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Introduction 
Since 2017 a new large diameter sampler is 
operable. The sampler is developed for retrie-
ving high quality soft soil samples with a diame-
ter of 0.4 m and a height of 0.5 or 1.0 m. This 
article discusses the reasons for developing the 
sampler, its use and preliminary results.

One of the issues when dealing with peat is its 
fibrous nature. In conventional geotechnical la-
boratory testing, the test results are usually in-
terpreted by an approach based on continuum 
mechanics. Such an approach is only allowed 
when the dimensions of individual particles are 
smaller than the dimensions of the tested spe-
cimen. As a rule of thumb it is assumed that the 
largest dimensions of the individual particles 
are at least 10-times smaller than the smallest 
dimension of the specimen. Most conventional 
laboratory tests are axial symmetric with a dia-
meter of 3.8, 5.0 or 6.5 cm. This is in the same 
order of magnitude as the length of peat fibres. 
As a consequence size effects are to be expec-
ted when testing peat samples. The results of 
laboratory testing often are used in geotechnical 
design of water retaining structures and road 
improvements. When the parameters are more 
accurate and reliable, this can save money by 
optimizing the geotechnical designs.

In earlier studies (Zwanenburg & Van (2015)) 
sample size effects are found for failure and 
post failure behaviour. Failure of the fibres, ei-
ther by slippage or rupture occur after some 
displacement. Although the strain levels in con-
ventional and large sized samples are the same, 
the actual displacement is different, leading to 
different failure behaviour. In order to test this 
behaviour from undisturbed peat samples large 
dimensions are required. To facilitate large sized 
testing a large sized sampler is required. This 
paper discusses the development of Deltares 
Large Diameter Sampler, DLDS, which is ca-
pable of retrieving samples with a diameter of 

0.40 m and a height of 0.50 or 1.00 m. Besides 
the use for retrieving large diameter samples, 
the sampler can also be used as an alternative 
for block sampling of soft clays. Than the large 
diameter sample is trimmed in the laboratory to 
the required dimensions. 

Start of design 
The design of the large diameter sampler is 
started with a literature study. The study aims 
for finding the state of the art in understanding 
sample disturbance. The available literature can 
be roughly divided into two groups. One group 
discusses numerical studies on sampling and 
sample disturbance (a.o. Mohsen et al 1987, 
Clayton et al 1998). This group studies the dis-
turbance of an idealized material behaviour by 
an idealized sampling method. A second group 
discusses field experiences (a.o. Long et al 2009, 
Santagata et al 2006, Tanaka et al. 1996). In this 
group often the total disturbance, due to sam-
pling, transportation and laboratory handling is 

Figure 1 - Components of the DLDS.

Figure 2 - Detail of DLDS: Ring with cutting knives, 
red rings are for transportation purpose only.
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A new large diameter sampler, DLDS, has been developed and is operable 
since 2017. This sampler can retrieve undisturbed samples with 0.4 m in 
diameter and 0.5 or 1.0 m in height. The large sampler has two purposes. 
First it facilitates laboratory testing on large volumes; for fibrous peats it 
is shown that size effects play a role in laboratory testing. A large triaxial 
device and a large direct simple shear device have been developed to study 

the behaviour of large samples in comparison to conventional sized sam-
ples. The sampler is developed to facilitate these large scale tests. Second, 
the sampler can be used to retrieve high quality samples in soft, organic 
clay and peat for conventional laboratory testing as an alternative for block 
sampling. In establishing the quality of the samples a comparison is made 
to samples retrieved with the well-known Sherbrooke sampler.

Abstract

discussed by comparing laboratory test results. 
Literature specific on sampling peat is limited 
(a.o. Helenelund et al 1972, Long 2006, Math-
ijssen et al 2008). For sampling peats, a sharp 
cutting edge, to make clear cuts through the fi-
bres is important. Dragging fibres down with the 
sampler should be avoided. 

Lunne et al (1997, 2006) presents a sample 
disturbance index for clays based on the void 
ratio change by reloading the sample to field 
stress conditions. A low void ratio change 
during reloading indicates little disturbance. It 
is questionable if this index can also be used for 
peats. Due to the high compressibility of peat in 
combination due to high permeability the sam-
ple easily compresses during sampling and a 
low void ratio change during reloading to field 
stress conditions might not necessarily indi-
cate little sample disturbance. 

Sampler equipment
From the beginning the purpose was to design 
a sampler for sampling large diameter peat 
and soft clays in high quality environment. 
Without lateral support the sample might bul-
ge when bringing the sample from sampling 
depth to ground level. For this reason it was 
decided to design the new sampler as a tube 
sampler. During lifting of the sample, trans-

portation and further handling of the sample, 
the tube provides the required lateral support. 

The sampler is also designed as a down-hole 
sampler, meaning that first a boring is reali-
zed to the desired sampling depth. Collapse of 
the borehole walls is prevented by a casing. 
From this basic idea, a down-hole tube sam-
pler, a design is made containing the following 
items, see Figure 1:
-  Cutting shoe
-    Knives, to cut the sample after the required 

depth is reached, see Figure 2. 
-   The tube, to collect the sample, see Figure 

3.
-   Top cap which includes a suction valve and 

the connection to the plunger, see Figure 4
-   The plunger that pushes the sampler 

down, see Figure 4.

The samples are taken from a pre-drilled 
borehole. At two elevations along the plunger, 
three struts, six in total, can be pushed against 
the casing, fixing the position of the sampler.

Sample handling
Due to its dimensions and weight, the large 
samples are not easy to handle by manpower 
without disturbing the sample. Therefore, a 
special procedure and required tools are de-
veloped for further sample handling. 

After the sampler is pushed into the soil, the 
suction valve is closed. The struts, for verti-
cal fix, are released and the sampler is lifted 
to ground level. Experience shows that for 
soft soils the cutting shoe is empty, no soil is 
stuck inside. The sample rests on the knives. 
In case of an empty cutting shoe a pedestal 
is constructed. The sampler and cutting shoe 
are placed over the pedestal, such that after 
releasing the suction valve the soft sample 
is supported by the pedestal. Then the plun-
ger and top cap are removed and the top of 
the sample is inspected. The recovery ratio is 
measured and the space between the top of 
the sample and top of the sample tube is filled 
with soft light weight material. The top of the 
sampling tube is carefully, water tight, closed 
by a lid. 

The sampler is lifted again and carefully tur-
ned upside down. To make lifting possible, lif-
ting rings can be screwed onto the sides of the 
sampler. Next the cutting shoe and ring with 
knives are removed. A lid is placed at the, new, 
top. Finally, the sample can be transported to 
the laboratory for further handling and testing. 

Application in the field
To test the sampler, samples are retrieved from 
the Uitdam test site, near Amsterdam, located in 
the north of the Netherlands, Wiertsema (2016). 
There a large, rather homogenous peat layer is 
easily accessible, to retrieve samples. At the Uit-
dam test site a series of field trials are conducted 
to test the operational shear strength of peat, for 
details see Zwanenburg & Jardine, (2015). At the 
site also Sherbrooke samples were retrieved, 
which gives the option to compare the quality of 
the samples obtained by both methods. 

The subsoil at the Uitdam site consists of a 4 to 5 
m thick peat layer which overlays a 4 to 5 m thick 
clay deposit followed by a Pleistocene sand lay-
er. The samples were taken from the peat layer 
at a depth, top sample, of 1.39 m below ground 
level. 

The peat comprises mainly Phragmites, with 
sedge and sphagnum inclusions, with minor 
vegetal decomposition. The peat is characteri-
zed with a von Post classification of H2 to H3, 
indicating minor decomposition, a water content 
ranging between 650 and 1250 %, an organic 
content ranging from 75 to 92% and a particle 
density of 1.53 ± 1.6% Mg/m3. The undrained 
shear strength, su ranges between 5 to 10 kPa. 
After careful inspection some improvements are 
made, but there was no indication that fibres 
were dragged through sample during sampling 
and the fibres at the outer radius of the sample 
were clear cut by the sampler.

There are more sites in the Netherlands where 
the large diameter sampler is applied for re-
search purposes. The results are not available 
yet, but will be published soon.

Laboratory testing
To further study sample quality a series of oe-

Figure 3 - Detail of DLDS: Sample tube.
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dometer tests is conducted on specimen taken 
from the DLDS samples and compared to re-
sults from tests on specimen from samples ta-
ken by the Sherbrooke sampler. Figure 5 shows 
preliminary results comparing classical oedo-
meter tests on 4 specimen from DLDS samples 
and 2 specimen from Sherbrooke samples.

The oedometer curves, see figure below, show 
good agreement. The differences between the 
different sampled specimens seem small. Ta-
ble 1 gives further details on water content, w, 
dry density, γd, pre-consolidation stress, σ’vy, 
stiffness parameter CR and ratio between re-
loading and normally consolidated stiffness, 
CR/RR. Although it should be noted that the 
number of tests are too small to draw final 
conclusions, there seems to be a difference 
between the DLDS and the Sherbrooke sam-
ples. The DLDS specimens have a higher water 
content, lower density a lower normally conso-
lidated stiffness and larger CR/RR ratio. There 
seems no clear difference in pre-consolidation 
stress. 

Differences in w, γd and ratio CR/RR can be ex-
plained by differences in sampling techniques 
in which some compression of the peat sam-
ples might have occurred. During sampling and 
bringing the Sherbrooke samples to ground le-
vel, the samples are not supported and water 
from the large pores can leave the samples ea-
sily. Some of the Sherbrooke samples showed 
some deformation, bulging or bending directly 
after sampling. However, the differences in CR 
and the lack of difference in σ’vy cannot be ex-
plained by sample disturbance. Alternatively, 
heterogeneity in the peat layer might also ex-
plain the differences between the test results. 
It should be noted that the samples were ta-
ken at close distance, centre to centre distance 
between the borings is 8.6 m. From visual in-
spection there was no indication for geological 
or biological differences in the peat layer. More 
test results are needed for final conclusions.

Conclusions
The new large diameter sampler, for soft soils, 
is designed, built and applied successfully in 
the field. Retrieved peat samples from this 
large diameter sampler are tested in the labo-
ratory. The preliminary results show that the 
peat samples have less sample disturbance (so 
slightly higher quality) than the retrieved sam-
ples with conventional sample techniques (with 
a diameter of about 63mm) and the Sherbrooke 
sampler. Especially for peat the large diameter 
sampler seems to give high quality samples. 

Figure 4 - Detail of DLDS: Plunger and top cap.
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NEW LARGE DIAMETER SAMPLER FOR SOFT SOILS

The purpose of the sampler is twofold. First it 
aims to retrieve samples for large volume tes-
ting. Second, the sampler forms an alternative 
for block sampling, giving less sample distur-
bance. The sampler is applied in the Nether-
lands at the Uitdam test field, but could be ap-
plied on more sites. The sampler is well suited 
for sampling soft soils, such as peat and soft 
clay. A large triaxial device and a large direct 
simple shear device have been developed to stu-
dy the behaviour of large samples in comparison 
to conventional sized samples. The sampler is 
developed to facilitate these large scale tests. 
Further research and comparison of the Uitdam 
peat sample in the large direct simple shear de-
vice is being planned for the coming period.
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Tabel 1 - Comparison between the DLDS and Sherbrooke samples.

test ID w
[%]

γd
[kN/m3]

σ’vy
[kN/m2]

CR
[-]

CR/RR
[-]

DLDS 8a 1164 0,74 12,71 0,65 12,45

DLDS-8b 1186 0,73 7,49 0,56 9,19

DLDS-8c 1130 0,79 8,68 0,57 9,12

DLDS-8d 1154 0,75 10,48 0,61 9,76

Sher-10a 950 0,89 9,77 0,54 7,40

Sher-10b 976 0,87 8,69 0,49 7,07

Figure 5 - Comparison between classical oedometer test results for tests on  
samples retrieved by large diameter sampler (DLDS) and Sherbrooke (SHER).
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