Fig. 6 in Proc. No. 8). It was deemed thal the slight improvement in sample
quality obtained by some of these measures did not offset the added trouble
in sampling.

The next step was to design new sampler heads utilizing, as far as possible,
the existing equipment. After tests with a thin-walled sampler, made in ac-
cordance with Hvorslev’s recommendations (HvorsLEv, 1949; referred to as
sampler T--Fig. 7 in Proc. No. 8), had shown no improvement, a composite
pneumatic sampler—the SGI VI—was desigued (Fig, 4). This gave much better
samples. It was longer than the SGI IV, had a sharper edge and punched out
the sample more rapidly. Besides, the sample was cut off automatically and
the vacuum below the sample broken by 1means of compressed air. The maximuin
punching force (1,000 kg) was, however, found to be too small for hard soils.
A similar sampler (SGI VII} with a punching foree of 7,000 kg was also tested,
but even this force was at times insufficient. It was also difficult to arrange
earth anchors providing the requisite reactionary force and yet not yiclding
too much.

Hvorslev’s findings were utilized when designing the SGI VI sampler but no
great attention had been paid to the “area ratio” conception (since the distance
from the cutting edge should also have some influence, as proved by the develop-
ment of the Steel foil sampler). Hvorslev’s conception of “inside clearance”
was accepted by the Author who provided the SGI V and SGI VI samplers
with moderate inside clearance. Using clearance was, however, contrary to the
official opinion of the Imstitute (cf. Proc. No. 1 p. 18 and Proc. No. § p. 18)
and changes had to be introduced later.

Sampler SGI VIIT (Fig. 5) was then designed. This model could be pressed
or hammered while sampling. The dimensions were largely the same as for the
SGI VI, which had proved to be the best of the types tested at Enképing {(Proc.
No. 8) and other sites. We tried to make SGI VIII equally sturdy and as well
suited to all-round couditions as the SGI IV.

2d 3. Other Piston Samplers Tested at the Institute

When Hvorslev made his well-known sawmpling tests (HvorsLEV, 1949), he
dealt mainly with open-drive samplers but, to some extent, piston samplers
were also employed. He desigued a piston sampler (Fig. 6) with very thin walls,
moderate inside clearance and similar proportions to samplers 8J and GIIL. This
type has been adopted by many institutions and a modification of it by the
Norwegian Geotechnical Tastitute. The Norwegian sampler is referred to in
this report as the NGI sampler (Fig. 7). This sampler was stated to be good
and we therefore wished to try it out on soils in Sweden.

Since 1950 many Swedish institutions and firms have intervested themselves in
soil mechanics. When they started, they were not committed by investments
alveady made in equipment, nor by staff adapted to a given routine, and some

16



of them designed samplers of their own. An example is the sampler designed by
the Geotechnical Scction of the Street Department of €*ackholm. It is referred to
i this report as sampler Gk (Fig. 8) and is a comproawise between samplers S,
GH, SGI IV and Hvorslev’s.

2d4. dim of New Tests

The Imstitute declded to check the current position by comparing samples
from the old prototypes and certain typical mod~~ samplers. It was hoped that
such tests would aid a future discussion of o standard sampler for routine
application,

Such a comparison had, of necessity, to be made under field conditions and
i natural soll as it is important to keep the natural soil texture unchanged.
Moreover, laboratory tests do nol permit the same depth reaction to displace-
ment as do field tests. As the test results were available, the investigations were
extended by special lests 1 rder to throw light upon different problems. Sinece
the tests have revealed certain important factors as regards sample quality and,
especially, as final results canmot be expeeted for some years yet, it was con-
sidered that a report on the investigations hitherto performed now was justified.

3. Tests at Ultuna 1956

3 a. Test Site and Soil Conditions

The test site is situated about 30 km north of Stockholm and ncar the town
of Uppsala. It was examined by geologists and the soll was considered to be
foairly homogencous and typical for soil conditions in Middle Sweden.

Fig. ¢ shows a plan of the bore holes, arranged in a circle, and with every
sampler tested in ab least two diametrically opposed holes. In four holes the
shear strenglh of the ground was determined by means of vane boring. The
results (Fig. 10) indicate that, as regards small depths, the shear strength was
approximately 20 ¢, grealer in holes lying in a north-south dircction (samplers
Gk and 8G1 VIII). At greater depths the soil was more homogeneous.

The space between the bore holes was at least 2 melres. Vertically, the samples
were spaced at 2.5 metres intervals to eliminate, as far as possible, reciprocal
disturbance between holes and samples. In the centre, at a deplh of 10 metres,
the pore pressure was measured to check test conditions.

JARNErors (1955) deseribes the scil profile in the following words: ... to
2 depth of 15 metres an oxidized, grey dry crust penetrated by permancnt
fissures, below this a suiphidous clay replaced at a depth of about 14 metres
by a grey and soft clay. Below a thin laver of sand at a depth of slightly over
19 metres follows the so-called ‘dotted zone™—a layer of clay about 0.z metre
thick dotted with small fragments of lime. This zone is typical of the site around

17



5.0

e A
5.0
¥ro 7s 100
10.0 50
50 IO 75
Yroizs YIr © 105
0.0 égg
.0
o) {200
o] I O
o VI ¥ir -
SJ GkOLS
o 6 Gk O
g-g 5 10 m o
NGI 0190 Sng: OFo O NGIO
175
OGkK o
SJ
O
i T
(o) Fi
© Legend
& Pore pressure
v Q1o meter

o Vane boring
Sampling with
Fo O fail sampler
and tri

Fig. 9. Arrangement of bore holes, (Figures to the right of the additional bore holes outside
of the circle indicate sampling depths.)

Uppsala and normally lies immediately above the first visible micro-layers of
glacial clay.” Fig. 11 shows some samples taken with the NGI sampler.

Fig. 12 shows the general data of the soil.

The soil contained gases to a depth of at least 10 metres and swelled slightly
when left free. The gas was dissolved in the pore water but filled also some

volds and fissures.
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The water table was near the ground surface. At a depth of 10 metres there
was slight excess pore pressure. A few months after the samples had been taken
this pressure had disappeared.

The salt content was determined by measuring the electrical resistance of
the soil and by analysis of the pore water squeezed out of soil samples, as part
of the total weight. Fig. 13 indicates that the salt content is low and that it
deereases with depth. Consequently, the danger of osmotic disturbances during
sampling onght to be small.
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3 b. The Samplings
3b 1. Sempler Data

The samplers have already been introduced in § 2. Their main data are given
in the table below.

Sampler s 5GI IV | SGI VI Gk NGI | 5GI VIII
! i

Type oo Simple Composite Simple |Composite
Arca matio', per eent ...... 34 91 bE] a0 12 bL)
Edge angle, degrees ....... 45 26.5 8.3 10.5 12 9.7
Inside radius Bj, em ...... 2.2 3.02 3.02 212 2.7 3.02
Sample length L, em ...... 64 29.4 42.8 48.8 ~80 46.4
Relative sample length,

L/R; ... ... 29.1 7.4 14.2 25.0 ~ 30 15.3
Inside clearance, per eent of

Ri toeiiiiiiiiiinn, — — — 12 1.3 -
Sample shutter ........... — — Yes | e — Yes

Hypothetical extension
of plasticized zone

Near ground surface At 10 m depth
I
— 5J
7 [ : ~test specimen
kS P SGI IY
3. , ' SGI T
% t Gk
& ' p * NG/
156/ Yl — Downwards
0 10 20 30 r/q

Length
Sample radius

Fig. 14. Relotive position of samples taken at Ultuna.

* Computed as the ratio between the wall section area and the gross area of the sampler.
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Samplers SGI and Gk are composite samplers with exchangeable cutting edge
and liners, and permit the use of simple shutters. Sampler SJ is thick-walled
and NGI thin-walled.

The area ratio should not, according to Hvorslev, exceed 10 %, and we can
see from the table that only sampler NGI approaches this value. The others
have thicker walls owing to the requirement of a sturdy construction.

From the relative punching stroke it can be said that all SGI samplers are
short and the others long.

Only samplers Gk and NGI were, when making the actual test, provided with
inside clearance. (These samplers showed a tendency to lose samples, not evident
with the others.}

The liners of sampler Gk were very smooth inside, while those of samplers
5GI were old and therefore not quite smooth on the inside. In the beginning
the tubes of the NGI sampler were smooth and oiled but, to prevent loss of
samples, the inside had to be eleaned and roughened with emery cloth.

Fig. 14 shows a comparison of the parts of the samples accepted as test speci-
mens {in relation to the external radius R.}. In the case of sampler 5J, test
specimens were taken near the lower end at depths of 7.5, 125 aud 175 metres
and near the upper end for other depths. This has apparently not influenced
the results very much (cf. Fig. 21 a).

3 b 2. Sampling Operations

Every sampler was handled carefully by persous familiar with its use. The
procedure was priucipally the same as for routine sampling. The operations
were carefully supervised and recorded. Some sampling data are given below.

Sampler 1) SGI IV | 5GI VI Gk NGIL |SGI VIII
Number of sampler heads
used for one equiment ... 1 1 1 1 2 1
Number of operators
employed .........c... 3t 2—3 23 2 2—-3 23
Piston travel upwards during
punch, mm ............ 1—23 0 0 —1 0—4 0
Punching speed, metres/min| 0.5—4 3—5 10—13 3—> 46 10—13
Number of samples taken a
day oo BT 7—9 7—8 911 6—8 7—8
Greatest depth for manual
PIESS, M wevreranaeanens 20 15 15 20 — 15
Aid for puneh ............ Lever None | Compres-! None Jaek Compres-
sed air sed air
Cutting of sample alter )
punch by .......... ..., Turning I — Shutter — Turning | Shutter
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It was possible to press down samplers 8J and Gk manually, even to 20 metres
depth. The SGI samplers could be pressed down manually to 15 metres depth
and were then carefully rammed. Sampler NGI was pressed with a special
jacking device.

During the punching operation, the piston of sampler 8J travelled upwards
to begin with and then, at the end of the stroke, down a little. The npwards
iravel was 1-2 mm at a depth of 5 metres and 25 mm at 20 metres depth. The
piston of sampler NGI had a similar tendeney, but its travel was ouly one fifth
as mnch. There was 1o observable travel in the pistons of any of the SGI
samplers. Sampler Gk had great friction between the piston rod and its guide
and consequently the piston moved slightly downwards when punching started.

The figures on sampling capacity should not be regarded as being too generally
valid as no great attention was paid to the capacity. Sampler SJ is not normally
used at greater depths than 15 metres and was thus operating beyond its normal
depth, Even if this is to a certain degree true also of the other samplers, sampler
SJ seemed to be most affected by depth.

The most time-consuming task when using the simple samplers ST and NGI
was the preparation of samples for shipment. The SGI samplers had the greatest
diameter, and their penetration resistance and the fixing of their pistons caused
the main loss of time. The quickest and mosl economical sampler was the Gk,
but even this could be improved as to sampling capacity.

In spite of the different means used to separate the samples from the under-
lying soil (rotation, tension, shutters), all samples were cut off at the edge.
Most of the surfaces of rupture were fairly flat, but in the case of sampler
SGI IV the surface of rupture was cone-shaped with the point directed down-
wards {ef. § 4a9).

For samplers SGI IV and NGI a pause of a few minutes was made before
the withdrawal to get better adhesion belween the sample and eylinder wall
because of the shortness of the former sampler and the great clearance of the
latter.

3 b 3. Preparation of Samples for Shipment

After extraction to the ground surface the test specimens were cut out with
greal care. The samples taken with sampler SJ were pressed out on the site,
transformed into loosely fitting brass cylinders and stored in airtight glass jars.

Samplers SGI and Gk lhad brass liuers protected by tight-fitting rubber caps.
As regards sampler Gk, the edge was simply turned until the sample had been
separated immediately below the lowest liner. Between the liners, the sample
was cut off with a wire saw, which meant that the liners had to the separated
a little in the axial direction. All the SGI samplers were dealt with in the same
way except that the sample in the lower end was removed with a special cleaning
lool before the edge was screwed off.
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The stainless steel tube containing the sample extracted with sampler NGI
was sealed with melted wax and rubber covers. The samples were kept in the
shade when taken. When shipped to Lhe laborators they were protecled from
shocks and vibration.

3 ¢. Laboratory Tests

3c1, General

The laboratory was situated about 50 km from the test site. The samples were
shipped with great care in the evening of the day on which they had been taken
and, as a rule, were tested the following day. In a few cases testing was per-
formed Lwo days after sampling.

The normal extraction procedure was Lo push the samples out of themr Iimers
with the aid of a simple piston. If they were firmly fixed to Lhe eylinder, a
pneumatic extruder was uscd.

When pressing out the samples a notc was made as lo whether the samples
were firmly or looscly fixed in their lincrs. By personal judgment, the radial
pressure between sample and liner was assessed as nid, small, fairly large or
great. No such assessment was possible in the case of the samples from the 5
sampler since those had heen pressed out on the site. For sampler NGI, it
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was only stated that the samples taken at depths of 5 and 7.5 metres showed
almost no side pressure and that the radial pressure tended to increase with
the sampling depth.

Fig. 15 shows the pressure data collected in respect of the SGI and Gk
samplers. The tendency for the radial pressure to increase with the depth is
obvious. A comparison between sampler Gk, which had inside clearance, and
the SGI samplers, which in this case had no clearance, indicates that the
clearance reduced the radial pressure. This veduction is greatest at shallow
depths (cf. also Figs. 45-47).

After the samples were pressed out of their liners they were first examined
visually. Certain samples showed nearly vertical fissures. This was true for all
samplers and all depths. Certain samples also contained small cavities. When
the samples were still in the ground, these eavities may have been filled with
gases and water (gas bubbles had been observed when boring). The samples
often contained shelis.

A few samples taken with samplers SGI ¥I and NGI were obviously disturbed
and were therefore rejected. The cause of this disturbance was probably excess
air pressure at the time of or after punching in the case of the SGI VI, and
too large an inside clearance at shallow depths in the case of the NGI sampler.

3e 2. Tests Performed

Determinations of water content were made on all samples. For certaiu
samples the liguid and plastic limits, and also the Swedish “fincness number”,
which is closely related to the liquid limit, were determined (CALDENIUS and
LuwpsTrOM, 1956).

Chemiecal tests were performed on a core taken with the Steel foil sampler
(JJELLMAYN, KALLSTENIUS and WAGER, 1950). The results of these tests have
already been given in § 3 a.

Shear strength was determined by means of three different methods, iz, the
fall-cone test, the unconfined compression test and the laboratory vane test.

The fall-cone test (Fig. 16) was carried out and evaluated in accordance with
the old standard Swedish procedure {(¢f. STATENS JARNVAGAR: GEOTEKNISKA
KommissionNEN, 1922, and CAarpeNIUs and LunNDsTROM, 1956). No correction
was inade for the fineness nnmber (see above). Three cone tests were made on
each sample.

The fall-cone test has recently been revaluated and modernized (HAwSBO,
1957, where also a comparison between samplers SGI I'V and SGI VIII is made).
In this publication the older interpretation was used because the new one was
not quite ready at the time of testing. The old interpretation gives the most
direct, even if not the best connection to older experience.

The nnconfined compression test was made in the Institute’s recording com-
pression test maehine (Fig. 17). The part of the sample used as the test specimen
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Fig. 16. Fall-cone tester.

was taken ont near the lower end of most samples, and pieces with visible
fissures were avoided. Since samples of different diameters were to be tested
and trimming avoided, the length-to-diameter ratio was kept comstant. Also
the increase in stress with time was kept constant (0.c2 kg/em? per minute in
the axial direction) for all sample dimensions. This was done by changing the
gearing in the machine. Stress-sirain curves were plotted for each test.

The laboratory vane apparatns is shown in Fig. 18. It consists of a vane body
with two transverse blades 15.3 % 30 mm, fastened to a shaft and fitted sith
resistance wire strain gauges for measuring the torque. The specimen is mounted
on a rotatable table, which can be raised to allow the vane to be inserted into
the specimen until the upper end of the vane has reached a depth of 20 mm.
Electrical contacts on the electric motor nsed to rotate the table actuate a
counter indicating the number of 1/6 degree increments of the rotary movement.
From the readings a stress-angular-deformation curve can be plotted. The rate
of rotation of the vane during testing was about 2 degrees a minute.
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Fig. 22, Shear strengths (Ultuna), average values.
a. Samplers 8J and SGI IV.
b. Samplers SGI VI and Gi.
e. Samplers NGI and SGI VIII.

the 100 per cent line, (Compare also the revised interpretation of the fall-cone
test—ITANSBO, 1957, p. 34 Fig. 22—which shows a constant relation between
the fall-cone test and the field vane test for the depths in question.) It is inter-
esting to note that sampler 3J, on which the fall-cone test was once calibrated,
gives an almost identical result with the field vane test, except that the results
scatter much more. Samplers NGI and SGI VIII give about 30 per cent greater
strength values than the SJ sampler.

The unconfined compression test shows the greatest differences in Fig. 23.
The long samplers give results paralfel with the field vane at all depths, but
the short samplers show a decrease with depth. This will be discussed later on.

The laboratory vane agrees well with the ficld vane at all depths. It is inter-
esting in this connection to note that the old and short sampler SGI IV is, in
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this casc, equal to the long and modern NGI, while samplers Gk and 8J give
smaller strength values. The diameter of the samples seems to have had an
effect on the results (ef. Fig. 20).

Fig. 24 gives a general statistical summary of all the results. Using a common
base, the average strength values have been plotted upwards, while the average
scatter of the individual values om the mean value at each depth has been
plotted downwards. As a rule, great strength and small scatter are combined,

It is remarkable how differently the three lahoratory methods indieate the
quality of the different samplers, and how great the differences are between
the samplers.

One can, however, deduce a tendency for larger diameter samplers to give
better results. This is directly visible for the fall-cone tests and the laboratory
vane tests, but not for the unconfined compression tests. However, in Fig. 22
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it can be seen how the strengths in the unconfined compression test decrease
with increasing depth for the short samplers, whereas this is not the case with
the long samplers. If a comparison is made only for shallow depths (5-10 metres)
one can find the same tendency towards increasing strength with inereasing
diameter as indicated by the cone test and the laboratory vane test.

The average water content of the different samples has also been indicated
in Fig. 22, No great differences were noted.

A number of samples taken with sampler NGI were shipped to the Norwegian
Geotechnical Institute and tested there. The test values obtained were in good
agreement with our results.

3 d. Tests on Influence of Sample Size

In § 3 ¢ the influence of the sample diameter on the disturbance of samples
is mentioned as being a possibility. It was decided to check if this dependence
was influenced by the specimen-diameter as such. If so, a correction must be
made when discussing the influence of sampling,

3d 1. Influence of Sumple Size in the Unconfined Compression Test

Hasis (1953) has performed tests with remoulded and reconsolidated clay.
He found that the results from the unconfined compression test were largely
independent of sample size.

As his tests did not show how undisturbed natural clay behaves, we made
supplementary tests on clay taken up with the Steel foil sampler from the test
site at Ultuna. Pieces of core from 11-15 metres depth were cut into specimens
and cavefully trimmed to prisms of various size with a square cross-section and
o height twice the side of the square. The unconfined compression tests were
performed with the same rate of stress-with-time as was used for the main
unconfined compression tests.

The resnlts are shown in Fig. 25. A minimum of strength and a maximum
of scatter is noticeable for the 25 mm side length. This could be the resull of
a texture in the clay which could be studied by breaking the clay into pieces.
However, it cannot have had considerable influence on our comparison of
samples with diameters 42-60.5 mm.

3d 2. Influence of Sumple Diameter in the Laboratory Vane Test

The angular deformation of a eylindrical specimen caused by the torque of
the vane can be computed (Capring and ODENSTAD, 1950, p. 38). Such a caleu-
lation gives the following values.

Sampler .. s SGI NGI ey Gk
Relative angular deformation .................... 1.0 0.98 0.4 0.3
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on laboratory vane test strength.

The differences are small, as can be seen, and have the opposite tendeney to
the deformation curves from the Ultuna tesls (Fig. 20). The above will there-
fore not influence our coming conclusiots.

A test series was performed to sludy whether specimen-diameter as such
would influence the shear strength obtained in the laboratory vane test. Seven
SGI IV samples were used and two specimens were taken from each sample.
One of the speeimens was trimmed down to 40 mm diameter and the other was
kept at its original diameter of 60 mm. The specimens were wrapped it metal
toil and fixed in plaster of Paris.

The strength v: es oblaimed are given in Fig. 26. The mfluence of the
diameter 1s small.
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4. Analysis of Disturbance due to Sampler Shape

As many factors may have influenced the test results, any analysis must he
made with care. To this end, a theoretical analysis and some additional tests
were made in order to study the influence of sampler shape. These investigations
songht merely to give a qualitative idea of what happens during sampling, as
such knowledge will be helpful when treating test results and performning more
detailed tests.

4 a. Disturbance below Sampler Pushed down into Soil

dal. Metallurgical Analogy

Although metal in many respects differs much from soil, a certain similarity
between these materials may be expected in the plastic state.

When metal is punched, the material deforms plastically. A plasticized zone
can be observed if the test specimen is cut and the cut surfaces are polished and
etched. Fig. 27 a-b shows photographs taken from NApar (1931, p. 253). Fig. 27 a
demonstrates how the plastically disturbed zone near the punch forms an cven
bulb for small displacements, and Fig. 27 b shows how, for larger displacements
additional zones of more local shear extend the bulb.

Fig. 27 ¢ is taken from Swedish experiments. Here the surface hardness has
been measured. Increase in hardness gives an indication of plastic deformations,
and one can also observe such disturbance outside the zone of directly visible
flow. It must be remembered that this zone lies comparatively near the surface
where punching was started and will probably have a different shape deeper in
the material.

¥

dal Use of the Theory of Plasticity
In a soil, when theoretically treated as a material having a modulus of elasticity
. K . .
E and a shear strength-sm + 1;, expressions for stresses and strains caused by
2

an expanding cavity can be derived (NADA1, 1931; HILL, 1950; MENARD, 1956).
(Here 7; is the undisturbed shear strength, S, the seusivity, and K a factor
depending on the degree of disturbance.)

The equations (1-8) below are based on some expressions derived at the
Tnstitute (ODPENSTAD, 1950).

It may be considered that a cylindrical or spherical cavity expands radially
by a distance indicated by R. The body tends to resist expansion and additional
radial stresses then arise, as do also tangential stresses. After a small expansion
the counter-pressure reaches a certain value o,,,.

Around the cavity a plasticized zone is formed iu which the shear strength

is equal to = 7;. Assuming the material to be incompressible, a radius ¢ can

K
S,
be calculated where the deformation is just sufficiently small to permit the
material to behave elastically.
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c.

Fig. 27. Disturbance in metal below a punch.

a. Small displacement (Nddai).
b. Greater displacement (Nddaz).
¢. Extension of disturbed zone (Thelning).

We obtain the following equations:

Gmax I{ E
= Rasniad B N N

5 A(SglnB'Tj | 1)

o __\/_E

R_\ Foa, e
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TJ— TI St R

G0 oK
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-

s, and o, are radial and tangeutial stresses at radius
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For the cylindrical case A=1 B=2(1+4,); C=2D=2;
spherieal TA=4/3; B=3 C =3 D=4

R

For a rod, penetrating into a soil, the exlindrieal case would roughly cor-
respond to conditions along the rod at great depth and the spherical case roughly
to the conditions below the point,

As pore water amd soil may flow away radially or upwards along Lhe rod
during penetralion, one would cerlainly obtain an upper limit for o from the
formulas, but the sceondary zones of shear failure go bevond the bull (cf.
Fig. 27 b). The formulas can only give the right magnitude of the plasticized
zone if they are calibrated in accordance wilh practical ohservations,

4a 3, ol Data Jor Computing Plasticized Zone

To be able to apply Egs. (1-4), the ratio between the modulus of clasticity
and the shear strength, E/7,;, and the ratio between the maximal radial stress
and the shear strength, ,,,,/7;, or rather their apparent values, must be known.

A reasonable value of the Iatter can be deduced from tests. If a closed pipe
fitted with a porous point is pushed down into saturaled clay, and the excess
pore pressure then produced is measured, it cught to lie only slightly lelow
Omar- ¥ig. 28 shows the results from such a test made at a denth of 5 metres
in a post-glacial clay with 7; = 025 kg/em?. The measurcment indicates a
Opar/ T values of the order of 10.
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In another case we got 1.1 kg/cm? exeess pore pressure at 3 m depth in a ciay
with 7; about 0.2s kg/em?, which means a a,,,,/r~value of at least 4-5.

Tig. 28 is a typical emrve for most installations of pore pressure melers in
Swedish clays, and the above experiences may be said to show that a,,./7, is
4 to 6 al 3 metres depth and inereases for 5 metres depth to 8 to 10 and further
at greater depth.

The increase with depth is logical as the boundary condition given by the
free soil surface must have an inflnence, As a result of leakage along the pipe,
of influence of fissurcs or by upwards displacement, the soil must resist o certain
radial displacement less at shallow depths than at large depths.

MENARD (1956, p. 20 and Fig. 5) has studied o,,,/t; in bored holes and at
0-S ft depths, For saturated clays and for conditions most corresponding to
the cylindrical case, he found values of the order 1 to 4. For the spherieal case,
the values ought to be about 30 per cent higher. This scems to correspond
reasonably well with the gencral picture given above.

Although the stress conditions are much different, it may be of interest to
compare the above with the bearing capacity (N,) of embedded plates. The
factor N, (cf. MEYERHOF, 1951), the ratio between the maximum normal stress
on a plate and the shear strength of the soil, ought to be of the same size as
Omar/T;- kb 1s found that this value has the order 5 to 12 depending on depth.
Fig. 29 shows how the N -value depends on speed. (The values in the figure were
obtained with an apparatus called Iskymeter [earlicr called Imsitu Apparatus,
sec HvORSLEV, 1949, p. 43 and 44| which measures the resistance against a
resistor body pulled out of the soil by means of a wire rope.) One can observe
how the minimum values lie at pulling speeds 0.01 to 1.0 m/min. This may be
compared with the driving speeds used at sampling.
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Fig. 30. Ratio of apparent modulus of elasticity versus shear strength
(v; for unconfined compression Lest on samples from SGI IV),

When the values of ¢,,,/1; are known, we can, by means of Eq. (1), compute
the corresponding E/7;. The effect of disturbance within the plasticized zone,
which is indieated by the average value K/S, in the equation, can be assumed
to be slightly below unit. Estimating K/S, == 0.9 we obtain:

O 5 6 7 8 9 10 12
Computed E/'{f .................... 23 G9 135 240 312 339 710

Some experimental evidence for E/v; is also available. Fig. 30 shows values
E/7; for unconfined compression tests on samples taken with sampler SGI IV
n different soils (cf. also SkEmPrON and HENKEL, 1957). The vane test gives
similar values. We find that values of E/1; between 50 and 150 are common
for conditions where shear is the main resisting factor. On the other hand, the
dynammic modulus of elasticity would give E/v; the order of magnitude of
10,000 to 50,000 (cf. DeN1soN and RErTov, 1957), whilst the compressibility
of water divided by its “shear strength™ would give infinitely large values. At
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large depths, where soil density is increased and surface influence decreases,
the apparent £/7; ought to be higher than 50 to 150. Values of 350 to 700 or
still more are not improbable for depths below 10 m in our case where the
volume of the sampler is added to that of the soil.

4 a 4. Reduction of Strength in Plasticized Zone

The reduction of strength in the plasticized zone has no great influence on
stress distribution, It is, however, of interest for the judgment of sampler
disturbance. Conditions are complicated, and therefore one has to simplify.

As before, we assume at first the plasticized material to be incompressible.
Further, we disregard the conditions very close to the sampler as we are most
interested in the peripherical parts of the plasticized zone.

When the small spherical cavity expands radially by the distance R, the

displaced volume is == gnR*‘. At a radius r, this volume gives a radial dis-

placement ,, which for large values /R is approximately:

R3

Uy = 3y

An element of soil situated at radius » moves through a distance %, in a radial
direction and is subjected Lo the tangential strain:

Uy
T+

—

If w, 1s small in relation to #, this expression can be replaced by

. K .
Let us assume the disturbance to he (1 —Eg and nearly proportional to the
¢
shear strain. This is assumed to be proportional to «¢,. Wec can then write
Sn
(B m g (B s -
St T

which is practically valid for the outer parts of the plasticized zone. This
expression meaus that disturbance should decrease rapidly with increasing
radius. MUravama and IaTa (1957) have giveu a relation between the angle
of shear and disturbance. The Author is of the opinion that the strain gives
a better parameter in our case where the straiu is so large,
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TFor a rough evaluation of Ey. (3) we try:

O B PR . oo

IMig. 31 shows the result of a caleudation. Due to pore water flow in a radial
direction we may, however, expeet higher shear strength near the sampler and
greater disturbance at some distance from it than indicated by the calculation.

As the disturbance must be very small at the periphery of the plasticized
zone, there will be difficulties in findi.g its veal size by means of strength tests,
sinee these cannot be sufficiently accurate. On the other hand, only about haif
the radius of the plasticized zone will be of importance in practical sampling.

4a 5. Computed Stress Distribution below Sampler

By means of Eqs. (1-5) and the empirical values obtained in § 4a 3, we can
now sketch the stress-strain conditions around a sampler before the punching
operation has started.
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Fig. 32, Computed excess stresses within plasticized zone.

The relative radius (o/R) of the plasticized zone as computed for the spherical
and eylindrical cases for our conditions is shown below.

Apparent E/zy 50 100 | 200 500 | 1o00 | 2000
o/R cylindrical case ...... 4 6 8 13 18 26
o/R spherical case ........ 2.5 8.2 4 G 7 9

It mnay be concluded from § 421 to 4a4 that there is a homogeneously
disturbed zone extending 3 to 5 radii at small depths, 6 to 8 radii at 10 metres
depth and still more at a greater depth below the sampler. This zone may
further be extended by local failure zones in accordance with Fig. 27 b and by
changes due to pore water flow radially away from the sampler.

The computed excess stress in the plasticized zone below a sampler pushed
down to a depth of 10 m is shown in Fig. 32. This figure is to be compared with
the Iocation of samples in Fig. 14,

As disturbance ought to decrease mmch with increasing distance from the
sampler (Eq. 5), it may for practical purposes suffice to consider a zone where
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Fig. 33. Type and probable extent of disturbed zones near sampler
pushed 10 m into normal Swedish clay soid.

the limiting disturbance has a certain value—say 3 per cent of the undisturbed
shear sirength. Then the actually important part of the primary plasticized zone
would cover only about half the above values of o/R.

Fig. 33 shows how the extension of the disturbed zones may be visualized at
a depth of 10 m es. The picture will differ for different soils.
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1a 6. Experiments with Field Vane on Extension of Disturbed Zone
below Sampler

The adaptabilily of the theories of elasticity and plasticity on such a compli-
cated material as soil may be questioned. We have therefore performed cxperi-
ments in order to determine the extension of disturbances. As small scale laho-
ratory tests were not considered adequate, we have tried to make the studies
under field conditions.

CapLing and OpeNsTAD (1930, Figs. 27 and 28) have shown how the vane
test shear strength varies with the distance by which a vane has been pushed out
of its protection tube. Their tests were performed in very sensitive (quick) clay
and at depths of 10 to 13 metres. There is no doubt but that the resistance to
torque decreased with decreasing distance from the tube. However, from their
tests it is not possible to determine the extension of the disturbance caused by
the protecting tube.

TFor this reason, new cxperiments were performed at Ultuna. Two vane borers
were constructed with standard vanes of 6.5 em diameter which could be pushed
down 1 and 2 metres, respectively, below the end of the protecting tube (which
had a diameter of 7 em). The leight of the vance was 11 cm. The vane shafts
were protected against friction by thin, lubricated tulres,

The investigation was carried oul in six holes in the immediate vieinity of
those used for the piston samplers. After the protection tube had been pushed
down to the desired depth, the vane was pushed down in 25 cm stages and
o measurcment made for each stage.

1e results are shown in Fig. 34. The individunal curves for the relation hetween
torque and depth below the protection tube appear to have the following charac-
teristics., From a low value close to the end of the tube the torque increases with
depth, reaching s maximum after 0.3-0.8 metres, Then Lhe torque decreases again
and reaches values pretty well in accordance with the average curve obtained
with the routine vane test for the main investigation (Fig. 10).

As the investigation was carricd out to a distance of 2 metres helow the end
of the tube, it 1s rcasonable to assume the values obtained at this distance to
he the least disturbed. A conclusion would then be thal the maximum torque
values are higher than in undisturbed soil, and that the values obtained close
to the tube are lower than in undisturbed soil. It might be suspected that the
highest torque values were influenced by the friction caused by hending of the
long vane shaft. Tests have shown, however, that this influence was not suf-
ficiently great to explain the results, and these must therefore be esplained by
the varying properties of the soil.

A possible explanation of the shape of the curves in T'ig. 34 is that at least
two different processes must be considered. One is the plastic deformation of
the soil. This is largest close to the tube and decreases rapidly with increasing
distance (¢f. Fig. 31). In a very sensitive clay this effect may dominate and
it would explain the resulis obtained by Cadling and Odenstad.
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Fig. 34. Attempt to measure the extent of disturbance
below a rod by means of field vane tests.

The other process is the flow of pore water away from zones with high pore
pressure. There is evidently a general tendency for water to flow in radial
direction, and thus the void ratio must decrease close to the tube and increase
at some distauce from it. This will produce a tendency towards increased shear
strength close to the tube and reduced strength further away.

If these two effects are combined, we ought to obtain curves similar to the
trend in Fig, 34. It might be concluded from this figure that the zone of plastical
disturbance has extended to about 8 tube-radii below the protection tube at
8 metres depth and about 15 radii at 15 metres depth.

50



Beyond this zone we have a zone where the flow of water may have influenced
the shear strength. It may be expected that measurements within this zone will
give different results if performed on laboratory samples instead of in sitw.
The flow of water may not be homogeneous but may follow weaker zones,
especially where the tangential stresses become negative.

da . Detailed Study of Samples Taken with Sampler SGI VI

In order to find out disturbances, detailed investigations were performed on
some extra samples taken at Ultuna with sampler SGI VI. The fall-cone test
and the unconfined compression test were used for these investigations. For
both types of tests the sample was cut into dises 2 em thick.

By means of the fall-cone test the discs were tested at various distances from
the centre (0, 0.5, 1.5, 2.25 and 3 cm). The 3 cm test was made with the cone
directed radially and the others axially. The samples proved to be very homo-
geneous over the cross-section. The strength was highest at the centre and
decreased about 2 per cent at radius 2.25 cm. At the periphery the strength was
slightly above average, probably caused by drying and chemical action from
the brass liners (which showed signs of corrosion). No great influence of iside
friction could be detected (ef. § 4b 3).

TFig. 35 shows the above cone tests on a sample from a depth of 11.3 metres.
A decrease in strength can be observed along a length extending about three
times the sample radius R; from the npper end. At the lower end a length of
about two times radius K; was not tested (removed from the cutting edge). The
lowest end surface had increased its strength by drying and by pressore from
the extruding piston (cf. the middle part of the sample, which had beeu shipped
in two liners). Taking the above into consideration, we find a disturbance at the
lower end covering about 5 radit.

The same effect was obtained from a sample taken from a depth of 121
metres, whilst samples from 4 to 7 metres depth showed the same range of dis-
turbance at the lower end, but less disturbance at the upper end. This is in
agreement with our theoretical discussion.

For the unconfined compression test six specimens (13 1 2 ¢m) were cnt
along the diameter of each disc and tested at a constant rate of strain. Fig. 36
shows the resnlt of unconfined compression testing on a sample taken from
the same depth {11.3 m) as that in Fig. 35. It will be seen that the disturbance
at the upper end covers a range of about 6 times the sample radius, i.e., more
than in the ease of the fall-cone test, whilst the disturbance at the bottom end
is similar to that of the fall-cone test. Here, too, the strength near the periphery
was a little higher than the average.

In this conneection the Author would like Lo vefer to HvorsLEv (1949, Iig.
140 a) who has noted that samples taken with a long thin-walled 2” piston
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Fig. 35. Detailed study of SGI Vi-sample by means of fall-cone test.

sampler in Boston blue clay showed ranges of disturbance 10 times the sample
radius in hoth the upper and the lower end.

When analyzing Figs. 85 and 86 it is found that Sampler SGI VI was too short
to permit a safc determination of a part undisturbed by end influences. This
is undeniable for the unconfined compression test.

Furthermore, the differing results obtained with different samplers (Fig. 249
have indicated that even the middle part of the sample is more or less disturbed
(seemingly caused by displacement of the soil or by friction during the punching
operation as indieated by the influence of the edge angle shown in Figs. 44 and
45). Consequently, the range of disturbance due to the initial deformation was
probably larger than that indicated by Figs. 85 and 86 as very small initial
disturbances were probably swallowed up by the larger disturbance caused by
the punching operation.

The unconfined compression test is apparently influenced by fissures and
locally disturbed shear zones {¢f. Fig. 87).
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4 a 8. Deduction of Disturbed Zone from Shear Strength Ratio
Laboratory Vane Test—Unconfined Compression T'est

In § 3¢3 (Fig. 22) it was stated that the shear strength values in the uncon-
fined compression test on clay from greater depths were smaller for short
samplers than for long cnes, It has been indicated above that the range of
disturbance is greater when analyzed Ly means of the unconfined compression
test than by means of the fall-cone test.
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Fig. 39. Effect of freczing a slice of SGI IV-sample.

TFig. 37 shows schematically how different laboratory tests are influenced by
weaknesses in the samples caused by shearing strains.

Obviously, the unconfined compression test must be more sensitive to such
disturbances than the laboratory vane test, since the latter is performed in the
least disturbed part of a sample and in a direction little influenced by shear
resulting from samnpler displacement. Therefore, in Fig. 38, the ratio of shear
strengths obtained by these two different laboratory methods has been plotted
against the sampler length for different depths.

It will be seen that the ratio is always great for short samplers, but it seems
Lo reach a constant value with increasing sampler length, A high ratio means
that the unconfined compression test has given low values (e.g. caused by shear
zones) oyr that the laboratory vane has given high values (e.g. caused by loss of
water). In both cases it is a sign of disturbance,

As the tests have been performed on specimens taken on the average in the
middle of the samples, half the distance required to reach a stable value would
indicate the probable range of disturbance. Fig, 38 indicates that the amount
and even the range of disturbance increases with sampling depth. The range
seems to be about 12 times the sampler radius () at a 10 metres depth. The
great extension of disturbance indicates that local shear failures, miainly in-
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fluencing the unconfined compression strength, must be one reason for the
observed change in the shear strength ratie.

It is interesting to obscrve how close together the strength ratios for samplers
BJ and NGI lie in spite of the great diffcrences in sample quality obtained
with them.

Attempts have been made to get an indication of possible weaker zones in
the samples by freezing thin  ces positioned on glass plates and lubricated with
thin silicon oil (Fig. 39).

42 9. Conclusions

Both theoretical estimations and *-'d tests indicate the following types of
disturbance around a samp' “usheu wown in a clay soil.

Around the sampler there 1s u zone here all the soil is more or less disturbed.
In a normal Swedish clay at 10 metres depth this zone reaches about 6-8 times
the radius of the sampler below its point. As disturbance decreases rapidly with
increasing radius, it is for practieal purposcs only important in the case of fall-

cone tests or laboratory vane tests 1 3 to 6 radii fremn the point {cf. Fig. 33).
The extension of this zone is co d by the observation stated in § 3b2
that the surface of rupture at tl er end of the sample was cone-shaped

when sampling with the short sampler SGI IV { | R, == 6) but was rather plane
when sampling with the other san ors (L/R, Zzz 11). (Here fis is the sampler
radius.)

Within and outside the primary zone, and reaching as far as 12-15 radil from
the point, there is a secondary zone where disturbance by shear is local. The
local disturbanees affeet mainly the unconfined compression test. For practical
purposes (routine tests) this zone of local disturbances may have to he considered
as reaching as far as 8-10 radii from the point.

Near the outer parts of the sccondary zone there secems to be an arca where
the shear strength has been reduced by an incrcase in water content and pore
pressure. This zone may bhe most important under field conditions.

For soils of different pertneability, sensitivity and elastic propertices, the zones
are different.! Tt may however be interesting to compare the above findings with
the observations by CaquoT and KERrIsSEL (1952) that the observed disturbance
below the point of piles driven in gravel reaches 10 to 12 radii below the point.

The extension of the disturbed zones inecreases with depth.

The theorv of plasticity gives a poor picture of the occurances but can he
used as ah approach which, however, must be calibrated.

If a hole is pre-bored for the sampler, there will be disturbance at the bottom
of the hole. It is mmpossible, in practice, to keep both cffective pressures and
pore pressures in their natural state. Besides, the hole must he large enough
to admit the sampler. Nevertheless, a hole filled with drilling mud ought, in
particular, to decrease Lhe zone of local disturbances owing to the inverted
direction of the flow of soil and water,

* For instance, in a varved soil containing very soft layers between stiffer ones, local disturbances
may occur in the soft layers still further away from the point than said heve.
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4 b. Disturbance by Punching Operation

3 1. Influence of Stresses witlhin Plasticized Zone

When punching out samples in the ground, some disturbance will occeur in the
clay even if the cylinder had practically zero thickness and no friction against
the soil. As shown in Fig. 32, the stresscs below a sampler pushed down into
a s0il decrease rapidly with the distance from the piston. If a sample is punched
out, these stresses must be equalized. The average stress will be larger inside
the cylinder than at the edge. The sample will therefore have a tendeney to
expand vertically downwards. Now, the vertical stress (o, in Fig. 32) cannot
inerease at the edge without plastic {low {i.e. as far as punching is carried out
within the plasticized zone). This means a disturbance of the sample immediately
before it enters the sampler eylinder. This, however, can be neglected i ordi-
nary soils.

The cxistance of the zone with high stresses is very obvious when sampling
with the Steel foil sampler. It is quite casy with this tool to take continuous
cores to great depths, but if sampling is started at a depth bLelow 10 metres,
the foils will hreak owing to excess pressure against the inside wall. When
sampling with piston samplers, such stresses sometimes cause the formation of
plugs which prevent the entrance of soil. The tendeney to form plugs is cspecially
marked In expansive soils.

4b 2. Influence of Friction on “Safe Length of Sample”

At any moment of the punching operation, friction hetween soil and sampling
cylinder must be overcome to allow the sample to enter the eylinder. Thercfore
a certain difference in axial pressurc ¢, must exist between the lower end of
the cylinder and the stationary piston. Ii, as before, S, is the sensitivity of the
soil, 7, the shear strength, L the punched length and K, the radius of the sample,

we obtain )
i - 2 I\f I

TR, e (6)
where K; is a factor. ! ! ‘
We now use the following symbols:
n, — Axial =oil pressure at sampling depth
0, = Axial overpressnrc at edge caused by pushing down sampler hefore
punching

6, = Soil pressurc against piston (this value cannot be lower than about — 0.7
kg/em? for a tight fitting piston and £ 0 kg/em”* for one which is not
tight)

We must also allow for the fact that the axial pressure in the sampler adjusts
itseif to == ¢,, without appreciable disturbance.
The requirement for obtaining 100 per cent sample recovery is then (¢f.

Fig. 40, Case 1)

R R e (")
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Fig. 10, Influence of friction on the veriical pressure in the axial dircetion of the sampler
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for different cases of regain factors (in principle).

If the minimum values for &, are insufficient to overcome gy, an extra axial
overpressure Mg, will be ereated through displacement of soil cutside the cdge
axially away (¢f. Fig. 40, Casce 1I). The entering soil will then be disturbed and
the sample will be too short. When 4., + Ao, reach the value g, (c¢f. § 42 2)
soil can no longer enter the sampler and a plug is formed which follows the
punching travel,

Eq. (%) may be used to calculate the length of sample which can he taken
safely with 100 per cent recovery. Allowing for an untight piston we can {rans-
form Eq. (7) into

Ti T; Tf

Zre ean be obtained approximately from Eq. (3) and 24 was given in Eq. (6).
. pp 3 q . 8 q :

f .. o . fo .. .
For clays the remaining part = can be obtained by sludying their increase in
T

shear strength with depth. For Norwegian conditions it has been said that there
1s o connection between this ratio and the plasticity index (BJeERrRUAL and
RoseEngvist, 1956, Fig. 5).

The result of a ealculation on *safe™ length of sample is shown below.

Plasticity ‘ Calculated “sale™ length of sample as ratio L/R; (Eq. 8)
index { S —1 S —3 ‘ S;=10 | si=100
5 8 18 ‘ >50 >H00
10 7 15 40
20 6 14 30




The values in the table seem to correspond reasonably well with HvoRsLEV's
statement (1949, p. 109) that the “safe” length of sample is about 20 times the
sample radius for a stiff clay and 40 for a soft clay.

For some Swedish clays the ratio of shear strength versus effective overburden
pressure seemns to be directly proportional to the liquid limit (Haxspo, 1957,
p. 19 and 20).

TFor the samplers used at Ultuna the sampling length was in all cases much
smaller than the safe length, and therefore the above considerations only lead
us to the conclusion that the SGI samplers might safely have been longer.

One must, however, bear in mind that for less sensitive soils, and for samplers
displaying great inside friction, the sampling length must be much more re-
stricted if great disturbance is to be avoided. This will be especially the case
for cohesionless soils.

4 b 3. Inside Shear through Friction

Inside friction may damage the sample even after it has entered the sampling
cylinder. The frictional forces act axially on the periphery of the sample. The
force which has to overcome friction is distributed over the cross-section. Thus
axial shear stresses arise in the sample in the sampling cylinder. Owiug to the
unavoidable deforinations of the circumferential parts of the sample (which are
evident when observing the bhent strata of a sample taken with great inside
friction) the pressure against the piston can never be evenly distributed.

As friction acts axially away from the piston, it is evident that the piston
can never prevent such deformation of the samiple if inside friction is great.
At the periphery of the piston the axial contact pressure will often reach its
lowest possible value, and consequently the contact pressure at the center will
be correspondingly higher than the average value. Especially at the beginning
of a punching operation, when side pressure is great and sample length is small,
distortion and sample disturhance will be considerable if the augle of friction
is great, Too low inside friction, on the other hand, may cause loss of samples.

Outside friction has a similar effect to that described in § 4 b2 and should
not be neglected, especially as low outside friction involves no disadvantages in
practice.

4 b4, Piston Travel

Piston travel axially downwards must cause plastic flow below the sampler
edge. If the piston moves at the beginning of a punching stroke, the disturbance
below the piston has already reached the maximum value and thus no extra
disturbance is created. At a later stage of the stroke, however, considerable
disturbance may arise in the sample.

A piston travelling axially upwards at the beginning of a punching stroke may
Ire to some advantage since it decreases axial stresses. The travel may go so
far as to mobilize the shear stresses in an opposite direction to those present in
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the zonc plasticized by sampler displacenent (ef. Bg. 4). The permitted travel
upwards s, however, not coustant and the positive effect is probably small
{ef. § 4a1). Therefore it scems best to fix the piston.

During the first half part of the punch, a piston travel of + 1 mm, or still
a little more during rouline investigations, does mot scem to affect sample
quality in practice,

b 3. Inside Clearance

Inside clearance can be harmful. The difference between axial stresses (o,)
and radial stresses (o) is already al a maximum in the plasticized zone during
the first part of the punching travel. If the radial stresses are decreased by
a clearance, an added plastic flow arises until the clearance is filled and equi-
librium is restored. This flow causes disturbance both i the part of the sample
which already has entered and in the soil just entering below the cdge. This
flow may, on the other hand, reduce disturbance caused by displacement of soil
from the cylinder wall. ¥or certain dimensions of cylinder wulls this positive
cffect seems to outweigh the above mentioned negative effect.

If inside friction 1s great, it may cause great disturbance, which can be redueed
by suitable mside clearance. There ought to be an ideal amount of clearance.

The right amount of clearance will depend on the tvpe of sampler tube, the
soil type and sampling depth. If it is too large, cxtra disturbance will follow
through excess flow of soll. From a practieal point of view, a disadvantage with
too great a clearance is the danger of losing samples.

In principle it scems better to reduce inside friction by other means than
great clearance (lagquer—lubrication—foils). On the other hand, practical cx-
pericnce has shown that clearances of 0.5-1.0 per cent of the sample radius arc
advantageous for Swedish clays. This 15 in agreement with Hvorslev's recom-
mendations (HvoORsSLEY, 1949, p. 108).

Inside clearance should net be less than half the thickness of the lower end
of the cutting edge. A minimum value is therefore 0. mm. It is our opinion
that inside clearance should not begin too near the edse.

4b G, Edge Sharpness

If we indicate the shape of the lowest part of the edge by a radius B, (Fig. 41)
and this is small compared with the radius R; of the sample, we can regard
the sampler cvlinder as folded out in a planc. The end effect of the edge can
then be regarded as the disturbance around a rod, and Eq. (2) can be applied
{the eylindrical case). From § 4a the radins of the disturbed zonc can be
obtained. Theoretically g./R, would vary depending on depth. A valuc of
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Fig. 41. Influence of sampler wall.

0o/ 4, = 20 might be accepted as a design criterion for good samplers. For practi-
cal purposes, an edge eannot be made much thinner than 0.25 mm (= 2R ). Thus,
one muskt, in practice, reckon with a disturbed zone of about 2.5 mm thickness.
This means greater average disturbance for smaller sampler diameters. When
nsing thin edges, this disturbance will not reach the eentral parts of the samples.

4 b 7. Edge Angle—Theoretical Considerations

An increase in thickness of the sampling cylinder wall will affect sample
quality if the disturbance caused by the corresponding displacement of soil
reaches beyond the edge.

As regards thin walls, IFig. 42 illustrates the plausible condition for avoiding
wall disturbances. If the increase in thickness is A, and in length A,, we get

As Rg
BT e € e e e 9

Here « is the edge angle. According to § 4b 6 5/R, ought to be about 20 in
the actual clay used and then « would be ~ 3°. This gives the criterion that,
for good samplers, wall thickness may increase with 1 mm for each 20 mm
length.

In some eases it is not necessary to be so strict. If, say 5 per cent, sample
disturbance cansed by the edge is permitted, the edge angle may be 1.5 times
greater than the above value. For depths smaller than 10 metres the angle may
also be inereased (while the opposite is valid for larger depths).

HvorsLEY (1949, p. 127), dealing with open samplers, has found that the
ratio of sample recovery was influenced by the edge angle and recommends that
this angle should not exceed 10°. This value is, according to our experience,
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Plausible conditions to avold wall disturbances

FaY:) I €

=g e <l —
1y g &2
where

s == wall thickness at distance », from edge
¢ = edge angle
e == radius of plastic zone from edge radius K,

Fig. 2. Influence of edge angle, in principle.

a hittle high., With the Steel foil sampler we have found that a decrease of edge
angle from 7° to about 2° has greatly facilitated sampling.

In the case of the edge angle, as computed by Eq. (9), there are certain
houtdary conditions. One of these is that the eylindrical stress distribution is
continvously converted to spherical stress distribntion as the wall thickness
increases. Consequeutly, wall thickness may increase more than lineary at in-
creasing distances from the edge. This means that the external profile should
be concave.

Another boundary condition exists when the edge angle is great bnt the wall
thickness does not exceed a certain value (s,,, in Fig. 43). In this case the
disturbance is less than that indicated solely by the edge angle, and this is
especially true when s,,, is small and « is large. This condition corresponds
partly with Hvorslev’s concept “area ratio™ and probably affected the results
from Ultuna considerably in the case of sampler SJ but only slightly as regards
sampler NGIL. (For complicated edges one must calculate with the g-value and
the limiting wall thickness S, which gives the greatest disturbance. Normally
the conditions close to the edge predominate.)

When using inside clearance, part of the material displaced by the edge may
escape inwards. Thus inside clearance means a reduction of edge angle influence.
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4 b 8. Edge Angle in Practice

The test resulis from Enfképing, deseribed in Proe. No. 8, have, as mentioned
before, been re-studied and a comparison has been made between unconfined
compression test strengths and cdge angles. Tig. 44 shows that there is an
obvious relationship which is most evident when we note the different versions
of sampler SGI IV. At that time samplers SGI V and VI were provided with
a moderate mside clearance. This seems Lo have been advantageous. Sampler GH
had an cdge angle of 45° and a wall thickness of 6.25 mm. This sampler has
been influenced by the wall thickness boundary condition (sce § 4 b 7) and would
fit the picture beller if onc reckoned with a smaller “apparent™ edge angle.

The conncetion between edge angle and shear strength is especially remarkable
when it is considered that all other possible disturbing influenees are included.
The dimensions of the samplers as well as the sampling techniques were different.
The edge angle is evidently a most imporlant factor.

In a manner similar to that described above, the unconfined compression
tests from Ultuna have been related to the edge angle (Fig. 43). It should be
noted that the samplers were not the same in both investigations, Sampler SJ,
which has an edge very like that of sampler GH used at Enképing, suits the
picture well if the same “apparent™ edge angle is used as fitted the Enkoping
results best,

It will be seen that the shear strength obtained from samples taken with
samplers Gk and GI, which were provided with inside clearance, have in-
creased more than the others when the sampling depth was increased from
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Fig. 44, Relative shear strength versus edge angle from tests at Enképing
(ef. table abowe).

5-10 metres to 10-15 metres. This indicates that inside clearance has had a good
effect, probably optimal at 15 metres. This seems logical when comparing
Fig. 15 and Tig. 46. The latter figure has been assembled in such a way that
samples taken with the same sampler and from the same depth, but which had
pressed differently against their cylinders, were compared on the basis of shear
strength. Fig. 46 indicates that the highest strength was obtained when the
samples had a small contact pressure against the cylinders.

If this contact pressure is great, the disturbing influence of friction must also
be great. If the pressure is nil, this may have been caused by tensile stresses
during withdrawal (the unfavourable influence most probably caused by tensile
stresses can be ohserved in Figs. 35 and 36). Loosely fitting sainples are also more
casily damaged during shipment. Such damage has been investigated by the
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Sampler type A SGIIV | SGIVI Gk NGI SGI VIO
Edge angle .............. (407> 26.6 8.5 10.5 (12* 9.7
1, 510m depth .......... 0.17 0.18 024 0.24 0.26 0.25
7, 10-15m depth ......... 0.18 0.21 0.26 0.32 0.51 0.28
Relative length L/R; ...... 29.1 T4 14.2 24.2 20.2 15.3

* Largest thickness of the edge determines the disturbance.
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Fig. 45, Shear strength versus edge angle from tests at Ultuna
(cf. table above).
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Swedish State Railways (Avre, 1955) and was found to be serious in the case
of ordinary railway transporl and sensitive clay samples. (As regards our in-
vestigation, shipment was, as already mentioned, thercfore made with great care.)

After having obtained an interim report of the above results from Tltuna, the
Swedish State Railways decided to check the deseribed influcnce of edge angle.
Sampler 5J was provided with two cxchangeable edges (IIELLMAN, 1958). One
of them had the same data as before, but the other had an edge angle of only 7°
(i.e., of the same order as sampler SGT VI). They found that the shear strength
as obtained with the cone test was about 20 per cent higher in the casc of the
samples taken with the sharper edge. If this result is cnmpared with the cone
tests from Ultuna (Fig. 23), we find that this char._. of ..g. .lone would hring
sampler SJ almost in parity with the best samplers tested here. This seems 1o
be a most convincing proof of the importance of the edge angle,

5. Conclusions from Ultuna Tests

The investigations and analyses mentioned in the aforcgoing have enabled
the following conclusions to be reached. These are considered to be directly
valid for reasonably homogenecous post-glacial Swedish clays.

1. The sampler ought to take « long sample. A length of 20 times the sample

radius is desirable (cf. § 4a) to ensure a sample free from initial disturbance
caused by pushing the sampler down (or by making a bore hole in advance).
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The necessary length of sample is associated with the mecthod of testing.
Thus, the unconfined compression test requircs, to get away from I—*:ial
disturbances, a greater length of sample than the cone test (Figs. 35 -~ 6).
The sampler ought to have a sharp edge and a small edge angle (prererably
less than 5°; Figs. 44 and 45). The angle should be increased with increasing
distance from the cdge (§ 4b 7). Hvorslev’s concept “area ratio” need not
to be regarded as a1 bsolute criterion if only the edge angle is small.
The sumpler 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 the sampler
wall during the punching operation. If the clearance and the edge angle
are moderate, the above positive effects outweigh the disturbance caused
by deformation when the sample tends to fill the clearance.

In principle, it s advantageous to usz a large diameter, as inside friction
and edge sharpness then have deercased influence. However, sampler Gk
has shown that in clay a diameter of 42 mm is usable for practical purposes.
Smaller diameters seem unadvisable

It is preferable to have a rigidly fizved piston, but small piston travel (of
the size + 1 mm or even a little more) at the beginning of a punch has no
obvious effect on samyple disturbance (Ultuna test results and § 4D 4).
Punching speed need not be especially figh for piston samplers. The differ-
cut punching speeds of the different samplers do not seem visibly to have
affected the results obtained at Enképing and Ultuna (§ 3 and Figs. 44
and 45},

Disturbance [rom sampling increases with sempling depth. Thus, a sampler
for great depths should be longer and have sharper edge than onc for
shallow sampling {ef. Fig. 22, long samplers versus short samplers).

In elay, long samplers do not require g special shutter device. Tn most cases
our samples were separated at the edge even when shutters were provided.
A shutter may, however, permit very small inside friction and is very useful
in cohesionless soil or for short samplers. An obvious disturbance is created
at the lower end of a sample when it is torn off, but this disturbance is
normally of restricted range. If sample quality must he high all the way
down to the cdge, arrangements for sample cutting or vacuum breaking may
be useful. Normally they seem to be an unnccessary complication.
Composite samplers are quicker in use and more universal than simple ounes
(§ 3).

Long-term experience has shown that waxing of the ends of the samples
provides better tightness than simple rubber covers. IFor the Ultuna tests
no marked difference in water content could be observed in the two types
of sealing (Fig. 24). As wazing in the field is time-consuming and trouble-
some 1t does not seem to be necessary if rubber eovers are used. For long-
term storage in the laboratory waxing is advisable. It can then be done
better and cheaper in the laboratory.
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11. The results described above arc in agreement with other
(less cxtensive) investigations carried out by the Swedish
Geotechnieal Instilule on many otlher sites in Central
Sweden. They can therefore be regarded as representative
for Swedish post-glacial clays. In glacial elays, in which
layers of silt and sand occur frequently, the aspects arce
a little different (as shear strength in certain layers may
even increase through disturbances and friction has in-
creased influence), but most of the ndings will certainly
hold true alse for such clay.

6. Tests wi Research Sampler SGI IX

In the tests described above no direct atten : was made to
determine sample disturbance numerically, even though in-
divect evidence can he taken from results shown in Figs. 38,
44, and 43.

Instead we designed an extreme sampler (SGI TX} where
the conclusions  awn in § 5 were utilized. Tt was hoped that
comparisons between the ordinary samplers and this research
sampler would give an idea as to the possible gain in sample
quality (and the increase in sampling costs} v cn going to the
extreme practical limit. The sampler weould also provide proof
of the validity of the conclusions drawn from the Ultuna tests.

The following considerations maiuly influenced the design of
the sampler and its handling:

1. The sampler should be made sufficiently long to permit
specimens to be taken oul of the samples free from the
nitially disturbed zone. Besides, this zone should, if possible.
be reduced by remoulding the clay with a posthole auger
down to sampling depth,

2. The disturbance from displacement of soil during the puuch-
Ing operation should be climinated as far as possible by
making the cutting cdge as thin and as sharp as machining
allows, Even the wall thickness should be kept as small as
possible.

3. The disturbance from inside friction should be reduced by
using a proper clearance in the cdges and by steel foils
fastened to the piston in a similar way as in the Steel foil
sampler.

The resulting sampler SGI IX is shown in Fig. 47. Fig. 48
shows some of the cutting edges tested. One long edge without
inside clearance, one long with inside clearance and one short
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Fig. 48. Edges tested for sampler SGI 1X.
a. Long edge, no clearance.
b. Long edge, inside clearance.
e. Short edge, inside clearance.

with inside clearance were tested. The short edge had the same sharpness and
edge angle as the long ones. Shortness had been achieved by making the outer
profile concave (ef. § 4b 7).

6 a. Preliminary Tests at Ska Edeby

At Ski Edeby, about 20 km west of Stockholin, the Institute is running a large
test to study the consolidation process nnder field conditions. A comparison be-
tween ordinary samplers and sampler SGI IX was cousidered especially desirable
here. The comparison comprised strength tests and even consolidation tests.

The investigations at Ski Edeby were performed in the same way as at
Ultuna.

In the autumn 1957 sampler SGI IX was compared with SGI VIII. SGI IX
was provided with a long edge without clearance. Sampler SGI VIII was pushed
down in & normal way while, for SGI IX, holes were prepared by remoulding
the clay by means of a @ 125 mm posthole auger. Sampling depth was 8 metres.
The results are given below,
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Test results from Ska Edeby, Autumn 1957

Shear strength, kg/cm®

Type oftel:tboratory SGT VIII | SGI IX

Individual
|

Average

Individual ! Average

0.100 J 0.095 0.102 0.135 | 0104 | 0114

Fall-Cone .......... 0.089 0.096
Unconf. Compr. ....| 0.068 | 0,126 | 0.092 | 0.095 0.133 | 0.130 0.12¢4 | 0.120
Lab, Vane ......... 0.085 0.095 (.089 | 10.08Y 0.096 0.001 0.082 | *0.n93

| 0.087 | 0116 | 0.101 | *0.101

T B e |

: Test depth 2,9 metres

The clay at Skda Edeby was soft post-glacial with some content of sulphides.
The sensitivity varied between 5 and 10. The natural water content was about
70 per ceni, which is near the liquid limit. As can be seen from the lahoratory
vane tests, the soil had decreasing strength with depth, The difference in sample
quality is, however, obvious. Thus it is round 20 per cent higher for SGI IX
for the fall-cone test, 35 per cent for the unconfined compression test and about
10 per cent for the laboratory vane test (if compared at the same depth).

If we extrapolate the edge angle curve in Figs. 44 and 45, we find that the
difference in cdge angle between the two sanplers (1° and 9.7°) has probably
caused a differcnce of about 10 per cent in the unconfined compression test results.

With the aid of Fig. 38 we can get an Limpression of the influcnee of sampler
length. The shear strength ratio (7.e., the ratio between the strengths obtained
with the laboratory vane test and the unconfined compression test, cf. § 4a)
at Ski Edeby is 0.94 for SGI VIII and 0.75 for SGI IX. This could mecan that
the unconfined compression strength (which depeuds most on sampler length)
should have increased 1.25 times for the increased length.

Thus, an analysis of the first results from Ski Edeby indicates that the
differences between samplers SGI VIIT and IX in cdge angle and sampler length
(inclusive the effect of pre-boring) may fully explain the great increasc in
strength for 3GI IX samples.

The stress-strain curves for the unconfined compression test showed the same
great difference in sample quality, whilst the laboratory vane curves showed
no clear difference.

The consolidation test gave values to some extent much in favour of saanpler
SGI IX. We found, however, different curves in two different types of consoli-
dation test (which has bheen found to be due to occasional friction in the con-
solidation cell). The results can thus not serve as a basis for final conclusions and
are not included here,

In the spring of 1958, a new test series was performed at Ski Edeby. This
time sampling depth was 4 metres and samplers SGI TV, VITI and IX were
compared. Sampler SGI VIII was now used alternatively without and with
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remoulding of the soil to sampling depth. Sampler SGI IX was provided with
edges, which had inside clearance and were alternatively long or short. For the
sake of comparison a long edge without inside clearance was also used. The test
vesults for sampler SGI IX with the different edges are shown below.

Test results from Ska Edeby, Spring 1958. Sampler SGI IX

Shear strength, kg/em®

Long edge, no Long edge and Shert edge and
Type of lahoraiory test clearance clearance clearance

Individual | AV | Tndividual | AV | Individual |AVer

age age age
Fall-Cone ............... 0.089 | 0.102 [ 0.0%5 [ 0.120 | 0. 100 | 0.110 | 0.100 | 0,108 | 0,104
Unconf, Compr. ......... 0.085 | 0.090 | 0.067 { 0.104 } 0.108 | 0.106 | 0.t08 | 0.1t07 | 0.104

Lab. ¥ane, 3.9 m. depth ..| 0,073 | 0,070 { 0.071 | 0.078 | 0.080 | 0.070 [ 0.0%75 | D.089 | (L.082
Lab. Vane, 42 m depth ..| 0.067 | 0,062 | 0.064 | 0.066 { 0.060 | 0,068 | 0,067 | 0.071 | .n60

There is no obvious difference in the results belween the two types of cdge
with inside clearance. The long edge without clearance has given decidedly
poorer sample quality. This indicates the influence of inside friction in the edge
below the foils.

The test results from samplers SGI IV and VIII (the latter with and without
remoulding)} are given bhelow.

Test vesults from Ska Edeby, Spring 19568, Samplers SGI IV and VIII

Shear strength, kg/em®

. SGI IV SGI VIII 5GI VIII

Type of laboratory test _ remoulding
Individual | A¥ 1 Individual | 2" | Tndividual | A¥OT
age age age

] !
TFall-Cone ............... 0.098 | 0.083 | 0.090 | 0.089 ! 0.096 | 0.091 | 0.104 | 0.085 ] 0.100
TUnconl. Compr. ......... 0.059 | 0.084 | 0.0686 | 0.072 | 0.088 | 0.080 ; 0.086 ! 0.078 : 0.0R2
Lab. Vane ............... 0.074 | 0.068 | 0.071 | 0.069 | Q.074 | 0.073 | 0.071 | 0.080 E 0.075

The remoulding before pushing seems to have been advantageous for SGI
VIIL

Sampler SGI IV shows results in the same relation to SGI VIII as was found
at Ultuna (Fig. 23).
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Fig. 19. Stress-strain curves, Skd Edeby 1958 (unconfined compression test).

The ficld vane was also used and gave an average strength of 0.90 kg/cm* at
a depth of 4 metres. This value lies in similar relation to the shear strengths
obtained in the laboratory tests for samples taken with samplers SGI IV and
VIII as was obtained at Ultuna (ef. Fig. 23). It is thercfore probable that
sampler SGI TX would have been better than cven the other samplers tested
at Ultuna, The stress-strain curves showed the same tendencies as the shear
strengths ([ig. 49).

The consolidation curves (void ratio—log. normal stress) indicated the same
quality scale if judged by the slope immediately above the pre-consolidation
stress, The SGI IV samples had clearly smaller slopes. The different types of
samples from SGI VIII and IX showed less differences than the scatter wn the
test. The average curve for all SGI [X-samples was a trifle steeper than that
for the SGT VIII samples, but the difference is of no practical importance.

6 b. Conclusions after Ska Edeby Tests

Tt secmis obvious that, within the range of routine samplers, sample guality
can be improved over that of present routine samplers.
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It scems possible that test values obtained in sc  of moderate sensitivity
with a eertain sampler of good quality can be corrected by means of applied
cocfficients, although these are different for each type of laboratory test. In
# well-known soil, it scems reasonable to use a sampler similar in quality to
the better types tested at Ultuna. It is however recommended to improve them
as suggested in § 5,

For a sampler like the SGI IV in Ski Edeby clay, the cocfficients to he applied
would, for 10 metres depth, be about 1.6 for the unconfined compression test,
1.35 for the fall-cone test and about 1.z for the laboratory vanc test (¢f. Fig, 23
and § 6a). Coefficients above = 1.2s are inconveniently high. By lengthening
of the sampler and providing it with sharper edge one ought to come ncar
cocfficients of the order of 1.1-1.2.

In less known soils and for research purposes, a use of coefficicnts for 1e
correction of test values will be risky and the best possible sample quality is
highly desirable.

The proper choice of a research class sampler also seems to permit some regard
to practical considerations as disturbance may arise also during shipment and
testing. As sampling costs increase rapidly when demands on sample quality go
over a certain limit, a small sample disturbance would appear permissible even
for qualificd purposes,

Such extremely small edge angles as used for sampler SGI IX make, of course,
the edges both expensive and fragile. An edge with an angle lying between 2
and 3 degrees ought to be sufficient. On the other hand, an edge angle of 5
degrees gives ample strength for routine purposes and should therefore not be
cxceeded.

Remoulding or pre-boring may help to give better sample quality but is rather
expensive for use i most Swedish clays. It is for our conditions hetter and
cheaper to get away from 2 initially disturbed zone by using ample sample
Iength. In cohesionless soils preboring may he advantageous.

The investigations with sampler S8GI IX are not complete. Resulis from great
depths, more consolidation tests and a detailed study of the influences of inside
friction and clearance are still lacking. Thesc tests will take a long time. There-
fore, a preliminary evaluation has been considered justified.

The tests with sampler 8GI IX have indicated that the shear strength of
soils can be much higher than the shear strength values obtained with to-day’s
routine methods for sampling and testing. As current methods to calculate, €.g.
stability, are based on these lower shear strength values, one will, when using
Letter samplers, have et 2r to recheck the calculation methods or to introduce
greater factors of safety. The great advantage of improved sampling will how-
ever lie in the smaller scatter of test results. This reduction in scatter means
that stability can be deterinined with greater accuracy than before,
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