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Abstract: In the field of construction, performing laboratory tests of soil mechanics and geotechnics is a key step. Tests 

performed on undisturbed soil samples are sometimes required. The major difficulty in the success of these tests is in the 

prevention of any change in the state of these materials which may be due to coring, transport and sampling in the laboratory 

conditions. Physical factors, such as rainfall, temperature, are ones of the most which can change samples natural state. To 

facilitate obtaining the parameters of the mechanical behavior of undisturbed samples, this paper proposes to establish 

correlations between shear strengths of disturbed samples and those of undisturbed samples of tropical soils of Burkina Faso. 

Shear tests were performed using the Casagrande cell on disturbed and undisturbed samples from Kamboinsé; Loumbila and 

Saba sites. The tests carried out were Unconsolidated-Undrained; Consolidated-Undrained and Consolidated-Drained. For each 

test, linear correlation between shear strengths of disturbed and undisturbed samples was etablished under similar moisture 

content conditions. Results displayed a good correlation between shear strengths of undisturbed samples and those of disturbed 

samples. All correlation coefficients are greater than 0.9. Samples particles sizes distributions and their clay content did not have 

significant impacts on shear strengths. 
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1. Introduction 

In engineering, the study of soil behavior requires the 

collection and determination of physical and mechanical 

parameters such as: identification; deformability; shear 

strength and permeability. 

Measurement of all these parameters on field, on a 

sufficient number of points allowing a complete study of 

building projects, is often difficult. Geotechnical 

investigations are most often limited to certain parameters. To 

contribute effectively to complementary parameters 

production, correlations between soil parameters have been 

developed. 

Correlations that can be established between the physical 

and mechanical parameters of the soils are more or less 

general but their validity is often limited to the studied soil 

type. This technique is very useful in geotechnical studies. It is 

used to supplement data and test the probability of the results 

of field and laboratory tests. 

Many correlations have been established between soil 

consistency parameters and its mechanical parameters [1-3] or 

between its different mechanical parameters [3-6]. 

Based on results of Proctor and Oedometric tests performed 

on a set of 70 samples from different types of soil material, 

Fleureau et al. [7] established correlations at Normal and 

Modified Proctor Optimum (OPN and OPM) between clay 

soil properties: liquid limit and negative pore pressure; 

negative pore pressure and void ratio. These correlations are 

all in agreement with those previously proposed by other 
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authors [8, 9, 10]. From compacted soils and using the 

modified Cam Clay model [11], correlations linking the 

compressibility parameters (Cc and Cs) and the Atterberg 

limits (WL) were revealed [12]. A correlation between shear 

strength and natural water content of Gulf of Guinea 

sediments is observed by laboratory measurements [13]. The 

peak of shear strength corresponds to a decrease in the natural 

moisture content. 

Dolinar and Skrabl [14] propose some elementary relations 

between the mechanical properties of normally consolidated 

disturbed soils and the Atterberg limits. The authors found that 

the plasticity index (IP) of the different clays they studied was 

closely related to the liquidity limit (WL). This relationship 

further clarifies the general classification of silts and clays 

proposed by Casagrande [15]. 

In any geotechnical investigation involving soils such as 

clay, undrained shear strength σu and preconsolidation 

pressure σ'p are relevant parameters in evaluating soil 

mechanical behavior. The first, although one of the most 

difficult to be accurately determined, both in-situ as well as in 

laboratory is also the most important factor. The correlation 

between σ'p and σu have long been used to predict soil behavior. 

These correlations, linking two or more parameters of 

mechanical behavior of soils, have been proposed by many 

researchers [16-18]. Hansbo [18] proposed a correlation based 

on WL. The correlation was originally found for σp
’
 but the 

correlation has since been considered to be equally applicable 

to σv
’
 (Present Effective Vertical Stress). The clays present in 

Hansbo’s study had not been influenced by over consolidation, 

which means the correlation is primarily defined for OCR 

(Over Consolidation Ratio) =1. 

About correlations between σu and σp
’, 

Karlsson and Viberg 

[19] found no unique relationship and concluded that there are 

several factors influencing undrained shear stress. However, 

Mesri [20] proposed that the relationship between σu and σp
’
 

can be constant, which the more recent study by D'Ignazio et 

al. [4] proved. 

The cone penetration test has also been used for a long time 

to explore the behavior of the soil, determining its bearing 

capacity [21] and one of the first applications concerned the 

undrained shear strength of soft soils. Applying one of the 

theoretical proposals for bearing capacity theory [22, 23], the 

undrained shear strength can be obtained very similarly in 

each of them and its general formula can be: 

�� =	 (�� − �	)/�� 	               (1) 

Where σu is the undrained shear strength; qc is the cone 

resistance; Nc is the theoretical cone factor; σ0 is the total 

horizontal, vertical or mean stress (depending on the theory 

considered). 

The derivatives of these theoretical expressions have shown 

that a reliable correlation can be established between the 

undrained shear strength and CPT (Cone Penetrometer Test) 

tip resistance. These expressions were used later as, 

theoretical basis empirical or semi-empirical correlations that 

were commonly defined by the same form of equation, but to 

differentiate them from theoretical solutions, the empirical 

cone factor is noted by Nk [16] as: 

�� =	 (�� − �	)/��               (2) 

Where σv0 is the total overburden stress 

The formula (2) has been slightly modified and the tip 

resistance values corrected by taking account the pore 

pressure effects (qt): 

�� =	 (�� − �	)/���              (3) 

This equation (3) is better suited to the case of soft clays, 

where the measured pore pressure is often as high as the 

measured CPT tip resistance. 

The empirical cone factor Nk varies with soil type and has 

been studied by several authors as indicated on Table 1: 

Table 1. Cone factor Nk recommended values. 

Nk values range Comments References 

11 – 19 Value of 15 for normally consolidated Scandinavian marine clays [24] 

20 Marine clays [25] 

15 Boulder clays [25] 

7.6 -28.4 Different soil types. [26] 

8-29 Nkt varies with OCR [27] 

 

Like penetrometer, the dilatometer (DMT) has also been 

widely used for establishing test methods and original 

correlations for the evaluation of selected geotechnical 

parameters such as undrained shear strengh. Comprehensive 

investigations were made to assess and enlarge the application 

of DMT in geotechnical engineering [28-33]. A new 

DMT-based chart is presented based on generalized soil 

behavior type descriptions and a method to evaluate the 

existence of microstructure in soils using a combination of 

CPT and DMT is also presented [31]. The author has shown 

that Relationships between the two in-situ tests can be used to 

expand and improve correlations and applications using 

experience and databases from one test and extrapolating to 

the other test. The overconsolidation ratio (OCR) was derived 

from CPTU, DMT and oedometric tests [29]. The tests 

revealed that for the assessment of changes in constrained 

modulus in the subsoil with CPTU and DMT, the formulas 

determining the correlation between cone resistance, DMT 

results and constrained moduli requires empirical coefficient 

different for soils of varied genesis. There are some of the 

relationships evaluating constrained modulus and undrained 

shear strength that routinely used intermediate parameters 

obtained from DMT readings [28, 34]. Lechowicz, et al. [28]. 

Performed dilatometer and laboratory tests on heavily 
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preconsolidated boulder clays and Pliocene clays prevailing in 

the Warsaw region. Empirical coefficients for multi-factor 

correlation to obtain undrained shear strength from 

dilatometer tests for boulder clays and Pliocene clays were 

determined. Relationship between factor RM (depending to 

soil density index ID) and horizontal stress index (KD) for 

boulder clays was proposed for the evaluation of constrained 

modulus from dilatometer tests. 

In literature, many correlations, mostly linear, have been 

established to describe soils behavior. These correlations 

correlate consistency parameters (Atterberg limits) and 

mechanical parameters, different mechanical parameters, in 

situ and laboratory results...... The consistency limits are 

determined on disturbed materials, so they do not take into 

account either the original structure or the variations of the soil 

constituents. To collect representative geotechnical data, 

testing should be performed on undisturbed samples to 

resemble actual in situ test conditions. However, samples 

disturbance phenomenon has long been a problem and 

difficulties in obtaining undisturbed samples was discussed 

[35, 36]. Although such correlations can be applied to uniform 

clay types if anisotropic conditions are considered [19]. 

The undrained shear stress measured by laboratory or in situ 

method, appears to be the most used in the correlations 

describing the mechanical behavior of soils. Today, an issue is 

that measured data from projects seldom deviate from 

established empirical correlations and the scatter of data is 

great. Thus, the reliability of the methods applied, regarding 

correlations, laboratory testing and field operations, are of 

increasing interest. 

In spite of the high number of studies on correlations of soils 

mechanical behavior parameters, few of them are interested in 

the shear resistances measured respectively on undisturbed and 

disturbed tropical soils samples. For soils such as silt, peat and 

clays, the shear strength values of disturbed samples are always 

lower than intact samples. The aim of this paper is to study the 

tropical soils of Burkina Faso by establishing correlations 

between the shear strengths of disturbed normally consolidated 

(OCR=1) and undisturbed, over consolidated (OCR>1) samples. 

These will make it possible to deduce the shear strength of 

undisturbed soils without suffering the difficulties related to 

their handling. To achieve this goal, direct shear cell (NF P 

94-071) was used and following tests was performed on 

disturbed and undisturbed laterite samples: 

Unconsolidated-Undrained (UU), Consolidated-Undrained 

(CU), Consolidated-Drained test (CD). 

2. Materials and Method 

2.1. Physical Description of the Samples 

To constitute a fairly representative database, samples were 

taken at three different sites in Burkina Faso whose 

geographic coordinates are shown in Figure 1: the Saaba 

Basin (sample 1); the Loumbila Dam (sample 2 and 

Kamboinsé dam (sample 3). 

 

Figure 1. Soils from the three different sites studied. 

Sample 1: It is a soil of fluvial origin. It was deposited in the 

old major bed of the temporary river running through the site, 

now dried up decades ago. This soil is very sticky and 

swelling. 

Samples 2 and 3 present similar physical aspects. They are 

all cohesive from the alteration of lateritic rocks under the 

effect of local climatic conditions (high temperature and 

humidity). 

From each site were taken disturbed and undisturbed 

samples 

At these three sites, the samples were taken at depths where 

the water content of the deposits is high enough to facilitate 

the coring operation (depth of 115 cm at the bottom of the dry 

Kamboinsé dam (sample 1); 55 cm at the bottom of the 

Loumbila dam (sample 2) and 115 cm in the minor bed of a 

river that crosses the Saaba site (sample 3). 

Sampling of undisturbed samples for shear testing is 

accomplished by pushing a sharp-edged cylinder with the 

same dimensions as a Proctor mold. The samples thus 

obtained are protected with parafilms to preserve their 
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moisture content and sent to the laboratory. From this, the 

samples intended for shear tests are cut with the dimensions of 

the shear box of Cassagrande. 

Disturbed samples, for identification and shear tests was 

taken out immediately adjacent to the undisturbed samples 

and at the same depth to have the same soil composition as the 

undisturbed samples. In order to characterize the different 

samples, several laboratory tests were carried out during their 

extraction. First of all, Atterberg limits, particle size tests and 

moisture contents, the proctor test were made to determine the 

basic characteristics of the soil (table 1). The degree of 

consolidation was determined by oedometric tests. 

Mechanical characteristics (φ', Cu and c') were evaluated 

using direct shear tests. Consolidation and shearing occurred 

under undrained isotropic conditions (τCUI, τCUR), drained 

conditions (τCDI, τCDR). Shearing was also cared out under 

unconsolidated and undrained conditions (τUUI, τUUR). Where 

τCUI, τCDI, τUUI are shear strengths of undisturbed samples and 

τCUR, τCDR τUUR are shear strengths disturbed samples. 

The particle size analysis shows that samples consist of 

sand, silt and clay to significant proportions (Figure 2). 

 

Figure 2. Particles size distribution of samples. 

The effects of this composition are also observable on the consistency parameters (WL, Wp, IP) (Table 2). 

The classification A.A.S.H.T.O standard provides a soil class A-6a for the sample 1; A-7-6 for sample 2 and A-6b for sample 3. 

Table 2. Characteristics of the 3 studied soils (NF P94-071 -1 standard.). 

Soil 

Parameters 

Depth 

sampling 

(cm) 

In-situ water 

content (%) 

Granulometry Optimum Proctor Atterberg limits 

Sand 

(%) 
Silt (%) 

Clay 

(%) 

Dry density 

γopt 

Water content 

Wopt (%) 
WL (%) WP (%) IP (%) 

Sample 1 70 17 36 44 20.0 1.88 13.60 24.45 12.04 12.41 

Sample 2 55 25.5 42.5 30 27.5 1.77 17.20 42.90 14.52 28.38 

Sample 3 115 18.5 38.5 51.5 10.0 1.90 14.50 31.50 13.58 18.07 

 

2.2. Parameters of Direct Shear Test 

The moisture content of the undisturbed samples before 

testing is at most less than that obtained in-situ by 0.1%. As 

for the moisture contents of the disturbed samples are 

substantially equal to those of the undisturbed samples before 

testing. This small difference in moisture content between 

disturbed and undisturbed samples makes it possible to 

compare in the mechanical strengths of these two types of 

samples. Shear velocity used for each test are those provided 

by the NF P94-071-1 standard [37]. For undrained tests (UU, 

CU) V = 1.5mm/min and for the drained tests (CD). During 

the test, temperature of the room was regulated at 25°C with 

an estimated range of variation between 23°C and 27°C. 

3. Results and Discussion 

3.1. Test Results 

The experimental results obtained from direct shear tests 

are presented in two different groups: shear strengths (Table 3) 

and stability parameters (cohesion and internal friction angles) 

(Table 4). Table 3 presents the shear stresses obtained on each 

disturbed and undisturbed sample, each subjected to normal 

stress of 50 kPa; 100 kPa and 200 kPa. These results are also 

presented for the three different shear tests performed in this 

study: UU; CU; CD. As for Table 4, it summarizes the values 



132 Abdou Lawane et al.:  Correlation Between Shear Strengths of Disturbed and Undisturbed Soils at Three Sites in Burkina Faso  

 

of angles of friction and those of the cohesion corresponding 

to the same tests of Table 3. The indices "I" and "R" 

respectively indicate undisturbed and disturbed sample. In this 

paper, the shear strengths taken into account are those at the 

peaks of the strength-strain curve. Friction angles (Φ) and 

cohesions (C) are deduced by Coulomb's law: 

τ = C + σtanΦ                 (4) 

Where τ is the stress or shear strength and σ the normal 

stress which induces it 

The effects of site conditions (type of material, humidity, 

temperature.....) and type of shear test on shear strengths; 

friction angles and cohesions were observed using histogram 

graphs (Figure 3, Figure 4 and Figure 5). All the disturbed 

samples displayed lower shear strengths than the undisturbed 

samples. 

The results of this comparison are consistent with literature 

publications such as the work of Martin et al. 2001 on 

sediments of the Saguenay Fjord, Quebec. 

A significant difference was found between the disturbed 

and undisturbed behavior. For undisturbed samples, the shear 

strengths increase with depth, suggesting the effects of over 

consolidation ratio (OCR). 

Jozsa [38] estimated relationship between undrained 

strength and OCR and concluded that undrained strength 

increased due to OCR. The author indicated also that stresses 

and deformations of retaining and other geotechnical structure 

can be influenced by over consolidation ratio. Thus, the 

samples are classified in order of increasing strength as 

follows: sample 2 (Loumbila site) - sample 2 (Saba site) - 

sample 3 (Kamboinsé site), extracted respectively at a depth of 

55 m; 70 m and 115 m. This trend is observed on samples from 

three different sites and needs to be confirmed on each site. 

Concerning the effects of the type or the test conditions, the 

different results do not show any regular tendency 

Table 3. Shear strengths of the samples according to the three types of tests. 

 (kPa) 
Sample 1 Sample 2 Sample 3 

50 100 200 50 100 200 50 100 200 

τUUI (kPa) 69.06 92.65 130.55 53.90 71.59 92.65 70.33 104.44 144.87 

τUUR (kPa) 42.95 56.85 83.38 32.85 40.85 56.85 44.64 61.48 90.54 

τCUI (kPa) 68.22 84.22 122.13 57.27 64.85 92.65 72.43 101.07 142.76 

τCUR (kPa) 45.48 58.96 89.278 32.85 40.27 57.27 45.48 58.96 89.28 

τCDI (kPa) 70.75 91.80 132.65 54.75 75.80 96.86 74.12 101.07 144.87 

τCDR (kPa) 42.95 66.54 90.96 35.79 42.11 63.17 42.95 66.54 90.96 

Table 4. Cohesion and internal friction angle of soils samples. 

Essai 

Sample 1 Sample 2 Sample 3 

Soil cohesion c 

(kPa) 

Angle of internal 

friction ϕ (°) 

Soil cohesion c 

(kPa) 

Angle of internal 

friction ϕ (°) 

Soil cohesion c 

(kPa) 

Angle of internal 

friction ϕ (°) 

UUI 50 18 44 11 50 21 

UUR 30 12 24 7 30 14 

CUI 49 16 43 11 52 20 

CUR 30 13 25 7 30 13 

CDI 50 18 44 12 52 20 

CDR 31 14 25 8 31 14 

 

Figure 3. Comparison between shear stresses for reworked and undisturbed samples. 
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Figure 4. Comparison of intact and reworked soil cohesion. 

 

Figure 5. Comparison of internal friction angles of intact and reworked soils. 

3.2. Descriptive Statistics 

Submitting the results of the measurements to a statistical 

analysis, allows a relatively objective choice of values of the 

geotechnical characteristics. The descriptive statistical, 

average value �̅; the variance v(x); the covariance Cov (x, y); 

the standard deviation σx and the coefficient of correlations r 

(x, y) can be determined. 

The result gives basic information, as minimum, maximum 

values and the population mean �̅ . The standard deviation 

quantifies the variation of a dataset. In a dataset with normal 

distribution about 68.2% of the sample population will fall 

within the interval of one standard deviation [39]. The 

standard deviation is given by formula: 

�� = ��
�∑ (�� − �̅)²��             (5) 

Where xi is an observed value. 

3.3. Correlations and Linear Regression 

The Pearson correlation coefficient, � allow to analyze the 

correlation between two variables, � and �. It is defined as the 

covariance of the variables divided by the product of the 

variable’s standard deviations [39]: 
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�(�, �) = � (�,!)
"#"$                (6) 

Pearson’s coefficient r provides a measure of the bivariate 

linear correlation between the two variables X and Y. It has a 

value between -1 and +1. +1 represent a total positive and -1 a 

total negative linear correlation. If r=0, it means no correlation 

between the two variables and their changes are not at all 

correlated. For a linear correlation between the strengths, the 

values of r (x, y) must be different from 0 (zero). The closer 

the values of r (x, y) are to 1 (≥0.8), the better the linear 

correlations between the two variables [39]. 

As for linear regression, it models the linear relationship 

between a dependent variable Y and an independent variable, 

�. His analysis represents a line corresponding to an observed 

data set of � and �. The line equation is of the form: Y=aX+b 

which can be written versus average values �̅ and �% as: 

� = 	 � (�;!)&(�) � ' �% −	� (�;!)&(�) �̅          (7) 

Where "a" is the intercept of linear regression line with 

y-axis and "b" its slope. The linear regression can be presented 

in a scatter plot with the dependent and independent variable 

on the y- and x-axis, respectively. In the statistical analysis, 

scatter plots may be presented with regression lines fit to the 

data and confidence or prediction intervals to verify or reject a 

hypothesis. The coefficient of determination, R², is used as a 

measurement of how well independent variables explain the 

variance in the dependent variable. Its value varies from 0 to 

1.1 means that all variance in the dependent variable is 

described from the independent variables and 0 means that 

there is no correlation between the variance and the 

independent variables 

3.4. Correlation Between Shear Strengths of Disturbed and 

Undisturbed Samples According Each Type of Test 

A statistical analysis of the database constituted by shear 

strengths; cohesions and friction angles was performed and 

correlation laws established. The correlations concerned the 

disturbed and undisturbed samples from the three studied sites. 

Statistical parameters such as average values, variances, 

covariances, standard deviations, Coefficients of linear 

correlation were determined using classical statistical 

relationships. Results were analyzed according to site 

conditions, the type of tests and according to the state of 

disturbing of the sample. Average values of shear strength 

from the three sites were very close meaning that samples 

particles sizes distributions, their moisture content and their 

clay content (limit of plasticity) did not have significant 

impacts on shear strengths. The average values of shear 

strengths of the undisturbed samples appear slightly higher 

than that of the disturbed samples for all the tests carried out. 

The dispersion expressed by the standard deviation is more 

important for the undisturbed samples. Positive covariance’s 

obtained, indicated that as one of the two shear strength 

deviates from the mean, the other shear strength deviates in 

the same direction. For each test, the existence of a correlation 

has been proved by the linear correlation coefficient. This 

coefficient proved to be greater than 0.9 in all three cases 

studied. Linear regression laws have been drawn (Figure 6) 

and the quality of this prediction has been checked by the 

standardized coefficient of correlation (Pearson 

product-movement correlation coefficient). These coefficients 

are all positive and at least equal to 0.96 indicated better 

correlations between the disturbed and undisturbed shear 

strengths samples. 

 

 

 

Figure 6. Linear correlation between shear resistances of disturbed and 

undistrurbed soils. 
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4. Conclusion 

In this paper, tropical soils from three different sites in 

Burkina Faso have been studied. Samples particle size 

analysis and their consistence parameters have shown that 

they are each composed of important proportions of silt; sand 

and clay. This triple composition makes their identification 

and classification complex. Casagrande cell shear tests were 

performed under drained and undrained conditions and shear 

strengths determined on disturbed and undisturbed samples of 

these materials. Statistical parameters such as average values, 

variances, covariances, standard deviations, Coefficients of 

linear correlation were determined. They were analyzed 

taking into account the disturbed character or not of the 

sample; its provenance site and the type of test. The impact of 

particles sizes distributions; moisture content and clay content 

(limit of plasticity) was appear to be minimal on shear 

strengths of samples. Positive covariances obtained, indicated 

that as one of the two shear strength deviates from the mean, 

the other shear strength deviates in the same direction. Linear 

regressions between shear strengths of disturbed and 

undisturbed samples for each type of test were established. 

Determination coefficient from this regression analysis was 

about 0.95 to 0.99. Quality of this prediction from these 

correlations has been checked by the standardized coefficient 

of correlation. These coefficients are all positive and at least 

equal to 0.96 indicated better correlations between the 

disturbed and undisturbed shear strengths samples. 
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