Empirical Models for the Determination of the Compression
Index from the Limits of Atterberg: Case of the soils of the
Issaba depression in Benin

ABSTRACT

The good realization of any infrastructure in civil engineering requires the implementation of
geotechnical investigations. During these investigations, the physical properties of the soil,
especially the mechanical ones, must be determined with care and precision because of their
capital importance in the preliminary studies before the realization of the work. The soil
compression index is one of these mechanical parameters, which is determined by laboratory
tests. It allows the calculation of settlements and is therefore essential especially for fine clay
or silty soils which are often subject to swelling phenomena. However, the realization of the
test to find the compression index in laboratory takes time, and the test itself-proves delicate.
Several authors have therefore proposed the determination of-this index from the limits of
Atterberg, which can be obtained more quickly and easily. Through this study, empirical
models have been proposed to easily calculate the compression index. Regression analyses in
Matlab with 2D and 3D graph systems were performed for this purpose. The model was
established for the soils of the Issaba depression in the Republic of Benin, where clayey and
silty soils are very swelling. The models obtained show very good correlations with R?
coefficients higher than 0.80 and the RMSE error minimized to less than 0.5.

Keywords : empirical model ; correlation; regression’; compression index ; Atterberg limits ; Issaba
depression

1-INTRODUCTION delicate. Several authors have therefore

A sustainable realization of any proposed the determination of this index

infrastructure requires the implementation
of geotechnical investigations. During
these investigations, the physical properties
of the soil, “especially the mechanical
properties, must be determined with care
and precision . because of their crucial
importance in the preliminary studies for
the realization of the work. The soil
compression index is one of these
mechanical parameters, which is
determined by laboratory tests. It allows
the calculation of settlements and is
therefore essential especially for fine clay
or silty soils which are often subject to
instability phenomena. However, it takes
time to carry out the laboratory test to find
the compression index, and the test itself is

from the Atterberg limits, which can be
obtained more quickly and easily.

Correlations and empirical
relationships are wused extensively in
geotechnical engineering. The use of
correlations and empirical relationships
provides a fast, cost-effective means of
predicting the value of a parameter based
on the values of some other, possibly more
easily determined, parameters provided
that the appropriate correlations are
employed. Generally, the more easily
obtained parameters are correlated to the
difficult to obtain parameters. The
correlation between two or more soil
properties has been found to be dependent
in varying degrees on soil type, the testing
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method used to obtain the numerical value
of the parameter itself and the
homogeneity of the soil [3]. Many
correlations between soil properties have
been published. In the last decay, many
researches were performed to correlate the
physical properties with the mechanical
properties [1].

Knowledge of the consolidation
properties of a soil is important in
geotechnical design, particularly as they
relate to settlement of structures. These
properties are usually determined by
oedometer testing, and determined in terms
of the compression index Cc and
recompression index Cs. Compression
index (Cc) is one of the salient parameters
which the geotechnical engineer seeks to
unravel to establish the safety of the
proposed structure immediately after
construction and during the life time of the
structure [4].

Compression  index value is
required by the geotechnical to determine
the soft clay soil settlement. [5]. The
compression index Cc is an important one-
dimensional compressibility parameter
with particular relevance to . primary
settlement  calculations for  normally
consolidated or lightly .overconsolidated
natural soils [6].

However, the value of Compression
index testing in the laboratory requires
much more time and the cost of laboratory
testing is relatively. expensive compared to
other soil “characteristics testing. For
comparison,-the calculation of unit weight
and.void ratio can be completed within 1-2
day, while the calculation of the
Compression index with one-dimensional
consolidation test in laboratory is
completed in more than 1 week [5]. The
cost of consolidation testing is relatively
high compared to other common
engineering tests and may be considered
cost prohibitive for very small projects.
Hence it is cost effective to develop
correlations between consolidation
properties and other easily obtained

properties, like the index properties. In
view of the cost implications of the
consolidation test, investigators have
correlated the consolidation properties of
soils and other easily and cheaply obtained
properties, like the index properties [7].
Whereas planners and engineers usually
needed that data quickly, so the use of the
empirical formula is preferred [5].

Index properties of soil.-such as
Atterberg Limits, moisture content and
initial void ratio are basic  properties of
soils. Therefore, it is possible to-use these
index properties to predict the compression
index of the soil. Empirical.models relating
various  index - properties to the
compression index have been presented by
many researchers “[4] . The oldest
correlation:.models were established by
Skempton (1944) 18] for Remoulded clays,
Nishida (1956) [9] and Yamagutshi (1959)
[10] for Various clay , Peck and Reed
(1954) [11] for Chicago clays , Hough
(1957) [12] and Moran et al. (1958) [13]
for-Organic soils, Cozzolino (1961) [14]
for Brazilian clays, Terzaghi and Peck
(1967) [15] for Normally consolidated
clays. We can also mention Sowers (1970)
[16] for Soils with low plasticity , Azzouz
et al (1976) [17] for Various clay, Wroth
and Wood (1978) [18], Bowles (1979) for
Organic silt and clays [19] , Al-Khafaji and
Andersland (1992) [20], Hong and
Onitsuka (1998) [21] and many others.

Many researchers have used linear
regression to establish empirical models
between soil parameters. We can mention
Yoon et al. (2004) [22] who proposed
regression  models  for  predicting
compression index for marine clay, Abbasi
et al (2012) [23] used regression analysis
to predict the compression behavior of
normally consolidated fine grained soil,
and Nihad (2020) [1] who ajusted the
equations of Rashed et al (2017) [24]. In
addition, Yildirim and Gunaydin (2011)
[25] concluded that, the correlation
equations obtained as a result of regression
analyses are in satisfactory agreement with
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the test results and recommended that the
proposed correlations will be useful for a
preliminary design of a project where there
is a financial limitation and limited time. It
is evident in literature that prediction of
compression index with regression analysis
has proved to be successful and widely
accepted [4].

Correlations are widely referenced by
geotechnical designers, although strictly
they should not be applied to soils
elsewhere without considering the soil
origin and sampling method [17]. In the
south of Benin, a median depression called
Lama depression, subdivides the bar land
plateaus into two groups [26]. In this
depression is found clay soils with high
swelling potential, which generate various
disorders in the infrastructure as mentioned
(Gbaguidi et al, 2011) [27] and (Tankpinou
kiki, 2004) [28]. In addition, (Agbelele et
al, 2016) [28] showed that east of this
depression, the soils are composed of silt
and clays of illite and montmorillonite
type. Their swelling potential and
pathological risk were found to be high
[29] . Therefore, this current study presents
empirical models involving the
compression index and Atterberg limits of
soils in the Issaba depression, using linear
regression analysis. The models
established in this study can be used to
predict the compressive, ~index for
preliminary designpurposes and also to
verify the accuracy of consolidation tests
in this depression.

2. MATERIALS AND METHODS
2.1 DESCRIPTION OF STUDY AREA

The Republic of Benin extends
perpendicularly to the coastline of the
Gulf of Benin between the meridians 1°
and 4° and the parallels 6° and 12° north.
Narrowly constricted south of the 9th
parallel by Togo and Nigeria (average
width 120 km), it extends further north to

the borders of Burkina Faso and Niger.
The Median Depression is the great
depression crossing southern Benin from
west to east in a southwest-northeast
direction. This depression leaves Nigeria,
crosses Benin and continues into Togo
according to (Mondjannagni, 1977) cited
by (Agbelele, 2017) [26]. The median
depression is oriented generally from
west to east and forms a vast furrow 130
km long and varying in width.from 5 km
(Tchi) to 25km (lssaba). It “iscalled
Issaba depression in the east, Ko
depression in the center Land Tchi
depression in the west. It constitutes a
low region with an altitude of less than 50
m, with clay soil [28].

2.2 SAMPLING AND
ANALYSIS

QUALITY

The data used for the study consist of
laboratory results of soils sampled during
geotechnical investigations in the localities
of Masse, Onigbolo, Avissa, Ita-1téle,
Issaba, Illémon, Kounotcho, Adogon, and
Kpoulou of the depression depths variants
from 0 to 3 m. The parameters such as the
compression index, the liquidity limit, the
plasticity index (PI), the plasticity limit
(PL) have been determined to identify and
characterize the nature of the soils of each
site. In their 2016 study on the physico-
mechanical characterization of clay soils
and the Issaba depression in southeastern
Benin published in the article Afrique
Science, vol 12 n°2, Agbelele et al showed
that the soils of Adogon, Kpoulou,
Onigbolo, Issaba and Illémon are very
plastic clays of class A-7-5 (according to
my AASHTO classification) ; and in the
other localities, clays of class A-7-6. Silt is
also found in the Kpoulou, Issaba and
[llémon areas.

These data presented in Table 1 were used
for the present study to determine the
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modulus of compression by an empirical
model from the parameters of the
Atterberg limit in the same area.

The compression index values are taken
from table 1 [28] and the liquid limit and
plasticity limit values are taken from table
3 [28]. The liquid limit is obtained through
the difference between the liquid limit and
the plasticity index.

From this results the table 1 below used in
the context of this presentwork.

Table 1 results of the tests used

Sj Deepht Compression  Liquidity dimit Pl_astlmty PIa.St'F'ty
ites (m) index (Cc) LL index limit
Pl PL
0,00-0,40 0,82 70 43 27
llemon 0,40-1,00 0,352 86 57 29
1,00-2,00 0,359 86 46 40
2,00-3,00 0,357 91 48 43
0,00-0,40 0,345 110 75 35
lssaba 0,40-1,00 0,355 92 37 55
1,00-2,00 0,327 79 49 30
2,00-3,00 0,34 89 31 58
0,00-0,40 0,56 75 41 34
Onigholo 0,40-1,00 0,49 68 39 29
1,00-2,00 0,59 77 45 32
2,00-3,00 0,48 70 40 30
0,00-0,40 0,375 74 39 35
Kpoulou 0,40-1,00 0,358 107 40 67
1,00-2,00 0,363 95 45 50
2,00-3,00 0,416 55 31 24
0,00-0,40 0,28 80 61 19
lta-licla 0,40-1,00 0,27 91 63,2 28
1,00 -2,00 0,25 93 56 37
2,00-3,00 0,27 84 55 29
0,00-0,40 0,29 88 62 26
Masse 0,40-1,00 0,28 92 65 27
1,00-2,00 0,26 86 62 24
2,00-3,00 0,28 95 65 30
0,00 -0,40 0,31 46,4 26,3 20
Adogon 0,40-1,00 0,29 50 27 23
1,00-2,00 0,33 45 26,8 18
2,00-3,00 0,35 50 25 25
Avissa 0,00-0,40 0,28 91 60 31
0, 40-1, 00 0,285 92,7 62 31




1,00 -2,00 0,3

2,00-3,00 0,297
0,00-0,40 0,27
Kounotcho 0,40-1,00 0,31
1,00-2,00 0,32
2,00-3,00 0,29

89,78 63 27
92 62 30
69 46 23
75 48 27
79 50 29
70 44 26

2.3 ANALYTICAL METHODS

Linear regression was used to
establish correlation models between
the compression index and the
parameters of the Atterberg limit such
as: the compression index, the liquidity
limit, the plasticity index

Linear Regression is a statistical
tool for the investigation of
relationships ~ between  dependent
variable and independent variables.
The dependent variables are used to
predict the independent variables; the
aim of linear regression is to find the
value of intercept and slope of the line
that best predicts independent variables
from dependent variables. The form of
the regression equationwis commonly
written as [4]:

Y=MX+C

where Y is. “the. ‘independent
variable, X-is the dependent variable;
M and C are the slope and intercept of
the regression: equation respectively.
The " regression  procedure finds
estimates. of the C and M by a
minimization process. This
minimization is done by minimizing
the sum of squares of the vertical
distances between the data points and
the best-fit line in X-Y space. [28].

The predictive performance is
judged by the coefficient of
determination, R For example an R
value of 0.5 means that 50 percent of
the variation in Y is being explained by

the X variable. R? values vary between
0.0 and 1.0. An R? value of 0.0 means
that the X variable has no predictive
advantage (i.e., there is.no  correlation
between X and'Y. An R? value of 1.0
means that the X variable is a perfect
predictor of Y, with no variation (i.e.,
there is a perfect correlation between X
and Y) .[28]. The \validity of
correlations was also assessed on the
basis .of root mean square error
(RMSE). RMSE is the square root of
the average the squared difference
between the values calculated using a
correlation and the corresponding
observed values determined from
laboratory tests. Errors in RMSE are
squared before they are averaged;
consequently, relatively high weight is
given to large errors. This means the
RMSE is most useful when large errors
are particularly undesirable [7]. The
RMSE has been used many researchers
to evaluate the performance of
empirical equations like Park and Lee
(2011) [29], Ahadiyan et al (2008)
[30], Ozer et al (2008) [30], and many
others .

To conduct the regression analysis,
Matlab R2020a software was used
using 2D graph systems for the
relationships  between Cc  and
respectively LL, PL, Pl. A 3D graph
system was then used to find the
relationship between the three soil
properties. The least squares method
was used as well as the degree 1
polynomial model for each of the
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variables. The 3D trend was center and scale.

3 RESULTS AND DISCUSSIONS
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Fig. 1 Trend curves for the linear models of the the compression index against , a Liquidity
limit, b Plasticity limit, ¢ Plasticity index
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Fig. 2 Trend curves 3D for the polynomial models of degree 1, d Determination Cc via LL
and PL, e Determination Cc via LL and PI, f Determination Cc via PL and PI



Table 2 Summary of Regression Analyses

Independent Empirical Model R’ R’ RMSE
Variable adjusted

Plastic Limit — PL Cc =-0,001607 PL + 0,2666 0,9006 0,8976 0,03614
Plasticity Index — Pl Cc =-0,002678 PI + 0,4541 0,9103 0,9076 0,03433
Liquid Limit - LL Cc =-0,0002941 LL+0,3432 0,9045 0,9017 0,03542
LL and PL Cc=0,3228-0,02674 LL - 0,03595 PL 0,8209 0,81 0,04924
PL and PI Cc=0,3228 + 0,01798 PL - 0,02192 PI 0,8209 0,81 0,04924
LL and PI Cc=0,3228 + 0,02674 LL - 0,04384 PI 0,8209 0,81 0,04924

The graphs indicate that there is a
significant level of correlation between the
compression index and the other
parameters. The points are well distributed
around the regression line or plane. The
coefficient of determination R? is close to 1
(greater than 0.8) and confirms the
existence of a high correlation between the
variables. The coefficient equal to 0.8209
for the 3D analysis means that about
82.09% of the variables LL, PL and PI can
be predicted by Cc, and about 90% in 2D
analysis. As for the RMSE error, it has
been minimized to a value lower than 0.5.
We also note that the values of R?, adjusted
R? and RMSE are identical for the 3D
analyses, as well as the constant-value of
the relation which is equal to 0.3228.

4 CONCLUSION

The study carried out showed the
possibility of~ reliably predicting the
compressive  index of clayey soils, which
can be difficult to determine, by means of
settlements by the odometer method,
where ‘this.index is included in the
calculation.

REFERENCES

1.M. Uzielli, S. Lacasse, F. Nadim et K.-K.
Phoon, «Soil variability analysis for
geotechnical practice,» Conference of
Singapore: Proceedings of the 2nd
International Workshop on

the Atterberg limit tests that can be easily
performed. The linear regression analysis
performed with a 2D graph system,
obtained relationships between Cc and LL,
Pl and PI respectively with a-high R?. This
confirmed the good correlation between
the variables. With-3D graph systems, it
was observed -that Cc can be predicted
almost-82% from LL, PL and PIl. With
such high coefficients of determination and
RMSE minimized to less than 0,5. The
models developed in this study can
therefore be used to accurately predict the
soil. compression index in the Issaba
depression in Benin. These models can
therefore be wused to estimate this
mechanical parameter during preliminary
studies. The determination of the
compression index from these models can
contribute to the calculation of foundation

Characterization and engineering
properties of natural soils, p. 1653-1752,
2006.

2.B. S. Nihad, «Corrélations des
caractéristiques géotechniques pour les
sols a grains fins,» Série de conférences
IOP : Science et génie des matériaux,
2020.

3. C. Akayuli et B. Ofosu, «Empirical
Model for Estimating Compression Index
from Physical Properties of Weathered

8



Birimian Phyllites,» Journal of
Geotechnical Engineering, vol. 18, 2013.

4. P. T. K. Sari et Y. K. Firmansyah, «The
Empirical  Correlation  Using  Linear
Regression of Compression Index for
Surabaya Soft Soil,» Advances in
Structural Engineering and Mechanics,
2013.

5. B. A. McCabe, B. B. Sheil, M. Long, F.
J. Buggy et E. Farrel, «Empirical
correlations for the compression index of
Irish soft soils,» Institution of Civil
Engineers, Geotechnical Engineering, vol.
167, n° %16, p. 510-517, 2014.

6. S. Onyejekwe, X. Kang et L. Ge,
«Assessment of empirical equations for the
compression index of fine-grained soils in
Missouri,»  Bulletin of  Engineering
Geology and the Environment, vol. 74,
n° %13, pp. 705-716, 2015.

7. A. W. Skempton et O. Jones, «Notes on
the Compressibility of Clays,» Journal of
the Geological society , wvol. 100,
n° %11&2, pp. 119-135, 1944.

8.Nishida, «A brief note ‘on the
compression index of soil,» Journal of the
Soil Mechanics and Foundations Division,
vol. 82, n° %13, pp. 1-14, 1956.

9. Yamagutshi et. H. T.R., «Characteristics
of alluvial clay,» Report of Kyushyu
Agriculture Investigation Center of Japon ,
vol. 5, n®:%214, pp. 349-358, 1959.

10.-Peck-et Reed, «Engineering properties
of 'Chicago subsoils,» In Engineering
Experiment Station, University of Illinois,
n° %1Bulletin 423, 1954.

11. H. B, «Basic soils engineering,» The
Ronald Press Company, 1957.

12. Moran, Proctor, Mueser et Rutledge,
Study of deep soil stabilization by vertical
sand drains, Department of the Navy:
Bureau of Yards and Docks, 1958.

13. C. VM, «Statistical forecasting of
compression index,» Proceedings of the
5th international conference on soil
mechanics and foundation engineering,
vol. 1, p. 51-53, 1961.

14. K. Terzaghi et R. Peck, «Soil
Mechanics in Engineering Practice,» John
Wiley, 1967.

15. S. GB, Introductory soil mechanics and
foundations, 3e éd., C. Limited, Ed.,
London: The Macmillan Company, 1970,
p. 102.

16. A. S. Azzouz, R Krizek et R. Corotis,
«Regression Analysis of Soil,» Soils and
Foundations, vol. 16, n®%12, p. 19-29,
1976.

17. C..P. Wroth et D. M. Wood, «The
correlation of Index Properties with Some
Basic Engineering Properties of Soils,»
Canadian Geotechnical Journal, vol. 15,
n®9%3212, pp. 137-145, 1978.

18. J. Bowles, Physical and Geotechnical
Properties of Soils, New York: McGraw
Hill, 1979, p. 478.

19. A. Al-Khafaji et A. OB, «Equations for
compression index  approximation,»
Journal of Geotechnical Engineering, vol.
118, n° %11, p. 148-153, 1992.

20. Z.-S. Hong et K. Onitsuka, «A Method
of Correcting  Yield Stress and
Compression Index of Ariake Clays for
Sample Disturbance,» Soils and
Foundations, vol. 38, n° %12, pp. 211-222,
1998.

21. G. L. Yoon, B. T. Kim et S. S. Jeon,
«Empirical correlations of compression
index for marine clay from regression
analysis,» Canadian Geotechnical Journal,
vol. 41, n° %16, pp. 1213-1221, 2004.

22. N. Abbasi, A. A. Javadi et R.
Bahramloo, «Prediction of compression
behaviour of normally consolidated fine-

9



grained soils,» vol. 18, n° %11, pp. 6-14,
2012.

23. K. A. Rashed, N. B. Salih et T. A.
Abdalla, «Correlation of Consistency and
Compressibility Properties of Soils in
Sulaimani City,» Sulaimani Journal for
Engineering Sciences, vol. 4, n° %15, pp.
87-95, 2017.

24. B. Yildirim et O. Gunaydin,
«Estimation of california bearing ratio by
using soft computing systems,» Expert
Systems with Applications, vol. 38,
n° %15, pp. 6381-6391, 2011

25. K. Agbelele, Etude intégrée des sols
instables en vue de la maitrise du
phénoméne de gonflement : cas de la
dépression de la Lama au Bénin, ECOLE
DOCTORALE DES SCIENCES DE
L’ INGENIEUR: Université d’Abomey-
Calavi, 2017.

26. Gbaguidi, V. Zevounou, T.  Kiki,
Hendrix et Bolle, «Study of the
phenomenon of swelling of clay soils in
the coastal sedimentary basin in Benin,»
Journal de la Recherche Scientifique de
I'Universite de Lomé, 201.1.

27. Y. Tankpinou. KIKI, Contribution to
the development ~of Soil Stabilization
Methods: application to Lama clay soils
(Onigbolo;Benin), Doctoral thesis of 3rd
cycle . _of the Ecole  Supérieure
Polytechnique de THIES, 2004.

28. Koffi. Judicael AGBELELE, G.
Gbaguidi, A. P'Kpla et G. Degan,
«Caractérisation physico-mécanique des
sols argileux de la dépression d'lssaba au
Sud-Est du Bénin,» Afrique science, vol.
12, n° 2, 2016

29. S. F. Bartlett et H. S. Lee, Estimation
of Compression Properties of Clayey Soils
Salt Lake Valley, Utah, Utah Department
of Transportation Research Division, 2004.

30. H. Park et S. Lee, «Evaluation of the
compression index of soils using an
artificial neural network,» Computers and
Geotechnics, vol. 38, n° %14, pp. 472-
481, 2011.

31. A. J, E. J et Bajestan, «Prediction
determination of soil compression index
Cc in Ahwaz region (in Persian);» Journal
of faculty of Engineering and Technology,
vol. 35, n° %13, pp. 75-80, 2008.

32. M. Ozer;, N." Isik 'et M. Orhan,
«Statistical.-and neural network assessment
of the compression index of clay-bearing
soils,» Bulletin -.of Engineering Geology
and the Environment, vol. 67, pp. 537-545,
2008.

33.wwInstitut  Frangais de recherche
scientifique pour le développement en
coopération, Zones humides et lacs peu
profonds d'Afrique, Paris, 19809.

34. R. M. Al-Kahdaar et A. F. I. Al-Ameri,
«CORRELATIONS BETWEEN
PHYSICAL  AND MECHANICAL
PROPERTIES OF AL-AMMARAH SOIL
IN MESSAN GOVERNORATE,» Journal
of Engineering, vol. 16, n° %14, pp. 5946-
5957, 2010.

35. Z. A. Arama, M. S. Akin, S. E. Nuray
et I. Dalyan, «Estimation of consistency
limits of fine-grained soils via regression
analysis: A special case for high and very
high plastic clayey soils in Istanbul,»
International Advanced Researches and
Engineering Journal, vol. 4, n° %13, 2020.

36. Nagaraj et Jayadeva, «Critical
reappraisal of plasticity Index of Soils,»
Journal of Geotechnical Engineering, vol.
110, n° %19, 1984

10



37. N. Akio, K. Takeshi et K. Osamu,
«Constitutive Parameters Estimated by
Plasticity Index,» Journal of Geotechnical
Engineering Division, vol. 114, n° %17,
pp. 844-857, 1988.

38. G. EBE, «On the need for Geotechnical
Considerations Towards the provision of
Building Code  Suitable for the
Subgrade/Structure Interactions in Ghana,»
Journal of Building and Road Research,
vol. 7, n° %11&2, p. 48.

39. Association Frangaise de
Normalisation, XP P94-090-1, Sols

reconnaissance et essais Essai
cedométrique Partie 1 : Essai de
compressibilité sur matériaux fins quasi
saturés avec chargement par paliers, 1997.

40. Association Frangaise de
Normalisation, NF P 94-051, Sols
reconnaissance et essais. Détermination
des limites d'Atterberg. Limite de liquidité
a la coupelle - Limite de plasticité au
rouleau, 1993.

41. S. M. M. Dway et D. A. A. Thant,
«Soil Compression Index Prediction Model
for Clayey Soils,» International Journal of
Scientific Engineering and. Technology
Research, vol. 3, n° 111, pp.-2458-2462,
2014.

42. S. C. H., «Quick. Computation of
Settlement forShallow Foundations of
Alluvial Deposits,» International
Conference on - Chemical, Civil and
Environment._ Engineering,  Planetary
Scientific Research Centre, 2012.

43.S. M., A. K. et A. m. K, «Development
of  Strength  and Compressibility
Correlations of Cohesive Soils of Some
Regions in Khulna City,» International
Journal of Advanced Structures and
Geotechnical Engineering, vol. 3, n°13, pp.
242-245, 2014,

44. C. Lee, S. J. Hong, D. Kim et W. Lee,
«Assessment of Compression Index of

Busan and Incheon Clays with
Sedimentation State,» Marine
Georesources & Geotechnology, vol. 33,
n° %, pp. 23-32, 2015.

11



