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Abstract. Laboratory tests were conducted in soft clay deposits at the Macaé/RJ airport in order to obtain geotechnical
parameters for a new runway design. The quality of soil samples, extracted with both brass tube (thin-walled) and
reinforced PVC tube (thick-walled) soil samplers, was assessed. Both samplers were 700 mm long, with a 7 degree
chamfered cutting edge and no internal clearance. Oedometer tests were conducted to compare the results of tests
performed on the samples obtained using the two samplers. Based on classifications in the literature, both samplers
provided very good to excellent samples in most of the cases. Moreover, given the lower cost and faster delivery of the
PVC samplers, this option is shown to be a good alternative to the brass samplers.
Keywords: open tube soil sampler, sample disturbance, sample quality, sampling, soft clay.

1. Introduction

Laboratory tests are often used to obtain geotechnical
parameters to be used in the design of geotechnical struc-
tures. Oedometer and triaxial tests require undisturbed
samples to yield reliable soil parameters. However, sample
quality continues to be an obstacle to obtaining good qual-
ity geotechnical parameters. The soil sampling process in-
volves a number of steps described by Ladd & De Groot
(2003) who provided a list of recommendations for mini-
mizing sample disturbance.

Several types of sampling tools and methods are de-
scribed in the literature (Hvorslev, 1949; Bertuol et al.,
2009; La Rochelle et al., 1981; Lefebvre & Poulin, 1979;
Tanaka et al., 1996; Hight, 2001).

The Brazilian practice (ABNT, 1997) has relied on
the use of thin-walled open tubes (Shelby tubes), fitted with
a drive head with a suction ball valve to help secure the
sample during extraction. In general, these open tubes are
manufactured in brass or stainless steel, with a thin wall
(typically 1.58 mm thick).

However, the cost of brass or steel samplers is also a
factor that must be considered. Januzzi et al., 2013 carried
out soft clay sampling with a thick-walled PVC tube sam-
pler and concluded that its use should be encouraged, pro-
vided the sample quality criteria could be met. Marques et
al. (2017) conducted a site investigation using PVC tubes,
with satisfactory results, where 60 % of the samples were
classified as good to excellent according to the Coutinho
(2007) sample quality evaluation criteria.

Although the ABNT (1997) recommends the use of
brass or stainless steel tube samplers, three factors have
arisen in Brazilian common practice to support the use of
PVC tubes. These factors include: time, cost and handling.

PVC tubes can be acquired more quickly than brass or
stainless steel tubes, they are significantly less expensive
than metal tubes, and they are easier to handle during sam-
ple extrusion.

This paper deals with the analysis of tube samplers
made of different materials in order to compare the novel
use of thick-walled PVC tube samplers and the impact of
their use on the geotechnical parameters of the samples.

Lunne & Long (2006) presented a broad discussion of
the detailed physical characteristics of the core sampling
tubes, such as: diameter, wall thickness (or area ratio), cut-
ting edge angle, inside clearance, inside friction, and out-
side friction. Extensive literature exists on these topics.
Regarding the physical characteristics of the core sampling
tubes the following studies are of particular importance:
Hvorslev (1949), Kallstenius (1963), Lefebvre & Poulin
(1979), La Rochelle et al. (1981), Andresen (1981), Hight
et al. (1992), Lunne et al. (1997), Lunne et al. (1998),
Lunne et al. (2006), Lunne (2009), Tanaka & Tanaka
(1999), Di Buò et al. (2019). Furthermore, Karlsson et al.
(2016) and Lim et al. (2019) reported that a little more care
in sample handing and testing can result in large cost sav-
ings as a result of more reliable model parameters.

The aim of this article is to assess and compare the
quality of soil samples extracted using two different soil
sampling tubes, a brass (thin-walled) tube sampler and a
PVC (thick-walled) sampler. Undisturbed soil samples we-
re needed to determine geotechnical parameters for a civil
engineering project at the Macaé airport in Brazil. Each
tube sampler was used to extract three samples from an 8 m
deep soft clay deposit. The sample quality was assessed ac-
cording to parameters proposed by Lunne et al. (1997) and
Coutinho (2007).
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2. Sample Quality Evaluation

The classification of sample quality proposed by Lun-
ne et al. (1997) is based on the ratio of �e/ev0, where �e is
equal to e0 - ev0, i.e., the difference between the void ratio e0

at the start of the oedometer consolidation test and the void
ratio evo at the in situ vertical effective stress. Coutinho
(2007) used the same ratio, �e/ev0, but suggested different
limits, taking into consideration the fact that Brazilian soft
clays are, in general, softer and more plastic than the Scan-
dinavian clays used in the Lunne et al. (1997)’s study. Ta-
ble 1 shows the criteria for classification of sample quality,
including the ranges and limits of the overconsolidation ra-
tios (OCR) used for each approach.

3. Brass and Reinforced PVC Soil Sampler
Tubes

The PVC tube sampler was manufactured according
to the recommendations of De Groot et al. (2005), with a
7° cutting edge (ABNT (1997) recommends an angle
range between 5° and 10°, no internal clearance (Fig. 1), a
100 mm diameter, a 700 mm length and a wall thickness of
2.50 mm. The geometric and material characteristics of
the tube samplers used in this study are presented in
Table 2.

The cost of obtaining undisturbed soil samples is an
important factor to be considered with respect to the overall
sampling process, particularly in the Brazilian context. The
prices for brass Shelby tube samplers used in three different
projects are listed in Table 3. The table shows that the cost
of soil sampling using reinforced PVC samplers varies be-
tween 47 % to 68 % relative to the cost of sampling with
brass samplers. The main reason for this is the fact that the
cost of the brass and PVC tubes are, respectively about
50 % and 10 % of the overall sampling cost, thus the PVC
tube sampler is much cheaper than the brass sampler. It
should be also noted that the time needed to manufacture
and deliver brass tubes is usually about one month, whereas
reinforced PVC tubes can easily be found, cut and put
through the lathe.

4. The Test Site

The area studied, shown in Fig. 2, is near the Macaé
river, which flows into the Atlantic 2.5 km downstream
from the city of Macaé.

The Macaé soft clay deposit was formed about 5000
years ago from sediments originating from the erosion of
the surrounding mountains carried by tributary rivers, as
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Figure 1 - Detail of the PVC sampler cutting edge.

Table 1 - Criteria used to evaluate sample quality.

�e/e0 (Lunne et al., 1997)

OCR Very good
to excellent

Good to
fair

Poor Very poor

1-2 < 0.04 0.04-0.07 0.07-0.14 > 0.14

2-4 < 0.03 0.03-0.05 0.05-0.10 > 0.10

�e/e0 (Coutinho, 2007)

OCR Very good
to excellent

Good to
fair

Poor Very poor

1-2.5 < 0.05 0.05-0.08 0.08-0.14 > 0.14

Table 2 - Characteristics of the tube samplers used.

Reinforced PVC1 Brass

Nominal diameter (mm) 100 100

Wall thickness (mm) 2.5 1.58

Rigidity modulus (GPa) 3.2 40

Absolute roughness2 - � (mm) 0.003 0.007

1Commercial Ref. Amanco.
2Lencastre, 1996.

Table 3 - Cost comparison - Extraction with PVC vs Brass 100 mm diameter soil tube samplers.

Project Year Location Material Cost of soil sample plus
tube sampler-USD4/m

Porto Alegre Airport - Cargo Apron1 2014 Porto Alegre/RS Brass 316.18

PCTEG2 2015 Guaratiba/RJ Brass 460.83

Macaé Airport3 2019 Macaé/RJ Reinforced PVC 215.38

1Public Bid Process 011/ADSU/SBPA/2012.
2Public Bid Process 02/2014 - 1ª RM.
3Private Bid Process.
4Currency exchange rate USD/BRL = 5.58.



well as from marine sediments deposited by sea regression
(Martin et al., 1984). Mineralogical tests performed on
samples collected at the site showed that the clay fraction is
composed primarily of kaolinite, although illite and/or
smectite can also be found in smaller proportions. The or-
ganic matter content of this soil deposit, determined by the
Embrapa Method (Embrapa, 1997), is around 6 %. There-

fore, this clay can be classified as slightly organic (Mitchell
& Coutinho, 1991).

The black hatched circle shown in Fig. 2, the deepest
point of the soft soil at the airport site, represents the loca-
tion studied in this article.

Figure 3 summarizes the main characteristics of the
Macaé soft soil deposit based on the site investigation car-
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Figure 2 - Curves of equal thickness for the Macaé Airport soft soil deposit.



ried out. The eight-meter thick very soft clay layer
(NSPT < 2) overlies the fine to coarse sand layer. The water
table at the site is just below ground surface and is influ-
enced by sea level. Natural unit weight (�n) varies from 11.5
to 14.5 kN/m3 (Fig. 3a). The Macaé clay is very plastic and
the plasticity index (IP) varies from 78 % to 85 %, measured
without previous drying (Fig. 3b), with water content (wn)
being slightly superior to the liquid limit (wL). Figure 3(c)
shows that specific gravity (Gs) is nearly constant and equal
to 2.61, although at 7.0 and 8.0 m depth Gs is lower (about
2.10) due to organic matter. The in situ void ratio (e0), var-
ies from 2.2 to 5.0 between one meter to eight meters depth,
although from the surface to one-meter depth, eo increases
from 0.5 to 4.0 (Fig. 3d). Lower values of e0 near the surface
(< 1.0 m depth) are due to a higher sand content and water
level fluctuation. The Macaé site soil composition is a
clayey silt with an average of 30 % clay, 60 % silt and 10 %
sand, as shown in Fig. 3e.

When compared with other soft soil deposits in the
state of Rio de Janeiro, Brazil, it is important to mention that
the clay content of the studied deposit at the Macaé Airport is
lower than other studied areas, such as Sarapuí (Almeida &
Marques, 2003; Almeida et al., 2008), and Barra da Tijuca
(Baroni & Almeida, 2017 and Baroni & Almeida, 2012). In
these other areas, the average clay content is 69 % for
Sarapuí (Almeida & Marques, 2003), 70 % for the Jutur-
naiba deposit (Coutinho & Lacerda, 1987), and the Barra da
Tijuca clay composition varies from 23 % to 80 % (Baroni &
Almeida, 2012). Moreover, Póvoa et al. (2018) found a clay
composition of 65 % for soft soil deposits about 5 km distant
from this studied site at Macaé Airport.

For all of these sites, the water content is in the range
80-150 %, and close to the liquid limit. Nevertheless, the
site in the present study has a lower clay content (an aver-
age of 30 % whereas other sites in Rio de Janeiro have, at
least, 65 %), while other geotechnical parameters such as
natural unit weight, water content, plasticity index and void

ratio are consistent with the parameters found in the Sara-
puí and Juturnaiba deposits for instance.

The site investigation for the Macaé clay included
laboratory and in situ tests as summarized in Table 4.

The results of this site investigation are presented and
a summary of the main findings of the triaxial, vane and
piezocone tests is presented in Table 5.

5. Oedometer Consolidation Tests Results
Soil samples extracted from the site were transported

to the laboratory according to local practice (Aguiar, 2008),
which involved the sample being carried in a wooden box
filled with damp saw dust to avoid disturbance and also to
prevent water content loss. Once in the laboratory, the sam-
ples were handled according to recommendations in the lit-
erature (Ladd & De Groot, 2003).
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Table 5 - Summary of triaxial and vane test results.

Parameter Value / Range

Peak friction angle �’ (°) 38.3

Cohesion c’ (kPa) 1.10

Undrained strength Su (kPa) 10.6-18.0

Average clay sensitivity St 4

Piezocone cone factor Nkt 10

Pore pressure ratio Bq 0.33

Table 4 - Tests performed on the Macaé clay.

Investigation Test types

In situ tests SPT, CPTu (*), Vane tests (**)

Laboratory tests Oedometer tests (see next section);
triaxial tests (UU, CIU and CAU)

(*) COPPE/UFRJ equipment measuring u1 and u2.
(**) COPPE/UFRJ vane borer equipment.

Figure 3 - Characteristics of Macaé soft soil deposit.



The reinforced PVC tube sampler was used to extract
three samples from the deposit, at depths of 2.5 m, 4.0 m
and 6.0 m. Three additional samples (2.0 m distant from
PVC borehole) were then extracted using the brass tube
sampler at the same depths. Incremental loading 24 h oedo-
meter tests were conducted on all samples using the same
loading test sequence to enable comparison.

In total, eleven samples were extracted, however four
of these showed atypical water content values and were,
therefore, rejected at the beginning of the tests. One sample
was classified as poor based on the Lunne et al. (1997) cri-

teria and was also rejected. Hence, six (three for each tube
sampler type) out of eleven samples were analyzed in
greater detail. The vertical effective stress vs. void ratio
curves for each of these six tests are shown in Fig. 4, Fig. 5
and Fig. 6, respectively for samples at 2.5 m, 4.0 m and
6.0 m of depth from the borehole SP 16. These figures show
the complete curve (log �’v vs. e) on the left, and on the
right, the preconsolidation stress region in greater detail,
with a modified scale to better visualize the preconsoli-
dation stress values, calculated using the Pacheco Silva
method.
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Figure 4 - (a) log (�’v) vs. e curve at SP 16 - 2,5 m ; (b) Detail at Preconsolidation Stress region.

Figure 5 - (a) log (�’v) vs. e curve at SP 16 - 4 m ; (b) Detail at Preconsolidation Stress region.



A summary of the six oedometer tests is presented in
Table 6.

An overall summary, with average values of the com-
pressibility and consolidation data for the Macaé clay, is
shown in Table 7.

6. Summary and Discussion
The last two columns of Table 6 present the sample

quality according the criteria proposed by Lunne et al.
(1997) and Coutinho (2007), for the six samples analyzed.
The sampling process in situ was conducted quite carefully,
which is not common in engineering practice. The study
also closely followed the recommendations found in the lit-
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Figure 6 - (a) log (�’v) vs. e curve at SP 16 - 6 m ; (b) Detail at
Preconsolidation Stress region. T
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erature (Ladd & De Groot, 2003; De Groot et al., 2005;
Aguiar, 2008), which may explain the good values of �e/eo

found in here. The use of samplers with a 7° cutting edge
(within the 5° to 10° range indicated by ABNT (1997)), as
well as no internal clearance also facilitated insertion of
both tube samplers.

Overall, the values of �e/eo for the PVC tubes sam-
ples are on average 36 % higher than �e/eo values for rein-
forced brass tube at the same depth. Although higher �e/e0

values were observed in the PVC samples relative to brass
samples, this was found to be relatively insignificant, as it
did not change the sample quality classifications based on
Lunne et al. (1997) and Coutinho (2007).

These findings are consistent with other recent cam-
paigns conducted in Brazil. Jannuzzi et al. (2013) reported
excellent and good to fair quality samples at the Sarapuí II
deposit in four out of six PVC tube samples, therefore, 67 %,
according to Lunne et al. (1997). Marques et al. (2017) used
PVC tube samplers at Guaratiba/RJ and reported a lower
percentage for excellent and good to fair quality samples (3
out of 6 samples; 50 %). In the present study, 55 % of the
original eleven samples were considered excellent and
good-to-fair quality according to Lunne et al. (1997) or
Coutinho (2007). However, it is important to mention that
atypical water content values presented a major problem in
four of those samples and they were therefore excluded from
the analysis. Essentially, only one of the original samples
was considered poor according to the criteria. Table 8 com-
pares the brass and reinforced PVC tube samplers showing
their advantages and disadvantages. The greater stiffness of
the brass tubes seems to explain the smaller �e/eo ratio com-
pared with values from samples extracted with the PVC
tubes. The greater stiffness reduces the strain on the tubes re-
sulting in smaller sample disturbance. However, this is not
sufficient reason for rejecting the use of PVC tubes as they
have important advantages over the brass tube sampler, in
terms of cost, time and handling.

7. Conclusion

The quality of samples extracted in situ is a funda-
mental factor in obtaining accurate geotechnical parame-
ters. In this study, the use of reinforced PVC tube soil
samplers (700 mm long, with a 7 degree chamfered cutting
edge and no internal clearance) for extracting undisturbed
soil samples was shown to be feasible, with advantages in

terms of cost, time and handling. Oedometer tests were
conducted to compare the results of tests performed on the
samples obtained using the brass and PVC samplers. In-
deed, based on the sample quality criteria of both Lunne et
al. (1997) and Coutinho (2007), most of the samples were
assessed to be in the “very good to excellent” range.

Although the wall of the PVC tube soil sampler is
thicker than the brass tubes, yielding a lower rigidity mod-
ule, good results were achieved due to: i) the absence of in-
ternal clearance on the sampler; ii) the lower absolute
roughness of the PVC compared to the brass tube; and iii)
the use of careful and patient sample handling and trim-
ming in the extraction process.

Despite the limited number of samples in this study, the
results are still encouraging and are consistent with the find-
ings of Jannuzzi et al. (2013) and Marques et al. (2017). In this
context, the findings indicate that the use of PVC samplers en-
able cost and operational time savings when compared with
brass tubes, without compromising sample quality.
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