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Abstract 

Due to failures of Civil Engineering structures in Jos and its Environs, Geotechnical parameters of 

Lateritic soils were carried out in order to determine its engineering properties for civil engineering 

construction. The methods involved are; reconnaissance survey, site works, laboratory tests based 

on British Standard (BS) methods and interpretation of the results. The laboratory test of the soils 

revealed that the Atterberg limit; Liquid limit (LL) ranged from 33.0% to 45.0%, Plastic limit (PL) 

from 16.23% to 26.37%, and Plasticity index (PI) from 8.63% to 22.67%. The percentage passing 

from the Sieve analysis ranges from 31.62% to 67.66%. The cohesive strength (c) and angle of 

internal friction (ø) from direct shear test ranged from 13KN/m2 to 24KN/m2 and 9° to 26°. The 

values of the Total settlement (Pc) from the Consolidation test ranged from 0.0005m to 0.0019m, 

Soil pH from 5.2 to 7.8, Specific gravity (SG) from 2.57 to 2.73 and Natural Moisture Content 

(NMC) from 8.18% to 46.36%. From the compaction test; the Optimum Moisture Content (OMC) 

ranged from 15.22% to 20.60% and Maximum Dry Density (MDD) from 1.62g/cm3 to 1.84g/cm3. 

The California Bearing Ratio (CBR) test for the soaked soils ranged from 21.0% to 93.0% and Un-

soaked values from 50.75% to 96.61%.  The findings reveal that; the geology of the area can be 

largely classified into granites (Biotite-microgranite, N’gell biotite-granite, Jos-biotite-granite and 

Aplo-pegmatitic granite-gneiss) and laterites. The geotechnical parameters of the soil are 

characteristically fair to poor, the strength and deformation of the soil reveals that it can mostly be 

used as a sub-base materials. The soil is classified as silty-clay, and the area need to be stabilized 

with cement, sand and gravel before carry civil engineering constructions. The results obtained 

will serve as base-line information for civil engineering construction in the study area in other to 

avoid structural damage. 

 

Keywords: Civil Engineering Constructions, Geotechnical parameters, Lateritic soil, North 

Central Nigeria.    
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Introduction

The  construction of civil  engineering  

structures  like  building,  bridge,  highway,  

tunnel,   tower, dams, roads, airfield, retaining 

wall and railway  are  founded  below  or  on  

the   surface of the earth (Roy and Bhalla, 

2017). To ensure their   stability,   suitable   

foundation soil is required. To check the 

suitability of soil to be  used  as  foundation  or  

as  construction  materials,  its  engineering 

properties  are  required  to  be  assessed 

adequately (Laskar and Pal, 2012). The need to 

understand soil behaviour in solving 

engineering problems such as swelling soil will 

help to prevent significant damage to civil 

engineering structures (Abubakar, 2016; Oke 

and Amadi, 2008). The assessment of 

geotechnical parameters of subsoil is necessary 

for generating relevant input data for design 

and construction of foundations for any 

proposed structures (Oke et al., 2008; 

Nwankwoala and Warmate, 2014).  

The use of lateritic soils has wide 

applications in civil engineering constructions. 

Prominent among their uses is in roads, 

airfield, and highway pavement where they are 

utilized as fill materials and also for making 

compressed earth block (CEB) for buildings. 

Laterites are known to be rich in iron  oxides  

and  alumina  sesquoxides  with  varying  

contents  of silica  depending  on  the degree  of  

weathering  and  decomposition  experienced 

(Lar et al., 2011). According to  Amadi et al., 

(2012) the mineralogical composition of the 

lateritic soil has an influence on the 

geotechnical parameters such as Specific 

gravity, Shear strength, Swelling potential, 

Atterberg limits, Bearing capacity and 

Petrographic properties. The characteristics 

and durability of any construction materials 

like lateritic soil is a function of its efficiency 

in response to the load applied (Oke  et al., 

2009b; Nwankwoala and Amadi, 2013). Many 

construction works  have been costly, largely 

because the sites  has been badly selected, and 

there have been  an examples of  civil 

engineering structures such as roads, bridges, 

dams, retaining walls  and  buildings which 

failed because the soils were too weak to 

support them. Failure of civil engineering 

structures like Roads and Buildings in Jos 

North and Environs Area of Plateau State, 

North Central part of Nigeria is due to cracks, 

potholes, deformation and peeling. This has led 

to the geotechnical assessment of the soil 

parameters to improve the construction of any 

civil engineering structures. Hence this study 

will ensure the right lateritic soils with the right 

criteria for used, thereby ensuring their 

durability. Adequate knowledge and 

recommendations concerning geologic 

interpretation is essential in the exploration 

process for civil engineering constructions 

(Williams, 2016). However, due to non-

uniqueness of geophysical results, geological 

data are essential for reliable geophysical 

interpretations for civil engineering works 

(Anderson and Croxton, 2008; Salami, 2017). 

According to Omotoso (2010), geotechnical 

investigation of lateritic soil is important for 

the construction of civil engineering structures 

like road, highways and airfields. Failures of 

civil engineering structures in Nigeria are 

generally due to poor geotechnical parameters 

of the underlying soils as well as the type and 

content of secondary minerals Agbede (1992).  

Information about the surface and sub-surface 

features is essential  for  the  design  of  

structures  and  for  planning  construction 

techniques, and this involve detailed 

explorations  to determine the  engineering   

properties of   the  soils  for  different strata 

(Arora, 2008). According to Oke et al., (2009a) 

and Nwankwoala et al., (2014), failure of 

engineering structures like bad road can results 

to road accident due to wrong application of 

constructional materials, especially the use of 

laterite as a base and sub-base material by 

construction companies. Nigeria is one of the 

countries with the highest records of roads, 

buildings, dams and bridge failures with 

incessant loss of lives and properties due to 

poor geotechnical parameters of the underlying 

soils. Lack of understanding of the soil 

parameters can lead to the construction errors. 

The suitability of soil for a particular use 

should be determined based on its engineering 

characteristics and not on visual inspection or 

apparent similarity to other soils. According to 
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Oghenero et al., (2014), Youdeowei and 

Nwankwoala (2013), Ngah and Nwankwoala 

(2013), Caleb et al., (2013) and  Amadi (2013), 

they are of the opinion that proper design and 

construction, adequate geologic and 

geotechnical investigations will help to 

prevents  the failure  of civil engineering 

structures  and other  post construction 

problems. Utilization of locally available soil 

for civil engineering construction will optimize 

the cost and to reduce the environmental impact 

associate with constructions works (Tharaka 

and Mampearachichi, 2012). Civil engineering 

structures like African megaliths in Tazunu, 

located in the North-western part of the Central 

African Republic, was investigated by Billong 

et al., (2009) and concludes that it is of lateritic 

origin, in addition to rock minerals. The  need 

to  reduce  environmental  and  social  impact  

from  the  construction  industry  has  led to a  

renewed  interest in earth  construction works 

(Hamard  et al., 2016). In this case the 

engineering geologist or construction engineers 

are expected to give predictions of the 

behaviour of the soils in projects involving 

preliminary designs. In case of the use of weak 

soil in civil engineering construction there is 

need to carryout soil stabilization. This idea has 

been known for centuries, and the use of straw 

to strengthen unburnt clay bricks and fascine 

mattresses from ancient times has been used to 

strengthen soft soil deposits prior to civil 

engineering construction. Ziggurats, built in 

Iraq consist of dried earth blocks, reinforced 

across the width of the structure with tarred 

ropes, Smith and Smith (1998). Weak or peat 

soils are stabilized due to high initial water 

content in order to reduce their moisture 

content Behzad and Huat (2008). Geotechnical 

parameters of soils influence the stability of 

civil engineering structures (Roy and Bhalla, 

2017). The objectives of this research are to; 

assess the geological, geotechnical, strength 

and deformation, provide soil classification and 

stabilization for the study area.   

 

Location of the Study Area 

The study area is located in Jos North 

Local Government Area of Plateau State 

North-Central part of Nigeria and its Environs.  

It falls within latitude 9° 53′ 30′′N  to 9° 56′ 

00′′N and longitude  8° 51′ 00′′E to 8° 54′ 00′′E 

(Figure 1), and is accessible due to the presence 

of major road, footpath and cattle tracks. The 

climatic condition of the study area is 

characterized by alternating wet and dry season 

coded as ‘AW’ by Koppen′s classification with 

an elevation of about 1287meters above sea 

level. The area experiences a mean annual 

rainfall of 1260mm (1050-1403mm), peaking 

between July and August and the mean 

temperature ranges from 19.4°C-24.5°C 

(Okpara  et al., 2015). The vegetation of the 

study area lies within the Guinea savannah 

zone classified as woodland savannah 

dominated by grasses (Abiem, 2016). The 

formation of lateritic soil in the study area 

depends on the geology and the climatic 

condition of the area.
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Figure 1: Location Map of the study area. 

 

Drainage and Topography 

The drainage pattern of the study area is 

parallel and this comprises of numerous rivers 

which are parallel to each other and follow the 

regional slope (Figure 2). This pattern is due to 

dipping nature of the rock beds. It cut across the 

Basement areas around Delimi to British 

American Junction, Gada Biu Motor Park, 

Mado Tourism and Sabon Gari, and also 

between Polo Field and Jubilee Hotel, Zaria 

Bye-pass. The drainage is tectonically 

controlled as it is seen by its parallelism with 

the dominant N-S structures of the host rocks. 

The topography of the study area slopes 

generally towards different directions in 

different locations, and is divided into three 

broad units; hills and mountains, dissected, and 

undulating terrain. The nature of the relief is 

closely related to the underlying rock types that 

formed a resistant core through a long erosional 

history and still form the hill masses of the 

present landscape rising to over 1000 m above 

mean sea level (Figure 3). The morphology of 

these hills is largely controlled by the joint 

pattern and the underlying rock is obscured by 

unconsolidated material with iron pans. 
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Figure 2: Drainage Map of the study area. 

 

Figure 3: Topographic Map of the study area. 
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Materials and Methods 

The methods adopted for this study 

includes; reconnaissance survey, site works 

(disturbed and undisturbed soil sample 

collection), laboratory tests, and interpretation 

of the results. The reconnaissance survey 

involved surface geological mapping in order 

to ascertain the local geology of the area. 

During this survey observation and description 

of soils and rocks in the area were undertaken. 

A total of twenty (20) soil samples from ten 

trial pits were collected, ten (10) for the 

undisturbed samples while the remaining ten 

(10) are for disturbed. The disturbed soil 

samples were collected via the use of digging 

tools while the undisturbed soil samples were 

collected via the use of core cutter both at the 

depth of 1.0m. The rock samples were only 

studied in-situ. The collected soil samples were 

subjected to two classes of laboratory tests 

which include; Soil classification tests 

(Moisture content, Atterberg limits, Specific 

gravity, Soil pH, and Particle size distribution 

also known as Sieve analysis) and Soil strength 

tests (Compaction, Consolidation, Direct shear  

and California Bearing Ratio). The Laboratory 

tests were carried out in accordance with BS 

1377 (1990) and BSI 5930 (1990).    

 

(1). Sieve analysis: Were carried out in order 

to determine the grain size distribution of the 

soil particles. Apparao and Rao (1995) 

explained that the grain size analysis is widely 

used in classification of soils.  

 

Apparatus used: This involves the use of 

British Standard sieve, a heavy duty balance, a 

wire brush, rubber hammer, electric oven, large 

metal tray, sample containers of known weight, 

trowel and water.  

 

Test procedure: Representative sample of 

approximately 500 g was used for the test after 

washing and oven-dried. The sample was 

washed using the BS 200 sieve and the fraction 

retained on the sieve was air dried and used for 

the sieve analysis. The sieving was done by 

mechanical method using an automatic shakers 

and a set of sieves. Both wet and dry Sieve was 

carried out quantitatively to know the 

proportion by weight of the various sizes of 

particles present in the soil. Soils have wide 

range of particles sizes with different particles 

ranging from; Gravel 60.0-2.0(mm), Sand 2.0-

0.06(mm), Silt 0.06-0.002(mm) and Clay 

0.002(mm) equivalent particle diameter. For 

the coarse grain soil analysis, the gravel 

fraction retained on the No.7 B.S. Sieve is 

passed into Sieves; 38.1, 19.05mm, 9.35mm 

and 4.76mm B.S Sieve and the portion retained 

on each Sieve accompanied by a jarring action. 

For the fine grain analysis the sample which 

passes No. 7 B.S. Sieve are weighed and 

properly washed. The suspension was carefully 

removed and passed through No. 200 B.S. 

Sieve. The washed and retained materials on 

the No. 200 B.S. Sieve (during washing) were 

dried in the oven.  After drying the material is 

Sieved (in dry state) on the Nos  10, 14, 18, 25, 

36, 52, 72, 100, 150 and 200 B.S. Sieve. For the 

coarse analysis the Percentage (%) by weight 

of material will retained on the 38.1mm, 

19.05mm and 4.76mm B.S. Sieve. From these 

values the cumulative percentage by weight of 

the total sample passing the Sieve were 

calculated. In the analysis of fine materials, the 

percentage (%) of coarse, medium and fine 

sand in the sample will be calculated. The result 

of the coarse and fine analysis was plotted on 

semi-logarithmic graph. The percentages of the 

various fractions are expressed to the nearest 

1% and were plotted against the corresponding 

grain size. Alternatively, the results may be 

given in a tabular form, as the percentage of 

gravel, sand and clay in the original pre-treated 

soil sample. 

 

(2). Compaction test: Is the process by which 

the solid soil particles are packed more closely 

together by mechanical means, thus increasing 

the dry density Prakash and Jain (2002). 

 

Apparatus used: This involves the use of 

Compaction mould, capacity 1000ml, 

Rammer, Mass 2.6 kg, Detachable base plate, 

Collar 60mm high, IS sieve 4.75 mm, Oven, 

Desiccator, Weighing balance  accuracy 1g,  

Large mixing pan, Straight  edge, Spatula, 

Graduated jar, Mixing tools, spoons and 

trowels.  
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Test procedure: The mould and the base plate 

was first cleaned and greased lightly. The 

mould was weighed to the nearest 1 gram. 

About 16 – 18 kg of soil specimen was taken 

and water was added to it.  The soil was kept in 

an air-tight container for about 18 to 20 hours 

for maturing.  The soil was then mixed 

thoroughly and was divided into 5 parts. The 

collar was attached to the mould and the mould 

was placed on a solid base and about 2.5kg of 

the processed soil was placed in the mould in 3 

equal layers. About one-third of the quantity 

was first taken, and was compacted by giving 

25 blows of the rammer. The blows were 

uniformly distributed over the surface of each 

layer. The top surface of the first layer was 

scratched with spatula before placing the 

second layer. The second layer was also 

compacted for 25 blows of rammer. Likewise, 

the third layer was placed and compacted. The 

amount of the soil used was sufficient to fill the 

mould leaving about 5 mm above the top of the 

mould to be struck off when the collar is 

removed. The collar was removed and trims off 

the excess soil projecting above the mould 

using a straight edge. The base plate and the 

mould were cleaned from the outside and were 

weighed to the nearest gram again. After that 

the soil was removed from the mould.  The soil 

samples were taken for the water content 

determination from the top, middle and bottom 

portions. The water content was determined 

and about 3% of the water was added to a fresh 

portion of the processed soil and the steps was 

repeated. 

 

(3). Atterberg Limits (Liquid Limit, Plastic 

Limit, linear shrinkage and Plasticity 

Index): This test determines the clay content in 

terms of liquid limit, plastic limit, plasticity 

index and shrinkage potential in order to 

estimate plasticity, strength and settlement 

characteristics of the soil sample (Atterberg, 

1911).  

 

Apparatus used: This involves the use of 

Liquid limit device and grooving tools, 

distilled water, drying oven, weighing balance, 

desiccators, evaporating dish, watch glasses, 

drying cans and spatula.  

Test procedure: (a). The Liquid Limit: The 

Liquid Limit of a soil is the water content, 

normally in percentage, at which the two sides 

of a groove cut in the soil sample contained in 

the cup of a Casagrande device would touch 

over a length of 12 mm after 25 impacts or 

above (Casagrande, 1952).  It can also be 

describe as the minimum moisture content at 

which the soil will flow under its own weight. 

As the moisture is removed from a fine-grained 

soil it passes through a series of states that is 

liquid, plastic, semi-solid and solid. The 

moisture content of soil at the points where it 

passes from one stage to the next is known as 

consistency. The limit was determined on the 

portion of the soil finer than a No. 40 sieve or 

36 sieves. About 100gms of moist soil was 

mixed thoroughly with distilled water to form 

a uniform paste. The portion of the paste was 

placed in the cup of the liquid limit device; 

smoothen the surface off a maximum depth of 

½ inch (12.5mm) and draw the grooving tool 

through the sample along the symmetric axis of 

the cup, holding the tool perpendicular to the 

cup at the point of contact. The crank was 

turned at a rate of about two revolutions per 

second in other to count the blows necessary to 

close the groove in the soil on a distance of ½ 

inch (12.5mm). The groove was closed by the 

flow of the soil and not by slippage between the 

soil and the cup. About 10gms of soil was taken 

at approximately near the closed groove for a 

water content determination. By altering the 

water content of the soil, about four water 

content determinations in the range of ten to 

four blows was carried out. A graph of water 

content (%) against the number of blows was 

plotted. From the graph plotted, the liquid limit 

is the moisture content corresponding to 

twenty-five (25) number of blows. 

 

(b). The Plastic Limit: The Plastic  Limit  is 

the  minimum  water  content,  in  percentage,  

of  a  soil  at  which  threads  of  3mm  thickness  

can  be  rolled  out  without  crumbling or 

breaking.  About  100 grams of  moist soil  was  

rolled  out  into  the  thin  threads  on  the  glass  

plate  without  stretched  fingers.  The  threads  

are  folded  and  rolled  out  again  until  at  a  

diameter  of  3mm  start  to  crumble.  For  

checking  the  diameter  a  short  metal  rod  was  
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kept  at  hand. The average moisture content of 

the test gives the plastic limit.  

 

(c). The linear shrinkage: The linear 

shrinkage is the maximum moisture content at 

which further loss of moisture does not causes 

a decrease in the volume of the soil. The linear 

Shrinkage limit was determined by the use of 

Mould and Oven. The mould was thoroughly 

cleaned and a thin film of grease is applied to 

its inner walls in order to prevent the soil from 

adhering to the mould. A soil sample weighing 

about 150g was taken from the material passing 

sieve No. 36 (425 micrometre) was placed on 

flat glass plate and thoroughly mixed with 

distilled water until the soil becomes a smooth 

homogeneous paste, with moisture content 

approximately the liquid limit of the soil.  The 

mixed was then placed into the mould; the 

mould was then jarred in other to remove any 

air pockets in the mixture. The soil was levelled 

off along the top of the mould with the palette 

knife and all soil adhering to the walls of the 

mould shall be removed by wiping with a damp 

cloth.  The soil-water paste was placed in the 

mould such that it is slightly above the sides of 

the mould. Then the mould with the soil paste 

is dried in the oven for 24hours at a temperature 

of 105ºC to 110ºC.  The soil and the mould 

were removed from the oven, allowed to cool 

off and the mean length of the soil bar was 

measured. If the bar becomes curved during 

drying, it shall be carefully removed from the 

mould and the top and bottom length measured 

with a thread. The mean of these two lengths 

shall be taken   as the lengths of the oven-dried 

specimen. 

 

(4). Soil pH (soil and water) test: Were 

carried out to determine the acidity, neutrality 

and alkalinity of the soil (Odesina, 2012).  

 

Apparatus used: This involved the use of 

beaker, pH Meter (Hanna), a 40 g of dried and 

sieved soil with 40 mL of distilled water and a 

spoon to transfer the soil. 

 

Test procedure: The soil and the distilled water 

were thoroughly mixed with a spoon by stirring 

it. The stirred soil/water mixture was carried 

out for 30 seconds and then was waited for 3 

minutes for a total of five stirring/waiting 

cycles before dipping the pH meter into the 

mixture for pH recording.  

 

(5). California Bearing Ratio (CBR) Test: 
Were carried out in other to determine the 

mechanical strength and the bearing capacity of 

the soil. It is a semi empirical test that is often 

employed in the estimation of the bearing 

capacity of sub-grade, sub-base and base 

materials (Simon et al., 1973; Gidigasu, 1976).  

 

Apparatus used: This involves the use of 

Mould, Steel Cutting collar, Spacer Disc, 

Surcharge weight, Dial gauges, IS Sieves, 

Penetration Plunger and Loading Machine.  

 

Test procedure: For the soaked method of 

CBR test; - Compaction test were conducted on 

the soil samples to determine their optimum 

moisture content (OMC) and maximum dry 

density (MDD). The OMC and MDD of each 

sample were used to prepare a specimen for 

CBR test after 24hrs of soaking. After which, 

the CBR specimen was weighed and placed 

under the CBR machine and seating load of 

approximately 4.5kg was applied. Load was 

recorded at penetration of 2.5 and 5.0mm. The 

average CBR for both ends of the moulded 

specimen was calculated. For the un-soaked 

method of CBR test; - A portion of the air-dried 

sample was mixed with 5% of its weight of 

water. This was put in C.B.R mould in 5 layers 

with each layer compacted with 55 blows using 

a 4.5kg rammer. The compacted soil and the 

mould was weighed and placed under an 

automated CBR machine with proving ring 

factor of 0.0215KN/m3, and the Load was 

recorded at penetration interval of 0.25mm. 

 

(7). Consolidation test (Oedometer): Were 

carried out to determine the settlement 

parameters of the soil with respect to 

Coefficient of Consolidation (Cv), Coefficient 

of Compressibility (Mv), Total settlement (Pc) 

and Coefficient of permeability (K) to predict 

the rate and amount of settlement of a structure 

founded on a soil primarily due to volume 

change of the soil (Prakash and Jain, 2002). 
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Apparatus used: This involves the use of  

Oedometer Machine, Slotted (standard) 

weights, Spatula, Distilled water, Electric 

Oven, Moisture content cans, Aspirator, 

weighing balance readable to 0.01g and timer 

(stop watch or table clock). 

 

Test procedure:  The test procedure involves 

the collection of the soil specimen which is 

undisturbed via the use of core cutter.  An 

undisturbed soil sample was obtained and all 

the apparatus used was inspected to ensure that 

they are in good working condition. The 

specimen was prepared by pressing the 

consolidation ring against the soil until the ring 

fully accommodates the soil in it. The excess 

soil was trimmed on both top and bottom of the 

ring to obtain a specimen equal the rate 

dimension of the consolidation ring that is 

50mm in diameter and 19mm in height. The 

specimen was placed in the ring on the porous 

stone in the consolidation cell. The guide was 

placed to hold the specimen firmly in position 

and the nuts was screwed. The porous stone 

was placed on the specimen and the loading 

frame was adjusted to have contact with the 

soil. The dial gauge was adjusted to zero and 

distilled water was added to the consolidation 

cell and was allowed to stay for few minutes 

before loading. The dial gauge was re-adjusted 

to zero and the timer to 00: 00: 00. The system 

was loaded via the loading yoke with 1.00kg 

load and was simultaneously observed by dial 

gauge readings. The timer was started and was 

notice until the time elapsed. The dial gauge 

readings was taken to the corresponding  time 

from the start of the loading; 0.00, 0.25, 1.00, 

2.25, 4.00, 6.25, 9.00, 12.25, 25.00, 60.00, 

δ120.00, 240.00, 360.00 and 1440.00. If two 

successive dial readings have the same values 

at two successive times, the prevailing load on 

the system should be doubled at any time, as 

the case may be. The loads were removed after 

taking the complete dial gauge readings. The 

load was taken after taking the complete dial 

gauge readings. The moisture content of the 

specimen was determined after the test and also 

the specific gravity of the soil specimen. The 

laboratory date on the standard form (Data 

sheet) was entered. The change in thickness 

(δh), thickness of the specimen (h) and the 

mean thickness of the specimen was computed. 

The graph of the dial gauge readings on the Y-

axis against the square root of time on the X-

axis was plotted. The Primary tangent was 

drawn and also the secondary tangent of 1.15 

was also drawn from the primary tangent and 

the value of t90 was determined from the graph.    

 

(8). Natural Moisture Content (NMC) test: 

Were carried out to determine the existing 

moisture contained in a given soil sample. It is 

expressed as a percentage, by comparing with 

the weight of water to the weight of dry soil 

(Sidi et al., 2015).  

 

Apparatus used: This involves the use of 

electric oven, moisture content cans, scoop, 

weighing balance, desiccator and soil sample.  

 

Test procedure:  The test was carried out with 

an undisturbed soil sample collected from the 

field. Three moisture cans was obtained and 

their identification numbers was known and 

was weighed using the weighing balance empty 

with their lids in place. The soil sample was 

mixed thoroughly and about 45g of the soil was 

introduced into each of the cans. The can 

containing the wet soil was weighed and was 

put into the electric oven  at the regulated 

temperature of between 105ºC-115ºC with the 

lids opened. The can was remained in the oven 

at the regulated temperature range for 24hours 

to ensure total dryness. After dryness the 

container was removed from the oven and the 

lids was replaced. The can was allowed to cool 

down in the desiccator for few minutes and the 

can containing the dried soil was weighed. All 

the data obtained was recorded to compute the 

moisture content. The average of the calculated 

moisture content of the cans give the moisture 

content of the soil tested. 

 

(9). Specific gravity (SG) test:  Were carried 

out to determine the ratio of the mass of soil 

solids to the mass of an equal volume of water 

for qualitative behaviour of soil (Raj, 2012).  

 

Apparatus used: This involves the use of 

Sample tray, 50ml density bottle, Scoop, 

weighing balance, funnel, soil sample, distilled 

water and Aspirator (washed bottle).  
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Test procedure: The soil sample was first 

obtained and was sun dry. The apparatus was 

first inspected to make sure they are all in good 

working condition. The empty 50ml density 

bottle was weighed. About 50g of the dried soil 

sample was put into the density bottle; the cap 

was first replaced and was weighed with the 

dry sample inside the bottle. The Aspirator was 

used to add the distilled water into the density 

bottle half way and the content was shaked. The 

content was added with distilled water to the 

brim of the density bottle and was replaced 

with the cap. The water content outside the 

surface of the density bottle was wiped with a 

clean cloth. The density bottle, the soil and the 

distilled water was also weighed. The contents 

of the density bottle were emptied and were 

washed again. The density bottle was filled 

with distilled water and the excess water on the 

outside surface of the density bottle was wiped 

and the density bottle plus the mixture (distilled 

water plus the soil) was also weighed only. The 

data obtained was recorded in other to compute 

the specific gravity of the soil. The average 

value of the calculated specific gravity test was 

obtained in other to give the final Specific 

gravity (GS) of the soil tested.  

 

Results 

(a) Geological Analysis 

The geology of the study area can be 

largely classified into granites (Biotite-

microgranite, N’gell biotite-granite, Jos-

biotite-granite and Aplo-pegmatitic Granite 

Gneiss) with lateritic deposit as residual 

materials derived from the weathering of the 

rocks (Figure 4). The Jos-Biotite-Granites are 

the predominate rocks in the area. It is wide 

spread and occurred as cross cutting sheets 

with irregular shape. Texturally the rocks is 

mostly medium to coarse grained and have 

been affected by weathering along the joint 

planes thus breaking the rocks into large 

boulders. According to Akanbi et al., (2012), 

the Jos-biotite-granite is associated with 

Cassiterite and these have suffered a higher 

degree of late albitization. The Cassiterite is 

also associated with other minerals such as 

Columbite, Monazite and accessories like 

Zircon and Topaz. The Aplo-pegmatitic-

granite-gneiss occupies a little portion of the 

geologic map towards the extreme ends and 

cuts across the Jos-biotite granites.  Daku et al., 

(2019) describe its mode of occurrence as 

irregular shape. The N’gell-biotite-granite is 

granular in shape and is usually pink in colour, 

often associated with Cassiterite and 

Columbite mineralisation. The Biotite micro-

granite represents the upper, flat-lying roof 

sections of the ring intrusions and some of 

these are remarkably shallow in comparison 

with their lateral dimensions. Others are stock 

and bosses with steeply dipping contacts, 

which probably continued to a considerable 

depth (Alkali and Yusuf, 2010).  The 

prominent hilly features in the study area are 

Inselbergs, and whalebacks which belong to 

the category of residual hills commonly 

associated with massive granites bodies. 

Structures (which are generally considered as 

evidence of deformation left as imprints on 

rocks) in the area includes;  joints, veins, dykes, 

foliations and faults, trend mainly in the NE-

SW  and NW-SE direction (Olasehinde et al., 

2012). As a result of weathering activity, the 

rocks of the study area have undergone 

immense  laterization resulting  in the  

formation of  laterites  in areas that  were  

formerly  covered  by  rocks with only the 

ironstone capping been seen on the surface (Lar 

et al., 2011). 
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Figure 4: Geological Map of the study area. 

 

Table 1: Summary of the Laboratory Results 
Trial 

pit No 

 

Sieve 

Analysis 

Test 

Compaction test Atterberg Limit test Soil  

pH 

test 

CBR 

Value of the soil tested 

(%) 

- (% 

passing) 

MDD 

(g/cm3) 

OMC 

(%) 

LL 

(%) 

PL 

(%) 

PI 

(%) 

- SOAKED UN-

SOAKED 

1 40.76 1.84 15.22 34.00 19.14 14.86 6.5 31.00 79.47 

2 38.42 1.71 16.35 43.00 22.15 20.85 6.9 49.50 74.50 

3 50.54 1.64 17.62 39.00 25.66 13.34 6.6 26.30 75.10 

4 62.68 1.82 17.05 38.00 18.33 19.67 7.8 74.70 68.31 

5 31.62 1.62 18.19 42.00 24.05 17.95 7.4 82.70 71.85 

6 67.66 1.67 20.60 35.00 26.37 8.63 6.7 36.70 74.76 

7 57.84 1.66 19.21 41.00 18.33 22.67 5.4 54.30 95.46 

8 45.50 1.68 15.76 33.00 20.00 13.00 5.9 21.00 50.75 

9 36.32 1.69 18.69 37.00 16.23 20.77 7.1 93.00 96.61 

10 45.06 1.70 18.40 45.00 24.05 20.95 5.2 68.00 91.08 

 

Table 2: Summary of the Laboratory Results 
Trial 

pit No 

Direct shear test Moisture 

Content 

Specific 

Gravity test 

Consolidation test 

 Angle of Internal 

Friction (Øº) 

Cohesive Strength 

(KN/m2) 

Average Moisture 

Content (%) 

 

- 

Total Settlement Pc 

(M) 

1 9 13 32.15 2.69 0.0013 

2 6 15 17.30 2.57 0.0009 

3 26 16 22.50 2.63 0.0019 

4 17 23 37.15 2.64 0.0005 

5 21 17 8.18 2.73 0.0008 

6 15 13 31.77 2.63 0.0016 

7 23 18 27.43 2.68 0.0019 

8 24 22 41.16 2.71 0.0009 

9 18 24 39.75 2.71 0.0008 

10 14 16 46.36 2.73 0.0011 
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Discussion 

The result of the laboratory analyses are 

summarized in Table 1 and 2, while the revised 

AASHTO system of soil classification is 

contained in Table 3. The compaction 

classification of the soil is shown in table 4 and 

the geological map showing the rock 

lithologies are shown in Figure 4. Federal 

Ministry of Works and Housing general 

specification for roads and bridges is shown in 

Table 5 while the Casagrande Plasticity Chart 

of the soils is shown in Figure 5. From the 

results of the laboratory analysis (Table 1); The 

Atterberg limit test reveals that the; liquid 

limits value ranged from 33.0% to 45.0%, 

plastic limits varied from 16.23% to 26.37%, 

and the plasticity index is of the order 8.63% to 

22.67%. Atterberg limit is one of the most 

important geotechnical parameters in civil 

engineering works that helps to known the 

relative ease with which a soil can be deformed 

when interacts with water (Akintola et al., 

2014). According to Nigerian Federal Ministry 

of Works and Housing   (2010) for roads and 

bridges works the recommended liquid limits 

shall be less than but not greater than 35% and 

a maximum plasticity index shall be less than 

but not greater than 12% (table 5) for sub-

grade, sub-base and base materials; and this 

shows that only sample 1, 6 and 8 has falls 

within the specification. While for the 

Plasticity index only sample 6 has fall within 

the specification required. The values of the 

plastic limit are very important for the earth 

roads, clay core in an earth fill dam, foundation 

design, building, retaining walls, slab bridges, 

suitability of the soil on a slope and other 

excavation works. According to Prakash and 

Jain (2002) soil with Plasticity index greater 

than seventeen (PI>17) is clay and it will 

exhibit high plasticity with cohesive nature, 

and this can cause cracks, peeling, differential 

heave and deformation in engineering 

structures like buildings, roads, highway 

pavement and retaining walls when it absorbs 

water. According to Casagrande Plasticity 

Chart (figure 5), the soil can be classified as 

organic clay and silt. 

 

Figure 5: Casagrande Plasticity Chart (after Casagrande 1952).  

  

 The results of the sieve analysis of the 

soil also known as the grain size analysis 

reveals that the percentage passing ranges from 

31.62% to 67.66% (Table 1). Apparao and Rao 

(1995) have explained that the grain size 

analysis is widely used in classification of soils. 

Bowles (2012) found that grain-size is one of 

the suitable criteria of soils for roads, airfield, 

levee, building, dam and other embankment 

construction. According to Nigerian Federal 

Ministry of Works and Housing (2010) (Table 

5), the specification requirement for a sample 

to be used for civil engineering constructions 

like roads and bridges the percentage by weight 

of the soil passing the No. 200 sieves shall be 

less than but not greater than 35%. Based on the 

AASHTO (2003) system of soil classification 

(Table 3), the samples under review were not 

good samples because the percentage by 

weight passing BS sieve No. 200 for the soil 

has exceed 35% except the sample collected at 

trial pit 5 (Table 1). The soil can be classified 

as silty-clay materials (A-4), (A-5), (A-6) and 

(A-7) based on the AASHTO (2003) system of 

soil classification. This shows that  all these 

locations will be good  for  dam construction 
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due to high percentage of clay and silt  content  

in the soil  which indicates  low  permeability 

(low hydraulic conductivity)  and will not  

results to seepage problem.

 
 

Table 3:  Revised AASHTO system of soil classification (2003). 
General 

Classification 
General Materials  

(35% or less passing 0.075 mm) 

Silt-clay materials  

(more than 35% passing 0.075 mm) 

Group 

Classification 
A-1 A-3 A-2 A-4 A-5 A-6 A-7 

A-1-

a 

A-1-b A-2-4 A-2-5 A-2-6 A-2-7    A-7-5  

A-7-6 
Sieve Analysis % 
passing 

2.00 mm (No 10) 

0.425 mm (No 40) 

0.725mm (No 200) 

50max 

30max 

15max 

50max 

25max 

51min 

10max 

35max 35max 35max 35max 36min 36min 36min 36min 

Characteristics of 

fraction passing 
Liquid limit Plastic 

Index 

6max N.P 40max 

10max 

41min 

10max 

40max 

11min 

41min 

11min 

40max 

10max 

41min 

10max 

40max 

11min 

40min 

11min 

Usual types of 

significant 

constituent material 

Stone fragment 

Gravel and sand 

Fine Sand Silty or clayey Gravel and sand Silty soils Clayey soils 

General rating Excellent to Good Fair to poor 

 

 From the results of the direct shear test 

(Table 2), the values of cohesive strength (c) 

ranges from 13KN/m2 to 24KN/m2 with angle 

of internal resistance (ø) that varied from 9° to 

26°. This shows that the soil is of silty-clay 

material due to high cohesive strength (c) and 

low angle of internal friction (ø). According to 

As per Mollahasani et al., (2011) soils with 

high plasticity like clayed soils exhibits higher 

cohesion and lower angle of internal resistance. 

This indicates that the soil will not be useful for 

the construction of civil engineering structures 

except earth dam. The result of the 

consolidation test shows that the total 

settlement (Pc) ranges from 0.0005m to 

0.0019m (Table 2). This may be attributed to 

the poor hydraulic conductivity of the soil; 

hence the soil will continue to reduce in volume 

over a long period of time after the immediate 

settlement and may be several times greater 

than the immediate settlement. According to 

Prakash and Jain (2002) consolidation data 

obtained from a soil is useful in predicting the 

rate and amount of settlement of civil 

engineering structures primarily due to volume 

change. The Soil pH values ranges from 5.2 to 

7.8      (Table 1). Soil pH from 0-7 is acidic, 7 

are neutral and from 8-14 is alkaline Odesina 

(2012).  The result of the soil pH shows that 

most of the soil samples are within the acidic 

limit except the sample collected at location 4, 

5 and 9 which are neutral. According to Oyubu 

(2015) acidic soil can lead to extreme corrosion 

of metallic objects use in civil engineering 

constructions and this can results to structural 

damage. A neutral pH of 7 is most desirable    to 

minimize the potential damage to earthen 

structures. Olayinkanola  et al., (2016) reported 

that fine-grained soils such as clays and some 

silts are considered to have a greater corrosion 

potential because they typically have low 

hydraulic conductivity resulting from the 

accumulation of acid and base forming 

materials which cannot be leached out very 

quickly. Soil pH below and above 7 can have 

strong influence on the engineering properties 

of the soil in the presence of moisture/water. 

The specific gravity for the studied soil 

samples ranged from 2.57-2.73 (Table 2). 

According to specification, a good lateritic 

material should have specific gravity ranging 

from 2.50-2.75. Based on the samples under 

review it has fall within the acceptable 

specification. According to Roy and Dass 

(2014) increase in specific gravity can increase 

the shear strength parameters (cohesion and 

angle of shearing resistance). Based on the 

result, it shows that the soil can be 

recommended for the construction of civil 

engineering structures such as; roads, bridges, 

buildings, airfield and retaining walls. The 

specific gravity is an important index property 
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of soils that is closely linked with mineralogy 

or chemical composition (Oyediran and 

Durojaiye, 2011). The results of the Natural 

moisture content test of the soil varied from 

8.18% to 46.36% (Table 2). According to 

Ramamurthy and Sitharam (2005) moisture 

content is one of the factors that affect dry 

density of soils.  The moisture content of 

various soils generally ranges from 10% to 

15% for sand, 15% to 30% for silt and 30% to 

50% for clay. Some soil such as bay mud has 

moisture contents of 100% to 200% (Sidi et al., 

2015). The result shows that most of the soils 

within the study area are silty-clay material 

with the exception of location 5. These indicate 

poor water absorption capacity and can be 

problematic to civil engineering structures due 

to its expansive nature when comes in contact 

with water and cracks when shrink. The reason 

for high moisture content of the soil could be 

attributed to the fact that high rainfall could 

have increase the water table. The low value of 

natural moisture content indicates that the 

water table fluctuates during the dry season. 

The results of the  compaction test shows that; 

the Optimum Moisture Content (OMC) of the 

soil ranged from 15.22% - 20.60% while that 

of maximum dry density (MDD) varied 

between 1.62 mg/cm3-1.84 mg/cm3 (Table 1). 

According to O “Flaherty (2001) the ranges of 

values that may be anticipated when using the 

standard proctor test methods are: for clay, 

OMC may fall between 20%-30% and 

Maximum Dry Density (MDD) between 

1.44mg/m3-1.685mg/m3. For silty clay OMC 

may range between 15%-25% and MDD 

between 1.60 mg/m3-1.845mg/m3. For sandy 

clay, OMC may fall between 8%-15% and 

MDD from 1.75mg/m3-2.165mg/m3 (Table 4). 

Looking at the results, it could be noticed that 

the samples are silty-clay. The results will help 

to evaluate the quality of compacted fills and 

the stability of earthen dams, embankments, 

roads, buildings, retaining walls and airfield. 

According to Kaniraj (1988), Apparao and Rao 

(1995) compaction increases the shear strength, 

reduces compressibility and permeability of the 

soil.
 

Table 4: Compaction Classification (Modified from O’Flaherty 2001). 

Maximum Dry Density (Mg/m3) Optimum Moisture Content (%)  Classification 

1.44-1.685 20-30 Clay 

1.60-1.845 15-25 Silty-clay 

1.75-2.165 8-15 Sandy-clay 

 

 The values of the California Bearing 

Ratio (CBR) test for the soaked and un-soaked 

soil samples range from 21.0% to 93.0% and 

50.75% to 96.61% (Table 1). According to 

Nigerian Federal Ministry of Works and 

Housing (2010) the recommended values to be 

used for      sub-grade, sub-base and base 

materials should be ≥10%, ≥30% and ≥80% 

respectively     (Table 5). The California 

Bearing Ratio (CBR) test for the Soaked soil 

samples shows that samples collected at 

location 1, 2, 4, 5, 6, 7, 9 and 10 has passed the 

recommended value for the sub-base with the 

exception of samples collected at location 3 and 

8 which can only serve as an excellent sub-

grade material. While the California Bearing 

Ratio (CBR) test for the    un-soaked soil 

samples shows that samples collected at 

location 1, 2, 3, 4, 5, 6 and 8 has not passed the 

recommended value for the Base-course it can 

only serve as an excellent material for sub-base 

except the sample collected at location 7, 9 and 

10. The overall rating of the soil samples shows 

that most of the soil can mostly be used as sub-

base materials. The values of the California 

Bearing Ratio (CBR) test can be used to 

evaluate the potential strength of     sub-grade, 

sub-base and base course materials for 

supporting road, railway, airfield, bridge, 

building and design of flexible pavements.
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Table 5: Nigerian specification of soil for the constructions of roads and bridges (2010). 
Location 1 2 3 4 5 6 7 8 9 10 

Sample P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

L.L (≤35%) 34.00 

Pass 

43.00 

Fail 

39.00 

Fail 

38.00 

Fail 

42.00 

Fail 

35.00 

Pass 

41.00 

Fail 

33.00 

Pass 

37.00 

Fail 

45.00 

Fail 

P.I (≤12%)  

Comment 

14.86 

Fail 

20.85 

Fail 

13.34 

Fail 

19.67 

Fail 

17.95 

Fail 

8.63 

Pass 

22.67 

Fail 

13.00 

Fail 

20.77 

Fail 

20.95 

Fail 

C.B.R soaked 

for Sub-base 

(≥30%) 

31.00 

Pass 

49.50 

Pass 

26.30 

Fail 

74.70 

Pass 

82.70 

Pass 

36.70 

Pass 

54.30 

Pass 

21.00 

Fail 

93.00 

Pass 

68.00 

Pass 

C.B.R un-soaked 

Base-course 

(≥80%) 

79.47 

Fail 

74.50 

Fail 

75.10 

Fail 

68.31 

Fail 

71.85 

Fail 

74.76 

Fail 

95.46 

Pass 

50.88 

Fail 

96.51 

Pass 

91.08 

Pass 

Overall Rating Sub 

base 

Sub 

base 

Sub 

base 

Sub 

base 

Sub 

base 

Sub 

base 

Base 

course 

Sub  

base 

Base 

course 

Base 

course 

 

Conclusion 

The geotechnical assessment of the 

lateritic soil of Jos and Environs, North Central 

part of Nigeria was carried out in accordance 

with British Standard (BS) methods of soil 

testing    (BS 1377 1990 and BSI 5930 1990) 

for civil engineers. The geotechnical 

parameters obtained shows that the soil 

samples are silty-clayey materials which are 

unsuitable for most civil engineering 

constructions because they have poor bearing 

capacities. They would make fair to poor sub-

grades because of their grain sizes and 

relatively high plasticity index but can be 

useful as dam embankment materials. Hence 

great care must be taken when they are put to 

use in civil engineering work. This is because 

silty-clays materials can be expansive in nature 

especially when they come in contact with 

water and can exhibit cracks when it shrinks. 

Conclusively, the possible causes of cracks, 

potholes, peeling and deformations seen on the 

roads and buildings could be as a result of silty-

clay materials and this can reduce its life span 

leading to structural damage because of the use 

of material with low bearing capacity.  
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