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ABSTRACT

Oedometers and secondary oedometric tests with controlled shear rates were performed in two
soils from the Baixada Fluminense region, in the city of S&o Jodo do Meriti — Rio de Janeiro, Brazil.
The soils in question are deposited on non-compacted soft soil with the addition of Municipal Solid
Waste (MSW). Both samples of compacted soil were excavated at a depth of 10.0 m, and
undisturbed samples were collected.
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1. INTRODUCTION

This edometric compression test, commonly
called “conventional consolidation test’, is the
oldest and best known type for determining soil
compressibility parameters [1-5]. The test
consists of the axial compression of a specimen,
confined laterally, by applying vertical pressures,
with a duration of 24 hours and a predefined load
ratio [6-11].

2. MATERIALS AND METHODS
2.1 Sample Collection

The experimental ground of study was
established in 2010 to study the construction of
landfills on layers of non-compacted soft soils
with the addition of Municipal Solid Waste
(MSW), a common environmental problem
throughout the country (Mahler, 2018). Moreover,
the region where the samples were collected is in
Séao Jodo do Meriti, located in the Metropolitan
Region of Rio de Janeiro (22°47'40.5"S
43°21'05.9"W).

Two undisturbed samples were collected in the
field. Point 1 in the slope Region and Point 2 in
the Central Region of the development. The
samples were 25x25x25 centimeters in size.
They were rapidly paraffined and protected, in
order to not lose humidity. Therefore, they would
not undergo changes during transport to the
laboratory, where they were placed in a moisture
chamber. For safety factors, Point 1 was chosen
for appearing to be more clayey and Point 2 for
having higher settlements, as previous mention
by Deere e Patton (1971).

2.2 Oedometric

The edometric compression test

follows the following steps:

procedure

Molding of the specimen with the help of a
beveled ring to reduce disturbances in the
sample during carving; Placement of the ring,
with the soil, in the rigid cell that should contain a
porous stone at its base with filter paper, to allow
the water to drain from the specimen; Assembly
of the top plate, or "top cap”, which should also
contain a porous stone; Displacement
meter adjustment for vertical displacement
measurements; Application of vertical loads in a
loading ratio. For this test, the first loading stage
was 0.031 (kg/cm2), with 8 loading stages that
were applied to the sample, that is, the loading
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variation was 0.031; 0.062; 0.125; 0.250; 0.500;
1,000; 2,000 and 4,000 (kg/cm2), and three
discharging stages 2,000; 1,000; 0.500 (kg/cm2).
Each charging stage must last for 24 hours.
During each loading stage, vertical compression
measurements of the sample are made as a
function of time, for times 0, 0.1, 0.25, 0.50, 1, 2,
4, 8, 15, 30, 60, 120 and 240 minutes. With these
data, consolidation curves are constructed, that
is, displacement versus time. For the case of
cohesive soils, the Casagrande Method is used.
In the process of consolidation, the dissipation of
pore pressures in the sample occurs.
Considering that the degree of consolidation of
the sample for a given time factor Tv is identical
to the average percentage of pore-pressure
dissipation, at the end of the consolidation
process (U = 100%) the increase in the effective
vertical stress along the entire the thickness of
the sample will be equal to the total stress
increment applied to the top of the sample. With
the deformation values, at the end of each
loading stage, a curve of the effective stress
versus the deformation produced by the increase
of this stress is constructed [12,13]. This curve
can be displayed in various ways, such as
vertical effective stress versus void ratio, vertical
effective stress versus specific volumetric strain.

The DS test was performed in accordance with
standard ASTM 2974 soil procedures, to
determine the shear stress [14]. Six tests were
carried out at two different points in saturated
state, with initial tensions of 75 kPa, 150 kPa and
300 kPa for both points. The sample cell has 36
cmz in area (6 cm x 6 cm), is horizontally split
and secured by two screws. The adopted shear
velocity was 0.043 mm.min-1. The DS tests were
carried out with flooding for at least one night.

2.3 Secondary Oedometric

With the aim of comparing the creep behavior of
the soil, creep-type edometric tests (P1 and P2)
were carried out on the soil for effective stress
levels equal to those previously defined.

The creep study at the points was carried out for
an effective stress equal to that found at a depth
of 10m (corresponding roughly to the middle of
the urban solid waste deposit) plus the stress
associated with the construction of a landfill, of
large dimensions in plan, with 10m high (landfill =
20kN/m3). Thus, in the tests, we have a value of
210kPa (= 50 + 160kPa) as the effective creep
stress, Creep-type edometric tests were carried
out with load steps lasting 24 hours, except for
the step corresponding to the effective creep
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tension, which lasted for 14 days, as described
above. After the sample saturation phase (x
24h), the load step corresponding to the effective
“resting” tension was applied, immediately
followed by the creep step (active for 14 days).
This was followed by a load cycle until the
oedometer's load capacity was exhausted,
ending the test with a discharge cycle.

3. RESULTS AND DISCUSSION

3.1 Oedometric

The interpretation of the results of the creep-type
oedometric tests must be done with care, as they
are based on intact samples collected at a depth
of 4m, different from the depth under study in the
referred tests. In this way, they are unfeasible.
Quantitative interpretations, although it s
possible to elaborate qualitative extrapolations
regarding field behavior.

Table 1. Informative table with average density coefficient values for the 2 points:

Oedometric Test

cv ou ch x 10-3

vertical
vertical

P1
P2

37,09
40,66

The graphs below show the void ratio vs effective vertical stress curve for the different tests

performed (Figs. 1 and 2):
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Fig. 1. Point 1 and 2 - Void ratio in the different tests

Table 2. Informative table with average deformation in the creep tension for the 2 points

Ca

Test Creep Tension (kPa)
210,0

P1 0,023

P2 0,028
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Fig. 2. Point 1 and 2 - Void Index in the different minutes (secondary oedometric)

Nascimento [15] found very close results for the
silty clay of the Canal do Porto da Baixada
Santista in the region of Ilha Barnabé, with an
average cv of 79.57 x 10 cm?/s and a standard
deviation of 27.67 x 10 cm?s.

4. CONCLUSION

In sample/point 1, a final void ratio was observed
in the saturated case lower than in the natural
case, as expected. The difference between the
initial and final voids index in the saturated soil
was also greater. The tests carried out can be
considered similar to the twins, in which the
sample is tested in the natural and saturated
state, in order to have a view of the saturation
effect, which was proven.

In the case of sample/point 2, the values of the
final void index, of the sample tested in the
natural and saturated state, are similar. However,
the initial values of the voids ratio of the
saturated sample are higher, so that the variation
of the voids index in the saturated soil is greater
and the greater deformation of the saturated
sample was also confirmed.

There was a small difference in the initial
moistures of the samples, but not significant.

The compaction coefficient results are typical for
soils of this type, with a mean of 39.43 x 10°
cm?s and a standard deviation of 15.80 x 10°
cm?/s.

Finally, it is worth noting that all the soils present
a certain heterogeneity, which justifies certain
differences in the characteristics of the soils
collected, although from the same area and
subject, in principle, to the same conditions of
compaction.

ACKNOWLEDGEMENTS

The first author thanks APES (Coordination for
the improvement of Higher Education Personnel)
for the financial assistance. The second and forth
author thanks CAPES, FAPERJ, CNPg and
DAAD for their constant support.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Andersen KH. Cyclic soil parameters for
offshore foundation design. Third ISSMGE
McClelland Lecture. Frontiers in Offshore
Geotechnics Il —, Oslo, 2015;1.

2. BS 1377-8. Methods of test for soils for
civil engineering purposes — part 8: shear
strength tests (effective stress). British
Standards Institution, London; 1990.

3. Coelho PALF. Caracterizacdo geotécnica
de solos moles. Estudo do local
experimental da Quinta do Foja (Baixo
Mondego). Dissertacdo de Mestrado,

12



10.

Ramos and Mabhler; Asian Soil Res. J., vol. 7, no. 2, pp. 9-13, 2023; Article no.ASRJ.98601

Dep. Eng.2 Civil da FCTUC, Coimbra;
2000.

Coutinho RQ, Bello MIMCV. Analysis and
Control of the Stability of Embankments on
Soft Soils: Juturnaiba and Others
Experiences in Brazil. Soils & Rocks, v.
2011;4:331-351.

Dyvik R, Berre T, Lacasse S, e Raadim
B. Comparison of truly undrained
and constant volume direct simple
shear tests. Géotechnique, v. 1987;37(1):
3-10.

Merighi JV, Alvarez Neto L, Fortes RM.
Control of soil compaction through the
mini- MCV [/ HILF test. In: XXII Anual
Paving Meeting; 1987.

Ramos VLFS. Determination of resistance
parameters of contaminated compacted
tropical soils in the state of Rio de Janeiro.
In: International Journal of Advanced
Engineering Research and Science
(IJAERS). 2018;5(7):76-83.

Schoder KR. Determinagdo de Parametros
Geotécnicos (¢’ e ®) de Misturas de Solo
Estabilizado por Meio de Cisalhamento
Direto e Compressao Triaxial’. Dissertagédo
de M.Sc, COPPE/UFRJ, Rio de Janeiro;
2017.

Simms PH, Yanful EK. Predicting soil-
water characteristic curves of compacted
plastic soils from measured pore-size

distributions. Géotechnique. 2002;52(4):
269 - 278.

Stein K, Budny J, Hartmann D,
Tapahuasco FC. Determination  of

11.

12.

13.

14.

15.

Geotechnical Parameters (c and F) of a
lateritic soil with different lime and rice
husk ash contents. In: XVI Nacional
Conference of Geotechnical /
6asPortuguese-Spanish Geotechnical Day.
Ponta Delgada, Portugal; 2018.

Vaz LF. Classificacdo genética dos solos e
dos horizontes de alteracdo de rocha em
regioes tropicais. Soil and Rocks. 1996;19

(2):117-136.
Leao LA, Fortes RM. Estudo da
variabilidade da resisténcia ao

cisalhamento de alguns solos classificados
segundo a mct (miniatura, compactado,
tropical) para dois niveis de energia:
Normal e intermediaria. VIl Jornada de
Iniciacdo Cientifica. Universidade
Presbiteriana Mackenzie; 2011.
Kavazanjian E, Jr. Seismic design of solid
waste containment facilities. In
Proceedings of the 8th Canadian
Conference on Earthquake Engineering.
Vancouver, BC, June 1999. Google
Scholar. 1999;51-89.

Zhao YR, Xie Q, Wang GL et al. A
study of shear strength properties of
municipal solid waste in Chongging
landfill, China. Environmental Science
and Pollution Research. 2014;21(22):
12605-12615.

Nascimento V. Caracteristicas  de
Adensamento da Argila do Canal do Porto
de Santos na Regido da llha Barnabé,
Dissertacdo de Mestrado, COPPE/UFRJ,
Rio de Janeiro, Brasil; 2008.

© 2023 Ramos and Mahler; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/98601

13


http://creativecommons.org/licenses/by/4.0

