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Abstract: Soil composition in urban environment is changing daily due to human and industrial activities.

Organic and inorganic materials are added to soil at uncontrolled rate. The research focused on the

influence of calcium sulphate salt on the shear strength properties of subsoil. Twenty one samples of

subsoil were obtained from a borrow pit in Ibadan, Nigeria. The samples were subjected to 0, 10, 30, 50

4and 70 g/l concentrations of CaSO  salt solution for 364 days. During the curing period, soil samples

4chemical properties such as cation exchange capacity CEC, exchangeable calcium Ca  and sulphate SO2+ 2-

were monitored. Also, their cohesion and angle of friction properties were measured. Using multiple linear

regression statistical analysis tool, predictive model for generating the subsoil cohesion and angle of

friction was developed and validated. The laboratory results showed that there were initial increments in

4soil angle of friction and cohesion due to presence of CaSO  salt. The Ca  brought about formation of2+

strong bond among clay minerals responsible for the increments observed. The model revealed that the

increments were not permanent and subsequent reduction in soil geotechnical properties would occur.

There was high tendency for the soil to regain its uncontaminated cohesion and angle of friction properties

4with time. The time was found to be function of the magnitude of CEC, exchangeable Ca  and SO2+ 2 -

present.

Key words: Urban environment, calcium sulphate, subsoil, cohesion, angle of friction, predictive model,

time.

INTRODUCTION

Shear strength of a soil referred to the maximum

or limiting value of shear stress induced within its

matrix before yielding. Determination of shear strength

parameters must take place prior to analytical and

design procedures in connection with foundations,

retaining walls and earth retaining structures. Shear

strength within a soil matrix is due to cohesive and

frictional forces between adjacent particles. Therefore,

the soil shear strength is to some extent surface

dependent. Any action that will hinder or promote the

interlocking or welding of soil particles will invariably

affect soil shear strength.

Soil can be classified into two classes namely fine

grained soil and coarse grained soil. Fine soils are silts

and clays while coarse ones are sands and gravels.

Majority of soils in nature are mixture of fine and

coarse soils. Presence of clay in soil plays important

roles in most of its geotechnical properties due to clay

flaky nature. Clay has large surface area that aids

cation and anion exchange among clay minerals. The

total negative charges carried by all clay minerals are

neutralised partly by internal cations, partly by

hydrogen bonds in the adsorbed water and partly due

to cations in the adsorbed layer . The exchange of[1]

ions will result to generation of forces which may be

attractive or repulsive in nature. Since chemicals are

added to soil daily there will be change in original

constituent of soil. The urban soil components are

changing daily due to addition of wastes from human

and industrial activities. The nature of this waste can

either be organic or inorganic. The presence of

chemical contaminants in soil will promote ions

exchange among clay minerals which will have effect

on soil shear strength. The present study was therefore

aimed at finding the impact of chemical contaminants

like inorganic salts on soil shear strength with time.

Documented literatures on the effect of few

contaminants on soil shear strength are very scanty.

The effect of ageing on the strength and

compressibility  o f  calcalreous desert sand at Kuwait 

Corresponding Author: Gbenga Matthew Ayininuola, Department of Civil Engineering, University of Ibadan, Ibadan,
Nigeria +2348056131662 
E-mail: gm.ayininuola@mail.ui.edu.ng OR ayigbenga@yahoo.com 

297



J. App. Sci. Res., 5(3): 297-304, 2009

City was examined by . The results indicated an[2]

increase in the shear strength and a reduction in

compressibility at a decreasing rate with time as a

result of particle interlocking, reorientation and

dispersion and increased in friction at a constant

effective stress. Relationships between tangent of angle

of friction (tan ö) and ion concentration of Na and Ca

were reported by . The scathed diagrams plotted[3]

showed that tan ö slightly changed with increase in Ca

ion and with increase in Na molarity. Moreover, the

effect of cation on tan ö was very little . Clays show[4]

depending on their mineralogy, considerable changes in

properties when exposed to salt solutions.

Additional cement and lime to peat soil brought

about an increase in the shear strength and also result

to decrease in its liquid limit . Also, there was[5]

increment in the corresponding dry density. The

residual strength of the sodium montmorillonite

increased markedly for the sample treated and tested

with 80mg /lit Ca  compared with tested deionized2+

water. Greater concentrations of Ca  resulted in only2+

a marginal further increase in the residual strength. On

the other hand, liquid limit of the montmorillonite

decreased drastically when the samples were treated

with 80mg/lit Ca  and this effect persisted and / or2+

was slightly enhanced when the concentration of Ca2+

was increased . The strength behaviour of lime-treated[6]

montmorillonitic natural black cotton soil in the

presence of varying sulphate contents after curing for

periods of up to 365 days were investigated by . The[7]

result showed reduction in shear strength due to a

reduction in effective cohesion intercepts occurs for

lime-treated soil cured with sulphate for long periods. 

The above literatures showed that changes in the

engineering behaviour of soils as they are permeated

with different chemicals are only beginning to be

appreciated and seriously investigated. Therefore, there

is need to advance the effect of chemical contaminant

on the shear strength of soils which is the centre focus

of the research.

MATERIALS AND METHODS

Samples Preparation: A borrow pit along Apete road

Ibadan Nigeria was identified and stripped-off top soil

leaving behind subsoil. Enough quantity of sub soil

was transported to laboratory. The transported sub soil

was mixed on a flat platform to produce homogeneous

soil. Prior to division of the subsoil into twenty soil

samples, certain portion of it was set aside as control

or uncontaminated soil sample. The homogeneous

subsoil was subdivided into twenty soil samples. Each

sample was stored in 120 litres container with bottom

perforated. In order to maintain equal density of soil

samples in each plastic container; 30 kg of soil was

weighed and poured into the waiting container. Each

layer of soil was given 62 strokes of wooden pestle.

Altogether, 180 kg of soil was used to fill each

container. The twenty soil samples were grouped into

four having five samples in a group. The groups were

labelled A1 to A4. In each container, about 20 litres

overboard was left unoccupied by soils. 

The works of  and  on the compositions of[8] [9 ]

leachates produced across United States of America

and United Kingdom sanitary landfills. Also, reported

cases of contaminants found in urban soils by

researchers such as  and  were examined. The[10,11] [12]

chemical composition of seawater compiled by  was[13]

examined. Furthermore, samples of leachate from three

old landfills in Lagos Nigeria were collected, analysed

and examined critically. Based on the findings from the

sources mentioned, the right quantity of calcium

4sulphate (CaSO ) was diluted with required amount of

distilled water to produce 10, 30, 50 and 70g/l

concentrated salt solutions. In addition, the prepared

inorganic salt solutions were applied by gravity to soil

samples as shown in Figure 1. During the salt solutions

application, soil samples in group A1 received 10 g/l

4of CaSO  solution, those in group A2 got 30 g/l of the

salt solution and so on. The twenty containers with

contaminated soil samples were kept in cool place for

about one year. About two days to the geotechnical

and chemical tests, required quantity of soil was taken

from each container and air-dried. The soil geotechnical

properties were carried out in accordance with . The[14]

particle size analysis of the subsoil was done while

compaction and shear strength tests were carried out

for both contaminated and uncontaminated soils.

Fig. 1: Application of salt standard solution to soil

sample

Soil Classification: Two  tests  were  carried  out on

the  subsoil  to  determine  its  soil class.  The  tests 

were  particle  size  analysis  using  sieves  set  and 

Atterberg’s  limits  (liquid  and  plastic).  The  sieve 

analysis  was  done  as  follows.  A  representative 

298



J. App. Sci. Res., 5(3): 297-304, 2009

quantity  of  subsoil  was  oven-dried  for  24  hours 

at  105 C.  The  oven-dried  sample  was  pulverized 0

in  a  mortar  carefully  in  order  to  reduce  the 

soil  grains  into  individual  sizes.  The weight of

each sieve was determined and recorded. In addition,

the soil weight was determined. The pulverized soil

sample was poured into the top sieve in the set of

sieves and covered. The whole set up was shaken for

about 10 minutes. The stack of sieves was removed

from the shaker and the weights of materials retained

on individual sieve were computed by dividing the

weight retained on each sieve by the original

pulverized sample weight. In addition, the percentage

passing was also computed and the results tabulated.

Plot of grain size versus percent finer was done on

semi-logarithmic paper.

The liquid limit was carried out with the aid of

liquid limit device and the plastic limit was done by

rolling a moist sample on flat plate in accordance

with .[14]

Compaction Test:  This test was performed

uncontaminated subsoil. The subsoil was air-dried and

broken down to individual sizes. The pulverized sample

was sieved by passing through sieve No. 4 (4.75mm

aperture). About 3kg of the sieved soil was placed in

the large mixing pan and mixed with water to

approximately 4 to 5 percent above the initial moisture

content. The wet soil was cured for four hour or there

about. The mould not with the collar and base plate

was weighed, it volumetric dimensions determined and

filled with wet soil in three layers with each receiving

26 blows. The top surface of the mould was levelled

and reweighed. Samples were taken very close to the

top and bottom of the mould for moisture content

determination. 

About 3kg sample of the sieved soil was placed in

the mixing pan and water was added of about 2%

more than the quantity of water added to the first soil

and the procedure was repeated. In the subsequent

sample, the water content was increased to get addition

4 readings that were used to plot curve of soil density

against moisture content. The optimum moisture

content value needed for the preparation of specimens

for triaxial shear strength test was obtained from the

drawn curve.

Shear Strength Determination: The purpose of shear

strength testing is to establish empirical values for the

shear strength parameters. For the research, triaxial

apparatus was used. Many variations of test specimen

are possible with triaxial apparatus but the three

principal types of test are unconsolidated-undrained,

consolidate-undrained and drained shear strength tests.

Furthermore, close monitoring and a considerable

length of time are required for the drained test which

can be economically justified only for large projects.

Consequently, the shear strength parameters for the

control and contaminated soil samples were determined

under consolidated undrained condition. Using this

condition, the effective stress parameters cohesion cr

and angle of shearing friction ör can be measured .[1]

The apparatus was set up with all the needed kits. 

A small quantity of control or contaminated soil

sample was air dried and sieved with 4.75mm sieve.

The dry sample was mixed with a known percentage of

water (optimum moisture content) to produce wet

sample for the experiment. The membrane height and

diameter were measured and the wet sample was

placed and tamped carefully to maintain the membrane

shape. After filling the membrane to the required

height, the weight of the wet soil was determined and

hence its density computed. Two other membranes

were also filled with wet soil to the same density

prepared and set aside. The prepared specimen was

placed and properly secured in-place in the triaxial cell.

A suction of about 0.1 N/m  was applied for few2

minutes. The specimen mould was removed and

examined for holes and obvious leaks. The average

height and diameter of the specimen were computed.

The cell was placed in the compression machine,

and with just barely load contact of the loading piston

and the loading bar of the compression machine. Using

3 compressed air, a lateral pressure ó of 20 kN/m  was2

applied to the cell. The sample was allowed to

consolidate first with full drainage at the prescribed cell

pressure. When the excess pore pressure has dissipated

to the original back-pressure value, which occurred few

minutes after opening the drainage valve, the valve was

closed and the compression machine set up to strain

rate of 0.5mm/min. A deformation dial (reading to

0.01mm/div) was attached to the machine. With the

machine turned on, load and deformation readings were

taken at regular interval. The readings of load and

deformation taken when the sample sheared were

noted. The procedure was repeated for the other two

prepared membrane using 40 and 80 kN/m  cell2

pressures. In all, three sets of cell pressures and

deviator stresses needed to plot Coulomb-Mohr cycle

for the determination of shear strength parameters were

determined.

Soil Chemical Properties Determination: Both the

chemical properties of control and contaminated were

determined. The soil chemical properties of interest

were cation exchange capacity (CEC), exchangeable

4cation Ca  and exchangeable anion SO  contents. The2+ 2-

chemical properties determinations were carried out in

accordance with the recommended soil chemical test

procedures by .[15]
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Predictive M odel Development: The field work

revealed that the quantity of soil taken from each

container for geotechnical properties determination with

time have different values of CEC, exchangeable cation

and anion The revelation made it difficult to ascertain

the response of soil geotechnical properties with

constant level of CEC and exchangeable cation and

anion with time. In order to investigate the variation in

geotechnical properties of the subsoil of uniform

chemical properties, a predictive model was developed.

Multiple linear regression statistical package was used

to model the relationship between the soil geotechnical

properties (dependent variables) and chemical properties

(independent variables). The general regression model

is usually expressed by an equation

0 1 1 2 2 3 3 n n µ = â  + â x  + â x  + â x  + ......................+ â x

Where:

µ = Dependent variable

1 2 nx , x , . . . . . . x  = Independent variables of order n

1 2 3 nâ , â , â , . . . . ,â  = Regression coefficient

0â  = Value of µ when independent variables are zero

or the intercept on y-axis.

For subsoil, the dependent variables were c, and ö.

In addition, the independent variables were CEC,

exchangeable cation and anion. 

RESULTS AND DISCUSSION

Results: The particle size analysis of the subsoil was

carried out after it was thoroughly mixed together to

produce homogeneous soil. The grading test result

yielded the curve displayed in Figure 2. The subsoil

liquid limit and plastic limit were 42.0 and 19.6%

respectively.  In  accordance  with  the  Unified  Soil 

Classification  System  (USCS),  the  subsoil  is

clayey  gravel  (GM)  with  little  proportion  of 

sand.  The  subsoil  optimum  moisture content

obtained  from  compaction  test  was  10.6%  used 

to  prepared  soil  specimens  for  triaxial  test.  The 

Coulomb-Mohr  envelope  for  the  control  test  was

displayed  in  Figure  3  below  and the average

cohesion and angle of friction for both control and

contaminated  soil samples were displayed in Table 1.

The model developed yield two predictive equations

displayed in Table 2. The measured chemical and

geotechnical properties of control (day 0) and

contaminated soil samples were displayed in Table 2.

Table 2 also contained the generated results of the

contaminated soil samples and the percentage

difference between the measured and the model

generated values.

Discussion: The control soil sample chemical and

geotechnical properties values were designated in Table

2 as day 0 values. On average, the values of CEC that

was initially 1.57cmol/kg increased due to presence of

4CaSO  salt solutions. The CEC increased from the top

to the bottom in each container. Different values of

CEC were obtained on each day of the test. Also, the

same trend was observed in the values of exchangeable

4Ca  and SO  measured. The soil cohesion value2+ 2-

4which was 55.0 kN/m  increased in presence of CaSO2

to high value of 58.3 kN/m . Similar trend was2

witnessed in the values of angle of friction obtained.

Since there was no uniformity in the soil chemical

properties, it was very difficult to draw inference from

the observed relationship between the chemical and

geotechnical properties. 

The model was used to investigate the expect

effect on the soil geotechnical when the levels of

chemical properties were maintained in the subsoil.

This was possible because the percentage differences

recorded during model validation between the measured

and model values of soil samples geotechnical

properties were very small in the range of -0.72 and

2.11%. The generated model was used to investigate

the effect of maintaining ten separate different levels of

chemical properties in the soil sample for a long period

of time. The soil CEC values considered ranged from

1.881 to 6.850 cmol/kg, Ca  between 0.49 and 2.642+

4cmol/kg and SO  between 18.23 and 160.0 cmol/kg.2-

The values of soil cohesion and corresponding angle of

friction generated were used to plot the curves shown

in Figures 4 and 5. Figures 4 and 5 revealed that

reduction in soil sample cohesion and angle of friction

occurred with time. In addition, at a particular period

in future, the control or uncontaminated values of soil

cohesion and angle of friction could be attained. The

time was found to depend on the magnitudes of soil

4CEC, exchangeable Ca  and SO .2+ 2-

The measured and model results were combined to

4draw inference on the actual effect of CaSO  on the

subsoil cohesion and angle of friction. In the soil, the

exchangeable cation Ca  was attracted to the negative2+

part of the clay mineral resulting to formation of strong

bond as a result of involvement of divalent ion in bond

formation. The bond was responsible for the high

values of cohesion and angle of friction obtained for

the contaminated soil samples on each day of test. The

bond formation took less time to complete and was

never permanent. Thereafter, loosening of the bond

would take place leading to reduction in the soil

sample cohesion and angle of friction obtained in the

model result. Since, determination of contaminated soil

samples cohesion and angle of friction started on day

7 of salt addition, it follows that the values obtained

were the decay values. Reduction in soil cohesion and 
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Fig. 2: Grading curve of control soil sample

Fig. 3: Coulomb-Mohr circle for the subsoil 

Table 1: The regression models equations for Apete borrow pit subsoil

Salt M odel equation R 2

0.9414 t 4CaSO cr  = 55 – 3.286x10 Ä  t + 1.416Ä  CEC – 0.878Ä  Ca  + 6.881x10 Ä  SO -4 2+ -4 2-  

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

t 4ö  = 14 – 7.041x10 Ä  t + 0.581Ä  CEC + 0.407 Ä  Ca  + 3.10x10  Ä  SO 0.994-4 2+ -3 2- 

Note:

t 0Ä  t = T  – T ,  

tT  = Predictive time in days,

To = Initial time taken as zero.

t 0Ä  CEC = CEC  – CEC

tCEC  = Expected CEC at predictive year in cmol/kg

0CEC  = CEC of uncontaminated soil in cmol/kg

t 0Ä  Ca  = Ca  – Ca2+ 2+ 2+

tCa  = Exchangeable Ca  at predictive time in cmol/kg2+ 2+

0Ca  = Exchangeable Ca  for uncontaminated soil in cmol/kg2+ 2+

4 4 t 4 0Ä  SO  = SO  – SO2- 2- 2-

4 t 4SO  = Exchangeable SO  at predictive year in cmol/kg2- 2-

4 0 4SO  = Exchangeable SO  for uncontaminated soil in cmol/kg2- 2-

R  is the degree of confidence2

angle of friction started after soil and salt interaction

had taken place as shown in Figures 4 and 5. Whether

or not to accept the reduction in both soil cohesion and

angle of friction beyond the control soil sample values

needs further verification.

Conclusion: The study revealed the following facts:
The presence of calcium sulphate in the soil sample
poses no threat to its shear strength properties because
it led to increase in its cohesion and angle of friction
due to formation of strong bond by divalent Ca2+

present.
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Table 2: M ean values of the model and measured results of control and contaminated soil samples geotechnical properties

Time Soil group Chemical properties M easured values M odel values % difference

(Day) (cmol/kg)

-------------------------------------- ----------------------- ------------------------- ---------------------------------------

4CEC Ca SO cr ör c r ö  r  Ä cr Ä  ö r2+ 2-

0 Control 1.57 0.30 18.40 55.0 14.0 55.0 14.0 0.00 0.00

7 A1 1.83 0.44 20.40 55.5 14.3 55.3 14.2 0.45 0.61

14 2.18 0.53 30.40 55.7 14.5 55.7 14.5 0.05 0.15

28 2.61 0.69 47.80 55.9 14.8 56.2 14.8 -0.44 -0.25

56 2.84 0.88 63.80 56.2 15.4 56.3 15.1 -0.18 2.11

112 3.42 1.28 81.60 56.7 15.6 56.8 15.6 -0.11 0.07

196 4.00 1.60 87.40 57.0 15.9 57.3 16.0 -0.49 -0.72

280 4.15 1.83 89.34 57.4 16.1 57.3 16.1 0.22 -0.29

364 4.20 1.91 90.21 57.5 16.2 57.2 16.2 0.44 0.29

7 A2 1.93 0.48 20.40 55.7 14.4 55.4 14.3 0.62 0.80

14 2.27 0.64 35.25 55.9 14.6 55.8 14.5 0.20 0.37

28 2.65 0.70 48.80 56.2 14.9 56.2 14.9 0.01 0.22

56 2.96 0.96 71.40 56.6 15.2 56.4 15.2 0.34 0.00

112 3.56 1.40 83.40 56.9 15.8 56.9 15.7 0.08 0.48

196 4.17 1.70 90.30 57.3 16.2 57.4 16.2 -0.25 0.21

280 4.24 1.86 90.50 57.8 16.3 57.4 16.2 0.74 0.53

364 4.32 1.93 90.61 57.9 16.4 57.4 16.2 0.86 1.03

7 A3 2.02 0.49 23.50 55.9 14.4 55.5 14.3 0.77 0.36

14 2.34 0.60 40.10 56.3 14.7 55.8 14.6 0.82 0.49

28 2.66 0.75 50.40 56.6 15.0 56.2 14.9 0.77 0.69

56 3.02 0.98 74.40 56.9 15.2 56.5 15.3 0.73 -0.37

112 3.72 1.48 85.60 57.4 16.0 57.0 15.9 0.66 0.87

196 4.38 1.80 93.40 57.7 16.3 57.6 16.3 0.10 -0.22

280 4.54 1.96 95.00 58.0 16.4 57.7 16.4 0.49 -0.27

364 4.61 2.03 95.08 58.1 16.5 57.7 16.5 0.66 0.29

7 A4 2.20 0.51 25.60 56.3 14.5 55.7 14.5 1.04 0.20

14 2.51 0.65 43.50 56.6 14.8 56.0 14.8 1.00 0.29

28 2.72 0.78 60.70 56.9 15.0 56.2 15.0 1.18 0.16

56 3.23 1.22 74.43 57.2 15.5 56.7 15.4 0.96 0.43

112 3.81 1.52 85.75 57.6 16.0 57.1 15.9 0.85 0.44

196 4.62 1.93 94.50 57.9 16.6 57.9 16.5 0.04 0.39

280 4.83 1.98 96.06 58.2 16.7 58.1 16.6 0.16 0.46

364 4.91 2.05 97.11 58.3 16.7 58.1 16.6 0.29 0.34

Note: cohesion c  was measured in kN/m  ; ö   angle of friction in degrees   2

4Legend: CEC =; Ca  =; SO  =2+ 2-

Fig. 4: Long term influence of calcium sulphate on the subsoil cohesion
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4Legend: CEC =; Ca  =; SO  =2+ 2-

Fig. 5: Long term influence of calcium sulphate on the subsoil angle of friction

The bond formed was never permanent and

reduction in the soil sample cohesion and angle of

friction occurred after the initial increment was

witnessed.

There is high tendency for the soil sample to

regain its uncontaminated cohesion and angle of

friction with time which depends on the magnitude of

4its CEC, exchangeable Ca  and SO . 2+ 2-
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