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PREFACE

In this project the differences in test resultsrfreamples taken by the SGI large-
diameter sampler (“Block sampler”) and the Swedtsimdard piston sampler have been
studied. A test site in the Goéta River valley wbtith normally sensitive clay and quick
clay has been used. Investigations were carrieevithin the Géta River Commission
and by MiljoGeo AB in conjunction with sampling amother project. The laboratory
investigations were carried out at the SGI labayatdhe report has been reviewed by
Rolf Larsson, Helen Ahnberg and Martin Holmén, SGI.

Link6ping 2012-10-15

The Author
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1 SUMMARY

To obtain good quality samples even in easily distd clay, a new large-diameter
sampler, "Block sampler”, has been designed at(&&kson, 2011). The sampler is a
hybrid between the Laval sampler and a modified R@B mm sampler.

The aim of this project is to study the differengetest results from samples taken by
this SGI “Block sampler” and the Swedish standastbp sampler, particularly in high-
ly sensitive clay and quick clay, but also in nolignaensitive clay.

A test site in the Gota River valley that coverghbmormally sensitive clay and quick
clay has been used. At the test site one block leafop0,5-1 m) was taken of normally
sensitive clay and one block sample of the quiely.cWith the standard piston sampler
samples of normally sensitive clay and quick clayevaken at the same levels as with
the block sampler. On the samples were carriedautine analyses, CRS oedometer
tests, direct simple shear tests and active arslygasiaxial tests.

The results from the CRS oedometer tests and thetdiimple shear tests indicate that
specimens of higher quality can be obtained froem’Biock sampler” than from the
standard piston sampler, particularly in highlysgwe and quick clays.

The main difference valid for all clays is the fetéfss of the samples at small strains and
any investigation of this property in the laborgtehould use “block” samples.

The differences in evaluated undrained shear dtienghis investigation were so mod-
erate, if any, that they hardly motivate block sangpfor this purpose in general.

From the results of the triaxial tests it is difficto draw any conclusions about sample
quality.

During the work within this study it became evid#émt the sensitivity of the stored
quick clay samples decreased faster than antidpbiew fast this process is and if it
differs between different types of clay needs tanvestigated.

2 INTRODUCTION

2.1 Background

Undisturbed sampling for examination and testingpeEfcimens in the laboratory is in
Sweden routinely done with the standard piston $angil or Stll, which are consid-
ered equivalent. In soil that is very sensitiveisturbance, such as quick clay, these
samplers provide in some cases, samples of ingrifiquality and in extreme cases, it
is not possible to get any samples at all. Varigpss of so-called block samplers for
collecting samples of high quality are availabég the Laval sampler and the Sher-
brooke sampler) and the former has been testedaule of sites in Sweden. A com-
parison in Norway between samples from the Shekereampler, the Norwegian 54
mm sampler and a Japanese sampler, shows differentiee test data that can be very
large, especially in sensitive low-plastic clay fine et. al. 1999, Tanaka, 2008). Sam-
pling with block samplers is expensive, laboriond aequires considerable resources,
why it should be limited to soils sensitive to drtance or when very high quality sam-
ples or almost equal samples are needed.

Samples of high quality are required in laboratndies on strength- and deformation
characteristics and on factors that influence diggran of soil. Today's knowledge is
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mainly based on samples taken with the Swedisllatdrpiston sampler, why possible
differences in test results must be clarified tigtpa comparative study of the properties
obtained from the samples taken with the stand&stdripsampler and some type of
block sampler.

In a collaboration between SGI and the Universiyal in the early 80’s the Laval
sampler was tested. This sampler turned out toigeasamples of good quality even in
easily disturbed quick clay where no samples cbelgicked up with the standard pis-
ton sampler. In normally sensitive clay, the resolt samples from the standard piston
sampler and the Laval sampler were almost equivélemsson, 1981).

To obtain good quality samples even in easily distd clay, a new large-diameter
sampler, “Block sampler”, has been designed at(&&kson, 2011). The sampler is a
hybrid between the Laval sampler and a modified R mm sampler. The sampler
was used and further developed in conjunction gatmpling in another project regard-
ing disturbance effects from cyclic loading (Ahnipe2009).

2.2 Purpose and scope of the study

The aim of the project is to study the differenicetest results from samples taken by
the SGI “Block sampler” and the standard pistongam particularly in highly sensi-
tive clay and quick clay, but also in normally s&ws clay.

A test site in the Goéta River valley that coverghbmormally sensitive clay and quick
clay has been used. Investigations were carrieevithin the Géta River Commission
and in conjunction with sampling in the above maemeid project (Ahnberg, 2009).

At the test site one block sample (of 0,5-1 m) te&en of normally sensitive clay and
one block sample of the quick clay. With the stadgaston sampler samples of nor-
mally sensitive clay and quick clay were takerhatsame levels as with the block sam-
pler. On the samples were carried out routine @ealyCRS oedometer tests, direct
simple shear tests and active and passive tritestd.

3 TEST SITE TORPA

The Torpa test site is situated on the east sideeoGo6ta Alv River, north of Slumpéan
river about 10 km south of the municipality of Thalttan and 60 km north of Gothen-
burg. The area is used for agriculture. The saikegis of about 2 m dry crust and there
under clay to more than 40 m depth. At this siteyjus investigations have been car-
ried out within the Géta River Commission. The shngpboreholes in the current
study are located close to borehole U07044 aloagoseE22/570 of Subarea 7 (DO7)
between Trollhdttan and Lilla Edet in the Gota RiZemmission investigation. This
location was chosen because laboratory results fhenprevious investigation showed
quick clay and normally sensitive clay in the sameshole. In borehole U07044 a layer
of quick clay was found at about 3 to 4 m depthrefunder highly sensitive clay to
about 6 m depth and under this normally sensitiag © about 30 m depth. The sensi-
tivities (S) of the quick clay varied between 65 and 85 aedémoulded undrained
shear strengtkr was 0,25 kPa. The normally sensitive clay hadigeties between 15
and 29.
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4 SAMPLING

4.1 Sampling program

4.1.1 Torpa

Sampling has been carried out at two depths innodedJ07044, at 3.5 m depth in the
highly sensitive clay and at 8 m depth in the ndlyreensitive clay. With the block
sampler one sample has been taken at 3.5 m degpthn@sample at 8 m depth. With
the standard piston sampler 7 boreholes with omgplag at 3.5 m depth and one sam-
pling at 8 m depth were carried out close to thebole for the block samples.

4.2 Standard piston sampler Stli

The standard piston sampler and its operationgsrdeed in the method description
(SGF, 2009). The standard piston sampler Stll aiah m long. It has an inner diame-
ter of 50 mm and a close-fitting sliding piston,ighis slightly coned at its lower face.
The detachable cutting edge has a cutting angi@ except for the very edge where it is
blunted to 45° over maximum 0.3 mm. Inside the dangre placed five plastic tubes

of which three are sample tubes with a length & him. The piston is locked in the
cutting edge while the sampler is pushed downecstmpling level and then hold sta-
tionary at the further driving of the sampler dgrthe sampling operation.

4.3 SGI large-diameter sampler (“Block sampler”)

The SGI block sampler and its operation is desdribeéhe method description (Lars-
son, 2011). The sampling tube is about 1 m long @it inner diameter of 200 mm. It is
manufactured from a prefabricated seamless “stshk&eel tube with smooth inner
surface. The outside of the tube is threaded &t &atls. The cutting edge is manufac-
tured from the same prefabricated tube and hasame inner diameter. It has a cutting
angle of 5° except for the very edge where itismtad to 45° over maximum 0.3 mm.
At the inside of the edge there is a 3 mm wide dewp groove with a cutting cord
pressed into it. One end of the cord is fixed dreddther is led through a plastic tube for
compressed air to the ground surface. The topipartound steel plate which can be
screwed onto the upper end of the sampling tubéhé\tentre of the plate, there is a
circular hole through which bentonite slurry anét aamps of soil can flow out when
the sampler is pushed down.

At operation the sampler is lowered in a predrilede stabilized with bentonite slurry
until the edge reaches the carefully prepared botlide sampler is then pushed further
the total length of the tube and the edge minu2@@m. The hole in the top plate is
then sealed and after a suitable rest period tmglgas cut off with the cord. At the
same time a pneumatic pressure is introduced itutbeeand slot created by the cord,
which prevents suction below the sample and helfift the sample when the sampler
IS retracted.
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5 LABORATORY TESTS

5.1 Test program
At Torpa test site the following laboratory tesésvé been carried out:

= Index tests; density], water content (w), liquid limit (w.), plasticity limit (W),
undrained and remoulded shear strength by fall testefy, tr), sensitivity (9,
and organic content by the colorimeter method.

= CRS oedometer tests to determine the compressipefires as preconsolidation
pressured ), oedometer/constrained modulus at stresses hlibmwreconsolida-
tion pressure (), oedometer/constrained modulus at stresseshoseahe pre-
consolidation pressure (Wand modulus number (M’).

= direct simple shear test for determination of umdrd shear strength

= active and passive triaxial test for determining skress-strain relationships, active
and passive undrained shear strength and precdasofi pressure.

At each of the test sites, three tests of eachltgpe been carried out on specimens
from block samples and three tests of each typgpenimens from standard piston
samples.

5.2 Handling of block samples

The handling of the block samples in the laborateescribed in detail in the method
description of the block sampler (Larsson, 2011).

As the same laboratory equipment is used for thekodbamples as for the standard pis-
ton samples, the samples have to be divided amdied to 50 mm diameter. A special-
ly designed rig is used where the block samplesearut both vertically and horizon-
tally. The samples are cut in a pattern as shoviigare 5-1.

Figure 5-1: Cutting pattern for optimal removal ggecimens with 50 mm diameter
(Larsson, 2011).

After the block samples have been cut accordirfgdare 5-1, the subsamples for triax-

ial tests are trimmed to the right dimension withiee cutter by placing the sample on a
soil lathe. When the specimen has been trimmekdeoight diameter, the specimen is
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placed in a cradle, adapted to the actual dianagt@iength of the specimen. The ends
of the specimen are cut with the wire cutter toentne right length and parallel and
plane ends. A special trimming device is used pacgnens for oedometer and direct
simple shear tests.

5.3 Laboratory tests

CRS oedometer tests were carried out accordinget&wvedish Standard SS
027126:1991. The CRS oedometer test and evaluatiparameters are also described
in Larsson (2008). The parameters obtained arprémnsolidation pressueg., the
effective stress where the modulus starts to isere@gaing’ , the oedometer modulus
M_ and the modulus number M’. Also the modulus betbespreconsolidation pres-
sure, M, have been evaluated. The permeability, k, anghéinemetefy are also ob-
tained.

Direct simple shear tests were carried out accgrttirthe guidelines for direct simple
shear tests (SGF, 2004). The parameter obtairted isndrained shear strength.

Anisotropic consolidated undrained active and passiaxial tests (CAUC-active and
CAUC-passive) were in principle carried out accogdio the Technical Specification
SIS-CEN ISO/TS 17892-9, with paraffin oil insteddvater as pressure medium. The
parameters obtained are apart from the stressrsetationship, the active and passive
undrained shear strengths and the vertical anddmtal preconsolidation pressures.
Also Youngs modulus may be evaluated, but the tregien have to be done more fre-
quently for the results to be sufficiently accurate

6 LABORATORY TEST RESULTS FROM TORPA TEST SITE

6.1 Index test results

The index tests of the clay at 3.5 m depth showitleas a water content (of about
70%, a liquid limit (w) of about 60% and a plastic limit ghof about 27%. The density
is about 1.58 t/thand the organic content is about 1.2%. It canclea shat, at 3.5 m
depth, both in specimens from the standard pistompser and the block sampler, the
sensitivity of the clay ($is between 37 and 47 and the remoulded undrahear
strength {r) between 0.42 and 0.56 kPa. For the clay to ssiflad as quick the sensi-
tivity should be higher than 50 and the remouldedrained shear strength should be
lower than 0.4. Thus, the clay at 3.5 m depth isctassified as quick, although it is
classified as a highly sensitive clay.

The index tests of the clay at 8 m depth showithets a water content Qv of about
76%, a liquid limit (w) of about 74% and a plastic limit ghof about 29%. The density
is about 1.55 t/rhand the organic content is about 1.0 %. The seitgiof the clay (9

is between 16 and 26, and the clay is then clasls#s medium sensitive. The remould-
ed undrained shear strength)(is between 1.84 and 1.50 kPa.

6.2 Results from CRS oedometer tests

6.2.1  Volume change at reconsolidation

The volume change during reconsolidation up tgptieeonsolidation pressure has been
measured for all specimens used in the CRS oedotasts. It can be seen that all
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specimens except one fall in the category for geardples. It can also be noted that the
volume change of the specimens from the block samplgeneral is smaller than the
volume change of the specimens from the standatdrpsampler, see Figure 6-1. This
is an indication of better quality of the block gaes.

10,0

Very poor

Poor

50 |

X Good to fair

Volume change at reconsolidation, %

Very good to excellent

0,0

0,0 50,0 100,0 150,0
Natural water content, %

= Good samples ===Tolerable samples Bad samples + Piston 3,5m CRS X Piston 8m CRS ® Block 3,5m CRS A Block 8 m CRS

Figure 6-1: Volume change at reconsolidation of $pecimens for CRS oedometer
tests (from Lunne et. al., 1999).

6.2.2  Preconsolidation pressure and constrained mod ulus

Figure 6-2 shows axial strain versus effectiveigalistress from the CRS oedometer
tests on block samples as well as from standatdrpgamples at 3.5 m depth and 8 m
depth. The curves have been adjusted to takelidgfarmation due to seating problems
into consideration. Figure 6-3 shows curves ofdtestrained modulus versus effective
vertical stress, from which the modulus for stredselow the preconsolidation pressure
(Mg) and the modulus for stresses just above the psetidation pressure (N can be
estimated.

A comparison of results of estimated preconsolaafiressure on the highly sensitive
clay at 3.5 m depth (Figure 6-2), show both higtrecconsolidation pressures and more
uniform stress - strain curves from the block saspHowever, it should be noted that
the empirical estimation of preconsolidation presstom CRS oedometer tests is
based on specimens from the standard piston sariplerefore, it is not quite accurate
to call the estimated “preconsolidation pressureirf block samples by this method for
preconsolidation pressure. Furthermore, it was poBsible to estimate the preconsoli-
dation pressure from two of the three CRS-testsp@timens from piston samples at
3.5 m depth. However, this was probably due torath@sons than sample quality.

Also on the normally sensitive clay at 8 m depttomparison of the results show that
also on this normally sensitive clay higher “presolidation pressures” and more uni-
form stress-strain curves were obtained from thekbsamples.

The “preconsolidation pressure” estimated from@RS oedometer tests on block and
piston samples at 3.5 m and 8 m respectively arensin Table 6-1.
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A comparison of the preconsolidation pressuresnegéid from CRS oedometer tests
with preconsolidation pressures estimated from dogbirelations from the undrained
shear strength by fall cone tests and field vasis teave been done. At 3.5 m depth the
preconsolidation pressures from CRS tests on psdomples are slightly lower than the
empirical values and the “preconsolidation pressuirem the block samples are
somewhere in the middle. The scatter of the enadixialues is quite large. At 8 m

depth the preconsolidation pressures from botlbkiek and the piston samples are in
the upper range of the empirical values.

Axial strain (%)

Figure 6-2:
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50 100 150

200
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Table 6-1: "Preconsolidation pressure” and constmad modulus estimated
from CRS oedometer tests on piston samples ankl sémaples.

Depth (m) Sample type ¢'c(kPa) Mg (kPa) M, (kPa)
3.5 piston 72 4100 690
3.5 “ 60 2000 520
3.5 - - -
3.5 block 95 4400 500
3.5 “ 93 5100 760
3.5 94 5350 645

8 piston 123 5000 375
8 114 3000 300
8 “ - - -

8 block 127 6600 340
8 144 7200 165
8 “ 133 5900 135

Comparing the constrained modulusp{Nbr stresses below the preconsolidation pres-
sure, the modulus estimated from tests on blockptesrare higher than the modulus
from the tests on piston samples, both in the ligkhsitive clay at 3.5 and the normal-
ly sensitive clay 8 m depth, see Figure 6-3. At 8epth the modulus pfrom CRS
oedometer tests on block samples are also higharNb estimated from the empirical
relation (My = 250¢). At 3.5 m depth Mfrom two of the three CRS oedometer tests on
block samples are higher than Mom the empirical relation. The modulug Estimat-
ed from tests on piston samples show a largerti@midoth at 3.5 and at 8 m depth.
The test with the highest modulus are within tierwval of the empirical relation
whereas the test with the lowest modulus are béh@vwempirical values at both 3.5 and
8 m depth.

The estimated constrained modulus for stresseseahevpreconsolidation pressure,
M, from tests on the block samples are equal ohtijidower than the modulus M

from piston samples. The lowest value of the cams#d modulus above the preconsol-
idation pressure, i.e. Mis obtained at a higher stress level for the lokamples than

for the piston samples, which is in agreement Withhigher preconsolidation pressures
of the block samples. However, the same restristionthe relevance of the evaluation
of this stress level also applies.
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Figure 6-3: Constrained modulus from CRS oedometer tests at 3.5 m and 8 m at
Torpa.

6.3 Results from direct simple shear tests

The undrained shear strength estimated from the direct simple shear tests at 3.5 m and 8
m depth are shown in Table 6-2, below.

Table 6-2:  Undrained shear strength from direct simple shear tests

Depth (m) Undrained shear strength Undrained shear strength
Piston samples (kPa) Block samples (kPa)
3,5 15 12 15 13 14 15
8 24 22 22 22 24 23
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Figure 6-4 shows diagrams of the shear stress yarggular deformation for 3.5 m and
8 m depth. There is no great difference in evabliatedrained shear strength between
the standard piston samples and the block santptegever, the deformation at failure
for the piston samples is generally larger thandégfermation at failure for the block
samples, which indicates higher quality of the klsamples.

The undrained shear strength determined by thesetdimple shear tests are in the
same range as the undrained shear strength de¢elloynCPT, field vane, fall cone and

direct simple shear tests at the same locatiofmecanut within the Gota Alv Commis-
sion.

Torpa 3,5 m - Direct simple shear test
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Figure 6-4: Results from direct simple shear teslt®ar stress versus angular defor-
mation, at 3.5 m and 8 m depth at Torpa.
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6.4 Results from triaxial tests

6.4.1  Volume change at reconsolidation

The volume change and axial strain during recodatbn have been measured for all
specimens used in the triaxial tests. The volunamgés are plotted against axial strain
in Figure 6-5.

Strain during consolidation triax

A
25
A
A
A
A
2 & A .
2
A A ©
A
X
S A
15
3 o
<&
*
1 0
.
.
< Piston 3,5 m
0,5 @ Block 35m ]
APiston 8 m
ABlock 8m
0 T T T
0 0,2 0,4 0,6 0,8 1 12 14

ea %

Figure 6-5: Volume change and axial strain durirgonsolidation of samples for
triaxial tests.

The volume change during reconsolidation of theispens for triaxial tests have also
been plotted in the diagram for estimation of thaldy of the specimens, see Figure
6-6. It can be seen that also the specimens éatriaxial tests fall in the category for
good samples. The volume change of the specimenstfre block samples are in gen-
eral slightly lower than the volume change of thecsmens from the piston samples
indicating a slightly better quality of the blockrsples.
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X Piston 3,5 m volume change triaxial + Piston 8 m volume change triaxial = Block 3,5 m volume change triaxial
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Figure 6-6: Volume change during reconsolidatiorspécimens used in triaxial tests
(from Lunne et.al. 1999).
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6.4.2  Results from anisotropically consolidated und rained triaxial compression tests
(CAUC-tests)

Figure 6-7 and Figure 6-8 show the shear stresusexxial strain for the CAUC triaxi-

al tests on block samples and standard piston ssmapl3.5 m and 8 m depth respec-

tively. The stress paths for these tests are platté&igure 6-9 and Figure 6-10.

Torpa 3,5 m - Anisotropically consolidated undrained triaxial compression tests
(CAUC-tests)
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Figure 6-7: Shear stress versus axial strain fa& @AUC triaxial tests on block sam-
ples and standard piston samples at 3.5 m depth.
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Figure 6-8: Shear stress versus axial strain fa& @AUC triaxial tests on block sam-
ples and standard piston samples at 8 m depth.

From the tests on specimens of the highly sensiles at 3.5 m depth it can be noted

that the tests on block samples give higher unddhghear strength than the tests on
piston samples. Also the stress paths of the daokples follow each other more close-
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ly than the stress paths of the piston samplessctater in estimated undrained shear
strength between the three specimens is abouathe for the piston samples and the
block samples.

Looking at the tests at 8 m depth on the normalhsgive clay, there are both higher
and lower values of the undrained shear strength the tests on block samples than
from the tests on piston samples. Also an equédréifice of the stress paths can be not-
ed for both the tests on block samples and thempstmples.

Torpa 3,5 m - Anisotropically consolidated undraine d triaxial compression tests
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Figure 6-9: Stress paths for the CAUC triaxial s2eh block samples and standard
piston samples at 3.5 m depth.
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Figure 6-10: Stress paths for the CAUC triaxialtsesn block samples and standard
piston samples at 8 m depth.
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Similar to the results of the CRS oedometer testhe highly sensitive clay at 3.5 m
depth, the estimated vertical preconsolidationguress from the CAUC triaxial tests on

block samples are higher than the preconsolidgaieasures from the triaxial tests on
piston samples.

The CAUC triaxial tests on normally sensitive ciy8 m depth give vertical preconsol-
idation pressures in the same range from the daakples as from the piston samples.
The undrained shear strength and preconsolidatesspres estimated from the triaxial
tests are compiled in Table 6-3, Section 6.4.4.

6.4.3  Results from anisotropically consolidated und rained triaxial extension tests
(CAUE-tests)

The shear stress versus axial strain for the CAldkial tests on block samples and
standard piston samples at 3.5 m and 8 m deptshaken in Figure 6-11 and Figure
6-12. In Figure 6-13 and Figure 6-14 the streskpfibom these tests are plotted.

Torpa 3,5 m - Anisotropically consolidated undraine d triaxial extension tests (CAUE-
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Figure 6-11: Shear stress versus axial strain fer CAUE triaxial tests on block sam-
ples and standard piston samples at 3.5 m depth.
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Torpa 8 m - Anisotropically consolidated undrained triaxial extension tests
(CAUE-tests)
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Figure 6-12: Shear stress versus axial strain far CAUE triaxial tests on block sam-
ples and standard piston samples at 8 m depth.

The CAUE triaxial tests in the highly sensitiveyckt 3.5 m depth gave higher values of
the passive undrained shear strength of the blacipkes than of the piston samples. On
the contrary, in the normally sensitive clay at 8lepth the tests on piston samples give
slightly higher passive undrained shear strengtas the tests on block samples.

Torpa 3,5 m - Anisotropically consolidated undraine d triaxial extension tests (CAUE-

tests)
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Figure 6-13: Stress paths for the CAUE triaxialttesn block samples and standard
piston samples at 3.5 m depth.

20 (25)



Torpa 8 m - Anisotropically consolidated undrained triaxial extension tests
(CAUE-tests)
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Figure 6-14: Stress paths for the CAUE triaxialttesn block samples and standard
piston samples at 8 m depth.

Horizontal preconsolidation pressures estimatewh filte CAUE triaxial tests in the
highly sensitive clay at 3.5 m depth on the blogkples are slightly higher than the
preconsolidation pressures estimated from tesfgston samples.

At 8 m depth, in the normally sensitive clay, tiséiraated horizontal preconsolidation
pressures from block and piston samples are aletpstl.

6.4.4  Compilation of results

Active and passive undrained shear strength arictaleand horizontal preconsolida-
tion pressures estimated from the anisotropicalhysolidated undrained triaxial tests
are shown in Table 6-3, below.

21 (25)



Table 6-3:  Active and passive undrained shear gtihesind vertical and horizontal
preconsolidation pressures estimated from the @njsioally consolidated undrained
triaxial tests.

De th i i y H

kP e (kPa) &' ov (kP3) o' ch (kPa)
Piston Block Piston Block Piston Block Piston Bldc
35 27 30 17 18 73 75 44 46
35 25 29 16 18 66 74 39 43
35 25 28 16 17 65 72 38 42
8 43 46 22 21 162 164 62 60
8 39 42 22 21 150 161 61 59
8 38 37 22 20 145 147 60 58

A comparison of the coefficient of earth pressureeat in normally consolidated condi-
tions, Kone, estimated from the vertical and horizontal precdidation pressures from
the triaxial tests and empirically estimategh&has been done. The empirical estima-
tion of Kone has been based on the relations:

Kone = 031+ 0,7(w, —0,2) (Larsson, 1977)

The estimated value ofgi¢c at 3.5 m depth based on this empirical relatisric ™
= 0.59. The corresponding value based on the psetidation pressures estimated from
both the piston and the block samples é¢gd< 0.59.

At 8 m depth, the estimated value afik based on the empirical relations iK™ =
0.69. The corresponding value based on the pretidason pressures estimated from
the piston samples isplic = 0.40 and from the block samplegyk = 0.37. The most
likely reason for these very lowokc values is that the stress paths for the passase tr
ial tests (CAUE tests) at 8 m depth bent off befeaching the horizontal preconsolida-
tion pressure.

7 DISCUSSION

When comparing test results from different typesarhplers it must be observed that
not only the sampling operation but also the subbseghandling of the samples is dif-
ferent. In this case the piston samples were tategh and stored within their plastic
sample tubes and extruded from these directlytmtamedometer rings and mounting
rings for direct simple shear tests or to be ctitrothe proper lengths for the triaxial
tests. The block samples were transported anddstore rigid plate and sealed with a
mixture of wax and paraffin. They were then opeaed cut into subsamples and often
resealed again in the laboratory. The specimensddometer and direct simple shear
tests were trimmed and punched into the rings legiabequipment and the specimens
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for triaxial tests were trimmed to both the rigidrdeter and length using a wire saw
and trimming apparatuses.

When comparing the results from the large-diam@krck sampler” and the standard
piston sampler in this investigation, it shouldoaie observed that all specimens from
"block" sampling at a certain level originate frame and the same sampling operation.
On the other hand, the specimens from piston sagpliiginated from a number of
sampling operations carried out at the same levatljacent boreholes.

The observed differences in test results are tbusalely effects of the sampling opera-
tions and equipments in themselves but the whaéabf sampling, transport, storing
and handling of the samples. This should be keptimd when looking at the possible
differences in test results and at evaluation efghality of the obtained samples.

The results of the CRS oedometer tests on bloclkksmboth at 3.5 m depth in the
highly sensitive clay and at 8 m depth in the ndlyreensitive clay, show higher values
of the estimated preconsolidation pressure and omaferm stress-strain relationships.

The constrained modulus @M/estimated from block samples both at 3.5 m and 8
depth are higher than\wstimated from piston samplesg Bktimated from block sam-
ples are also higher thanyMstimated from the empirical relation {M 25C,).

It should be remembered that the method for estomaif the preconsolidation pressure
is based on piston samples. Nevertheless, thasedfuhe CRS oedometer tests are an
indication that specimens of higher quality carobtained from the “Block sampler”
than from the standard piston sampler.

The estimated undrained shear strengths from tkeetdiimple shear tests are in the
same range for both block and piston samples &tlbuels. However the deformation
at failure is larger for the specimens from pistamples than those from block sam-
ples, which may be due to higher quality of theckleamples.

The volume changes at reconsolidation of samplesi&xial tests are equal or slightly
less for block samples than for piston samples.

Both the active (CAUC) and the passive (CAUE) tiaatests in the highly sensitive
clay at 3.5 m depth give higher values of the uméxhshear strength and the precon-
solidation pressures in the block samples. In g with normal sensitivity at 8 m
depth there are both higher and lower values ofittteained shear strength from the
active (CAUC) triaxial tests on block samples tffram the piston samples. The pre-
consolidation pressures from block samples aregnighequal. There is also a larger
difference in estimated undrained shear strengthinvihe three block samples than
within the piston samples. The undrained sheangths estimated from the passive
(CAUE) triaxial tests at 8 m depth are even higham piston samples than from block
samples, whereas the values of the preconsolidpteEssures are about equal.

These results from the triaxial tests indicate thahe highly sensitive clay at 3.5 m
depth the specimens from the block sampler arégbieh quality. On the contrary, in

the clay with normal sensitivity at 8 m depth, #pecimens from the piston samples are
of about equal quality.

Other studies comparing different types of pistamglers with block samplers have in
principle come to similar results but often witihgar differences. Lunne et.al. (2008)
compared results from CRS oedometer tests on sarfipta the NGI 54 mm piston
sampler with the Sherbrooke block sampler, takesofhmarine clay from four test
sites in Norway. They concluded that, in genelad,fireconsolidation pressure estimat-
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ed from the 54 mm tube sampler were 20-30% lowerpaned to the block sampler.
The constrained modulus @Vfor stresses below the preconsolidation pressere
about 40% lower for the 54 mm piston sampler. Sirhyil Long, et.al. (2009) compared
results from CRS oedometer tests and triaxial @stsoft marine Norwegian clay taken
by the NGI 54 mm sampler and the Sherbrooke samipher block samples were found
to be significantly superior to the 54 mm specimang yielded e.g. up to 50% higher
preconsolidation pressures angd Wlues twice as high. The undrained shear strength
estimated by triaxial tests on block samples wgpeeally 30% higher than those of the
54 mm piston sampler.

8 CONCLUSIONS

The results from the CRS oedometer tests and thetdiimple shear tests indicate that
specimens of higher quality can be obtained froen’Biock sampler” than from the
standard piston sampler, particularly in highlystwe and quick clays.

The main difference valid for all clays is the fstéfss of the samples at small strains and
any investigation of this property in the laborgtehould use “block” samples.

The differences in evaluated undrained shear gtnendhis investigation were so mod-
erate, if any, that they hardly motivate block sangpfor this purpose in general. The
exception is extremely sensitive soils where itvpsoto be impossible to take undis-
turbed samples of high quality with the standasdgr sampler.

From the limited number of triaxial tests it isfdifilt to draw any conclusions about
sample quality.

The differences in evaluated preconsolidation presswere considerable, particularly
from the CRS oedometer tests. However, the methioeMaluation of preconsolidation
pressure and the handling of other parameters tinese tests is based on results from
piston samples and follow ups of full-scale fietltbes. A possible use of results from
the same type of test performed on block samplesldhiequire a similar large research
program to be carried out.

9 FURTHER WORK

During the work within this study it became evid#mt the sensitivity of the stored
quick clay samples decreased fast. That the sahsiiecreases with time during stor-
age in the laboratory is known. However, how fagt process is and if it differs be-
tween different types of clay needs to be investiga

Investigations in a second test site needs to bduied to clarify the difference in
sample quality between the standard piston sarmapkéthe "Block sampler” in quick
clay with high sensitivity (S> 200).
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