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ABSTRACT 

 

Liquid limit (LL), plastic limit (PL) and shrinkage limit are frequently used as indicators of the behavior of 
cohesive soils. Various methods for consistency limit are used in practice. The objective of this paper were to 
compare and evaluate the values of consistency limit of soils from liquid and plastic limit tests and to obtain 
relationships between values of consistency limit and physical and chemical properties of soil and to determine 
the optimal soil moisture content for tillage operations without causing any damage in soil structure. The liquid 
limit of soils was determined by Casagrande method (CM), cone penetrometer method (CPM), Casagrande one-
point method (COPM) and cone penetrometer one-point method (CPOPM). Plastic limit was determined by 
standard method. At this study, 25 soils samples from each of 0-30 cm and 30-60 cm of soil profiles were 
collected. Physical and chemical properties of soil samples were determined.  
 
Keywords: Soil consistency limit methods; Physical properties; Plasticity; Workability; 
Correlation. 
 

INTRODUCTION 

 

Soil consistency limits indicate the plasticity characteristics of a soil. The main advantage of the 
concept of consistency is the opportunity to reliably check the soil behavior in the field (Boden, 
1994). Plasticity is an inherent property of cohesive soils. Plasticity of a soil is represented behaviour 
of soil again applied forces to soil. 
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The soil plasticity is determined by observing the different physical states that a plastic soil passes 
through as the moisture conditions change. The boundaries between the different states, as 
described by the moisture content at the time of change, are called consistency limits or Atterberg 
limits. The Atterberg test cannot be applied for sands and fibric soils. The liquid limit is the moisture 
content corresponding to the arbitrary limit between the liquid and plastic states of consistency of a 
soil. Above this value, the soil is presumed to be a liquid and behaves as such by flowing freely under 
its own weight. Below this value, it deforms under pressure without crumbling, provided the soil 
exhibits a plastic state. Liquid limit were determined by Casagrande, cone penetrometer, Casagrande 
one-point and cone penetrometer one-point methods. The plastic limit is the moisture content at an 
arbitrary limit between the plastic and semisolid state. It is reached when the soil is no longer pliable 
and crumbles under pressure. The plastic limit is determined by the rolling thread method. Between 
the liquid and plastic limits is the plastic range.The numerical difference in moisture content between 
the two limits is called the plasticity index.  

 

The mechanisms controlling the liquid limit of montmorillonitic and kaolinitic soils are different. The 
percussion method is well suited to the liquid limit of montmorillonitic soils.The cone method is suits 
to the liquid limit of kaolinitic soils. (Sridharan and Prakash, 2000). 

 
The evaluation of the Atterberg limits is a very basic soil mechanical test allowing a first 
insight into the chemical reactivity of clays. Basically, the liquid limit and the plasticity index 
are highly and mainly influenced by the ability of clay minerals to interact with liquids. 
(Schmitz et. all, 2004).  
 
Feng (2001) was studied on a linear logarithm–logarithm model for the fall cone penetration depth 
versus water content. At this study that both the liquid limit and the plastic limit determined from 
the linear logarithm–logarithm flow curve are in close agreement with those determined from 
conventional methods. A one-point method for determination of the liquid limit is developed from 
the model and is verified by applying statistical analysis to a large volume of experimental data 

 

The objective of this paper is to compare and to evaluate the values of consistency limit of soils from 
liquid and plastic limit test and to research relationships between values of consistency limit and 
physical and cemical properties of soil and to determine the optimal soil moisture content for tillage 
operations without causing any damage in soil structure. 

 

MATERIALS and METHODS 

 

Total of 50 soil samples were collected from the depths of 0-30 and 30-60 cm of soil profiles at the 
Sakalikesik plan in Erzurum. 

 



After sampling, the soils were stored indoors and dried until they could be crumbled to passing 
through 2 mm sieves for analyses of physicochemical properties. The soils are classified as various 
types of Ultisols according to USDA soil taxonomy (Soil Survey Staff, 1999). Soils samples were 
analyzed for pH (McLean, 1982), particle size analysis (Gee and Bouder, 1986), organic matter 
(Nelson and Sommers, 1982), cation exchange capacity (Rhoades, 1982). The results of soil 
properties measured in the investigation are presented Table 1. 

 

Table 1. Characterization of some physical and chemical properties of soil samples studied  

Mean Minimum Maximum Mean Minimum Maximum Variable 

0-30 cm  (n:25) 30-60 cm  (n:25) 

Clay, % 28.3 12 56 26 8 48 

Silt, % 34.3 21 54 36 27 56 

Sandy, % 37.6 11 52 38 12 63 

pH (1:2.5 in water) 7.50 7 8.5 7.6 7 9 

Organic matter; % 1.76 0.98 3.3 1.3 0.85 2.1 

Cation exc.capac.(cmolkg-1) 24.7 8.7 47 22. 8.6 41.8 

Plastic limit (%) 25.3 20.6 34 25 19.4 35 

 

Soil consistency limits were measured from the following tests. Liquid limit tests by the Casagrande 
method, cone penetration method, Casagrande one-point method and cone penetration one-point 
method (Head, 1992). Plastic limit tests as per the conventional rolling thread method. Plasticity 
index  of  the  soils  were  calculated  from  difference  between  the  liquid  and  the  plastic  limit  water  
contents of the soil. (Head, 1992). Skempton (1953) method was used to obtain Activity (A).  

 

Statistical analysis was performed using the correlation, regression and t-tests. (Dowdy ve 
Wearden, 1983).  
 
RESULTS and DISCUSSION 

 

Liquid Limit  

Liquid limit values were obtained for all soil samples the four different methods. The liquid limit 
methods  were  compared  with  each  other.  According  to  t-test  results  there  were  no  significant  
difference between Casagrande, cone penetrometer, Casagrande one-point and one-point cone 



penetrometer methods when comparing liquid limits values of the soil samples taken from 0 - 30 cm 
and 30 - 60 cm depths.  

 

Statistical comparison of liquid limit methods was showed Table 2. For liquid limits values of the soil 
samples taken from 0-30 cm depths the highest correlation coefficients were obtained between CM-
CPM, COPM CPOPM and CP-CPOPM (r: 0.99). The second best correlation coefficients were obtained 
between CM vs. COPM and COPM vs. CPM (r: 0.98). The lowest correlation coefficients was obtained 
between CM vs. CPOPM (r: 0,97). 

 

For liquid limits values of the soil samples taken from 30-60 cm depths, between CM and COPM with 
CPOPM  were  obtained  the  lowest  correlation  coefficients  (r:  0,91).  The  highest  correlation  
coefficients  were obtained between methods of  COPM vs.  CPOPM (r:  0.99). Sridharan and Prakash 
(2000) was observed that the cone method gives higher values at lower liquid limit ranges and lesser 
values at higher liquid limit ranges than the percussion method. For the soils of lower plasticity, the 
cone method gives values higher than those by cone penetration method. For the soils of higher 
plasticity, the cone penetration method yields higher values. Budhu (1985) has attributed the 
difference in the results between the methods (i.e., cone penetration method giving higher values 
than the cone method) to the clay content in the soil and to the behavior of the clay under different 
deformation modes imposed by the two devices. 

 

The observed difference between the liquid limits obtained by the two methods has been attributed 
to the type of clay mineral and its proportion in the clay content rather than the clay content alone. 
The clay mineral type and its proportion in the clay content decide which of the two methods gives 
higher liquid limit values than the other.  

 
Table 2. Statistical comparison of liquid limit methods 

0-30 cm 30-60 cm 
Liquid limit (LL) 

Mean Mean t-value r Mean Mean t-value r 

LLCM vs. LLCOPM 42.1 42.8 -0.26 0.98 44.1 46.0 -0.63 0.91 

LLCM vs. LLCPM 42.1 43.0 -0.39 0.99 44.1 45.4 -0.49 0.94 

LLCM vs. LLCPOPM 42.1 43.8 -0.67 0.97 44.1 46.0 -0.66 0.91 

LLCOPM vs. LLCPM 42.8 43.0 -0.08 0.98 46.0 45.4 0.20 0.98 

LLCOPM vs. LLCPOPM 42.8 43.8 -0.35 0.99 46.0 46.0 -0.20 0.99 

LLCPM vs. LLCPOPM 43.0 43.8 -0.32 0.99 45.4 46.0 -0.21 0.97 

Plasticity Index  



 

At this study plasticity index was calculated from the difference between results of four analyses 
were performed for assessing liquid limit and the plastic limit . Statistical comparison of plasticity 
index was showed Table 3. The plasticity index were compared with each other. According to t-test 
results there were no significant difference between plasticity index values calculated from results of 
different liquid limit for 0 - 30 cm and 30 - 60 cm depths.  

 

For plasticity index values of the soil samples taken from 0 - 30 cm depths the highest 
correlation coefficients were obtained between CM vs. CPM and COPM vs. CPOPM (r: 
0.99). The lowest correlation coefficients was obtained between CM vs. CPOPM (r: 0,95) 
 
For plasticity index values of the soil samples taken from 30-60 cm depths, between CM vs. CPOPM 
methods  were  obtained  the  lowest  correlation  coefficients  (r:  0,84).  The  highest  correlation  
coefficients were obtained between COPM vs. CPOPM (r: 0.99). 

 
Table 3. Statistical comparison of plasticity index values computed from liquid limit methods 
 

0-30 cm 30-60 cm 

Plasticity index (PI) Mean Mean t-value r Mean Mean t-value r 

PICM vs. PICOPM 16.8 17.5 -0.32 0.96 19.0 20.8 -0.76 0.85 

PICM vs. PICPM 16.8 17.7 -0.48 0.99 19.0 20.2 -0.61 0.90 

PICM vs. PICPOPM 16.8 18.5 -0.82 0.95 19.0 20.8 -0.82 0.84 

PICOPM vs. PICPM 17.5 17.7 -0.09 0.97 20.8 20.2 0.24 0.97 

PICOPM vs. PICPOPM 17.5 18.5 -0.43 0.99 20.8 20.8 -0,25 0.99 

PICP vs. PICPOPM 17.7 18.5 -0.40 0.97 20.2 20.8 -0.26 0.94 

 

Activity  

 

At this study activity was calculated by division to clay content of  plasticity index. Statistical 
comparison  of  activity  was  showed  Table  4.  According  to  t-test  results  there  were  no  significant  
difference  between  activity  values  calculated  for  0  -  30  cm  and  30  -  60  cm  depths,  according  to  
different liqud limit methods.  

For activity values of the soil samples taken from 0 - 30 cm depths the highest correlation coefficients 
were obtained between of CPM vs. CPOPM (r: 0.99). The lowest correlation coefficient was obtained 
between methods COPM vs CPM (r: 0.95). 



For  activity  values  of  the  soil  samples  taken  from  30-60  cm  depths,  between  CM  vs.  COPM  were  
obtained the lowest correlation coefficients (r: 0,85). The highest correlation coefficients were 
obtained between COPM vs. CPOPM and CPM vs. CPOPM (r: 0.95). 

Table 4. Statistical comparison of activity values computed from plasticity index and clay 
content  

0-30 cm 30-60 cm 

Activity (A) Mean Mean t-value r Mean Mean t-value r 

ACM vs. ACOPM 0.66 0.68 -0.18 0.97 0.80 0.85 -0.68 0.85 

ACM vs. ACPM 0.66 0.70 -0.48 0.98 0.80 0.85 -0.65 0.93 

ACM vs. ACPOPM 0.66 0.72 -0.72 0.97 0.80 0.87 -0.88 0.86 

ACOPM vs. ACP 0.68 0.70 -0.28 0.95 0.85 0.85 0.05 0.93 

ACOPM vs. ACPOPM 0.68 0.72 -0.52 0.98 0.85 0.87 -0.20 0.95 

ACP vs. ACPOPM 0.70 0.72 -0.24 0.99 0.85 0.87 -0.26 0.95 

 

The Relationships Between Liquid Limit, Plasticity Index and Activity Values and Soil Properties. 

 

Table 5. presented regression coeficients (a and b) and correlation coefficients (r) determined for 
relationships between liquid limits, plasticity index with activity and clay content, and cation 
exchange capacity values of the soil samples taken from 0 - 30 cm and 30 - 60 cm depths  

 

There were positive significant correlation between clay content and liquid limit determined by 
different methods. The correlation coefficients in the 0–30 cm layers are higher than in the 30-60 cm 
layers  

 

There were positive significant correlation between clay content and plasticity index calculated from 
liquid limit values determined by different methods. There were negative significant (P<0.01) 
correlation between clay content and activity values calculated from plasticity index and clay 
content. 

 

There were also positive significant (P<0.01) correlation between cation exchange capacity and liquid 
limit determined by different methods. There were positive significant correlation between cation 
exchange capacity and plasticity index. There were negative significant correlation between cation 
exchange capacity and activity.  



 

Sridharan and Prakash (2000) were emphasised that the liquid limit obtained by the cone 
penetration method can be more than that obtained by the cone method even at very low clay 
contents. The cone method liquid limit can be more than the cone penetration method liquid limit 
even at high clay contents. Soil consistency limits were effected by dominant clay minerals, clay 
content, exchangable cation type and organic matter content of soils (Odell ve ark.,  1960 Farrar ve 
Coleman, 1967; Munsuz, 1985). 

 

Plasticity and Workability 

 

Plasticity  behavior  of  the soil  samples  taken from 0 -  30 cm were determined from plasticity  chart  
(Figure 1).  At  this  study 64% of  soil  samples  positioned between 30%-50% of  liquid  limit  scale  and 
upper A-line which are medium plasticty zone, 24% of soil samples positioned between 30%-50% of 
liquid limit scale and bottom A-line. The soil samples 12% positioned high plasticty zone of the 
plasticity chart. Based upon these results, about 75 % of the soils studied could be tilled without 
causing any structural deformation at placticity moisture content. Petelkau (1984), reported that 
water content for optimum workability was related to the water content at a tension of -5 kPa. 
According to these findings, clay soils were workable in the range of 50–65%, loam soils in the range 
of  40–75%  and  loamy  sands  in  the  range  of  20–85%  of  the  water  content  at  -5  kPa.  The  soil  
workability status is clearly related to the moisture content at the plastic limit according to Atterberg 
(Canbolat ve Oztas, 1997; Mueller and Schindler, 1998b and Dexter and Bird, 2001). 

 

Table 2. Regression coeficients (a, b) and correlation coeficients (r) determined for the relationships 
between liquid limit, plasticity index and activity values and soil properties. 

 

0-30 cm 30-60 cm Independent 
variables 

Dependent 
variables 

r a b r a b 

LL (CM) 0,64** 28,89 0,47 0,56** 32,11 0,46 

LL (COPM) 0,63** 26,65 0,57 0,50* 30 0,62 

LL (CPM) 0,64** 30,37 0,45 0,52** 32,39 0,50 

LL (COPM) 0,64** 28,37 0,54 0,47* 32,04 0,54 

       

Clay 

PI (CM) 0,39NS 10,38 0,23 0,43* 11,58 0,29 



PI (COPM) 0,44* 8,13 0,33 0,42* 9,47 0,44 

PI (CPM) 0,37NS 11,86 0,20 0,41* 11,86 0,32 

PI (COPM) 0,44* 9,86 0,30 0,39NS 11,51 0,36 

       

A (CM) -0.61** 1,12 0,016 -0,64** 1,24 0,017 

A (COPM) -0.51** 1,08 0,014 -0,40* 1,19 0,013 

A (CPM) -0.68** 1,22 0,018 -0,62** 1,32 0,018 

A (CPOPM) -0.61** 1,20 0,017 -0,55** 1,34 0,018 

       

LL (CM) 0,67** 28,44 0,55 0,56** 31,51 0,56 

LL (COPM) 0,65** 26,28 0,67 0,50* 29,14 0,74 

LL (CP) 0,66** 30,02 0,52 0,52** 31,73 0,60 

LL (COPM) 0,66** 28,16 0,63 0,48* 31,19 0,65 

       

PI (CM) 0,47*   9,12 0,31 0,42* 11,41 0,33 

PI (COPM) 0,50*   6,95 0,43 0,48* 9,04 0,52 

PI (CPM) 0,45* 10,69 0,28 0,40* 11,63 0,38 

PI (COPM) 0,50*   8,83 0,39 0,39NS 11,09 0,43 

       

A (CM)  -0,46* 1.00 -0,014 -0,64** 1,27 -0,020 

A (COPM) -0,37NS 0,96 -0,011  -0,41* 1,21 -0,016 

A (CPM) -0,53** 1,10 -0,016 -0,62** 1,35 -0,022 

CEC 

A (CPOPM)  -0,46* 1,08 -0,014 -0,54** 1,36 -0,021 

Signicant at * P < 0.05, **  P < 0.01, NS: no significant. 

 



 

Figure 1. Distribution of soil samples on plasticity chart. 

 

CONCLUSION 

 

In the present study, liquid limit, plasticity index and activity values were obtained for all soil samples 
by different four methods. The liquid limit methods were compared with each other. According to t-
test results there were no significant differences in liquid limit, plasticity index and activity values 
between Casagrande, cone penetrometer, Casagrande one-point and one-point cone penetrometer 
methods. Significant correlation coefficients between the methods were obtained. Tillage operations 
without causing any damage in soil structure could be succeded at 25 % optimal moisture content 
levels of the soils studied. 
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