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A Sampler with a New Type of Shutter
Un Preneur d'Echantillon Muni d'un Nouveau Type d'Obturateur
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SYNOPSIS
This article describes a sampler provided with a new type of shutter, which
prevents the sample from slipping out of the sampler during withdrawal. The sampler is designed so
as to minimize stress changes during withdrawal. Some results from a comparative test series, where
this new sampler and the Swedish standard piston sampler were used are presented. They show that
this sampler, called LUH I, is at least as good as the standard piston sampler for sampling in the
types of soil tested in this project. The LUH I is still a prototype, which in a near future will be
improved in some respects, which will make it even easier to handle and which will further improve
the quality of the samples.

INTRODUCTION
One main problem in connection with sampling is,
that in certain types of soils, such as silt and
sand, the samples will be lost when the sampler
is withdrawn after punching. This is also the
case when sampling in soft, sensitive clay if
the time between punching and withdrawal is too
short.

BEFORE
PUN CH IN G

The recent development of sofisticated theories
increases the demand for samples of good quality
for the tests, as the theories can not give
better results than the input allows them to.
The results from laboratorie tests give the in
put in the models of calculation, but the re
sults always depend on the quality of the samp
les tested.
All samplers produce a certain degree of distur
bance, and a lot of work has been done all over
the world to improve the samplers and the tech
nique of sampling. Hvorslev (1949) gave recom
mendations for the design of samplers with cri
teria like: area ratio, clearance ratios, sampl
ing length and edge angles. Extensive work has
also been made at the Swedish Geotechnical In
stitute in the field of sampling (Jakobson,
1954), (Kallstenius, 1958). These works confirm
ed most of Hvorslevs findings and led to the
development of the Swedish standard piston
sampler, "St I".
It is, however, inevitable that the soil during
sampling sustains stress changes, which can have
an influence on the shear strength and consoli
dation properties. Figure 1 shows, in principle,
the stress changes which occur in a soil sample
during sampling. A large diameter sampler gives
a large zone of disturbance beneath its lower
end. A smaller diameter means, that this distur
bed zone will decrease, but also that the possi
ble sampling length will decrease. This length
can be increased by an inside clearance, but if
it is too large the risk of losing samples dur
ing withdrawal increases. For this reason samp-

Figure 1.

Stresses acting on the soil during
sampling.

lers are often provided with some kind of core
catcher. These are usually not activated until
the sample starts to slip out of the sampler.
The catching as well as the slip cause some
disturbance as well.
During the sampling the soil will be exposed to
large stress changes. There will be tensile
stresses in the order of 70-90 kPa in the upper
and lower parts, and also shear stresses along
the periphery. These stress changes will cause
deterioration of the quality of the sample,
especially in the upper and lower parts.
The problems mentioned have been lessened by
this new type of shutter, where the sample is
not pulled off, but carefully sheared off. The
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sample is also supported in the lower end during
withdrawal, thus preventing the sample from
slipping inside the sampler.
The Swedish standard piston sampler St I is
known to yield good samples (cf. Raymond 1977,
Holm and Holtz 1977) and is therefore used as a
model for further development.

THE SAMPLER
The new piston sampler is equipped with a free
moving piston. The edge, inside clearence, and
sampling length are the same as for the standard
piston sampler, St I. The shutter has been de
signed to fulfil two main demands:
•

Guarantee that the sample will not be lost
during withdrawal of the sampler.

•

Minimize the stress changes during with
drawal.

. .

.»

In order to fulfil these demands, the shutter
has been designed so that:
• The shutter is completely closed when the
sampler is withdrawn, thus preventing the
sample from moving inside the sampler.
• The sample is cut off in the lower part,
which means that there will not be any
tensile forces in the upper and lower
parts.
• The sample tubes are surrounded by air
which means that the sample during with
drawal will not be exposed to large nega
tive stresses.
The shutter works as a ball valve which is clos
ed during pushing of the sampler. During this
operation, a piston is attached to the valve,
preventing the soil from entering the sampler.
When the punching starts, the valve is opened,
allowing the piston and the soil to enter the
sampler. After punching, the valve is closed
again and this guarantees that the sample will
not be lost during the withdrawal, Fig. 2. Also,
there is no extra time needed before the with
drawal, which makes the sampling easier and less
expensive.
The sampler has been tested in different types
of soils, especially where sampling is known to
be extremely time consuming due to frequent loss
of samples. Comparative tests have been made,
where the standard piston sampler has been used
as a reference.

TEST SITE RÂVEKÂRR, GOTHENBURG
RâvekSrr was chosen as test site because earlier
attempts to take samples with standard piston
sampler had failed. St I is provided with a core
catcher which, in most cases, is sufficient to
carry the sample during the withdrawal. In the
very soft, sensitive type of clay in Râvekarr
the core catcher of St I is not sufficiently
effective. At several occasions the core catcher
was turned "inside out" and the samples were
lost. Though the sampling was extremely care-
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The principle of the sampler with
its valve shutter.
A= loose piston
B= "undisturbed sample"

fully made it was succesful only at two levels
out of six. However, at these two levels the
samples had slipped 5-10 cm inside the sampler
This caused a certain degree of disturbance.
At this location the new equipment gave samples
from the same six levels without any problem.
The soil at RSvekarr is a very soft, highly
sensitive clay with an undrained shear strength
of 5-15 kPa. There are a lot of shell fragments
and stones in the clay. This has made the com
parative tests very difficult, because the
scatter in the results is too large. Also, only
few samples were obtained with the reference
sampler. Therefore, no results from these test
will be shown here. The conclusions from this
test site will be that the sampler LUH I makes
it possible to obtain samples where other samp
lers usually fail.

TEST SITE NORRA SUNDERBYN, LULEA
This site was chosen because the results from
geotechnical investigations on samples taken
with a standard piston sampler are well known.
This site is also known to be difficult with
respect to sampling. This is mainly due to
axial extension and radial shrinkage of the
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samples, which may well result from stress
changes. There are also usually vertical fissu
res in the soil.

X-ray pictures but not visible in sectioned
samples. Also, there are more tests on samples
from the LUH I-sampler than from the St I.

Below 1 m of dry crust the soil consists of a
fairly homogeneous black, silty clay called
svartmocka to the depth of 8 m. The tests have
been confined to the levels "4", "5" and "6" m.
The properties which have been tested are pri
marily the undrained shear strength, determin
ed with the fall cone method, and the precon
solidation pressure determined with CRS-technique, with the deformation rate 1% per hour
and the evaluation of the preconsolidation
pressure according to a technique described by
sailfors (1975).

Pedometer tests

Undrained shear strength
The undrained shear strength is determined with
the fall cone method, which makes it possible
to make a large number of determinations on
each sampling level. In these tests the actual
values of the shear strength are not of prima
ry importance, but the difference between re
sults obtained from the samples. Figure 3 shows
the results from fall cone tests at the three
levels. The results represent three different
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The determination of preconsolidation pressures
on the levels "4", "5" and "6 " m are performed
with the CRS-technique (SSllfors, 1975). With
this technique the preconsolidation pressure is
determined within 24 hours for most soils.
There are also other advantages with this tech
nique. The vertical effective stress and the
deformation are continuously recorded, which
means that a continuous compression curve is
obtained. The evaluation of the preconsolida
tion pressure is made according to Sailfors
(1975). For the present purpose the method is
suitable because it yields a well defined value
of the preconsolidation pressure.
Fig. 4 gives the results from compression tests
on samples taken with the two samplers LUH I
and St I. As can be seen the LUH I gives higher
preconsolidation pressures at levels "4" and
"5", and practically the same values as the
St I at level "6 ". The mean values for the two
upper levels are 14 and 15% higher for LUH I,
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Results from fall cone tests at Norra Sunderbyn test site.

bore holes using the sampler LUH I and from two
bore holes using the St I. Each plot in the
diagram represents the mean value of five indi
vidual determinations.
As can be seen, there is a certain scatter in
the results at each sampling level. A compari
son between the mean values at each level shows
that, the undrained shear strength determined
with LUH I is approximately 7% higher than the
values representing the standard piston sampler.
The somewhat more pronounced scatter in the
results representing the LUH I may be explained
by structural variations which are obvious in

and on level "6 ", 4% higher for St I. These re
sults are mean values at 4-6 tests at each tes
ted level.

CONCLUSIONS
To some extent the differences between the re
sults from the two samplers can be explained by
the natural scatter in shear strength and pre
consolidation pressure, but it is evident that
the mean values are higher for samples taken
with the LUH I-sampler. Current oedometertests
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Figure 4.

Preconsolidation pressure, deter
mined with CRS-technique on sam
ples from the LUH I and the St I
samplers

on clays from Gothenburg tend to give similar
results.
It can be stated that samples taken with the
LUH I gives at least as good samples as the
ones obtained with St I in the types of soils
tested. It should also be mentioned that the
LUH I sampler is still a prototype which can be
improved in certain respects. Such modifica
tions will make the handling easier and will
also improve the quality of the samples further.
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