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Abstract 

Some engineering properties of Ugbokolo soil in relation to foundation problems have been 

studied using standard laboratory procedures. Soil classification and estimation of few of its 

geotechnical properties were also done. The analytical results reveal that the Ugbokolo soil is 

a coarse-grained lateritic sandy soil. It is cohesionless and non-plastic in nature. In addition, it 

possesses a low consistency state, besides being non-active. Soils of this nature on loading 

could result in gradual transfer of load from fluids to the mineral skeleton; as water moves 

through the soil. This results in differential settlement over a long period of time. This failure 

has been the experience of many engineering structures in the Ugbokolo district. Therefore, it 

is recommended that proper engineering appraisal including mechanical compaction be 

carried out before foundation work is established on the soil. 
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1. Introduction 

The object of this investigation is to 

conduct a preliminary investigation on the 

engineering properties of soil in Ugbokolo 

area in Benue State of Nigeria. This is with 

a view to ascertaining its relation to the 

recurring foundation problems in the 

studied area. 

Lateritic soil is that which possesses 

relatively higher amount of iron oxides to 

aluminum oxide in its chemical constituent 

[1] Studies of soils in the middle belt of 

Nigeria by previous authors show that the 

first six meters of these soils are generally 

lateritic in nature. These could range from 
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lateritic gravel viz sand to lateritic clay 

soils. While it is generally accepted that 

lateritic soils are non problematic in 

geotechnical works, problematic lateritic 

soils have been identified as those that are 

troublesome in highway, earth dam and 

building constructions [2]. A review of the 

engineering problems peculiar to lateritic 

soils has been carried out by previous 

authors. It has been opinioned that the 

differences between the problematic 

lateritic soils and the non-problematic 

lateritic soils could be narrowed down to 

two properties [3]. They are mechanical 

and thermal instability characteristics of 

the soil [8]. Mechanical instability is 

defined as the susceptibility to change of 

the soil as a result of the addition of small 

levels of mechanical energy. Thermal 

instability is defined as the susceptibility  

 

of change of the soil on the addition of 

small levels of thermal energy [4]. These 

changes of mechanical and thermal 

energies are commonly encountered in 

routine sampling, handling and testing of 

the soils as engineering materials; 

including drying below 120
o
C for thermal 

instability. 

Mechanical instability expresses itself in 

changes that occur on remolding and 

manipulation of a soil from its in-situ state. 

This results in the breakdown of 

cementation and of the structure. It affects 

engineering parameters such as grain size, 

atterberg limits, moisture density 

distribution [5]. Some of these engineering 

properties have been described in this 

report in relation to foundation problems 

encountered in the studied area.  

 

2. Location and geology of the studied area 

Ugbokolo is located in Okpokwu Local 

Government Area in the western part of 

Benue State along latitude 70 101N (see 

Fig 2). The area is bounded by Otukpo in 

the north and Okpoga in the west. The 

major streams are Okpe and Onyibiuku. 

The major roads are the Federal Highway 

passing through Otukpo to Enugu and the 

other road is the old Ugbokolo –Enugu 

road. The major footpaths are Ankpeki and 

Ukpati. The transverses on the field are 

mainly through footpaths. 

The study area falls within the Benue 

trough of Nigeria; which is sediment fill 

rift (Aulacogen) containing more than 

5000m of sedimentary rocks [6]. These are 

marine and fluvial deltaic sediments 

ranging from Albian to Maestrichian age.  

Benue trough is subdivided into regions 

for stratigraphic correlation as follows:  

1. The Upper or North Eastern Benue 

trough 

2. The Middle Benue trough 
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3. The Lower Benue trough which covers 

the area south and west of the studied area. 

The studied area forms part of the lower 

Benue trough  [7] 

  

 

 

                                                                                    Figure 1: Location map of study area 

3. Methodology 

During the field survey, over 20 soil 

samples were collected and described. Soil 

samples were collected at different 

locations at an average depth of 1m. The 

soils were classified using USDA system 

[8]. Laboratory analysis was performed at 

the Federal University of Agriculture, 

Makurdi, Nigeria, using standard 

laboratory procedures.  Particle size 

analysis was carried out using mechanical 

sieve analyzer and hydrometer methods. 

Prior to sieving, samples were broken-up 

with a mortar and pestle. A standard set of 

sieves were used, including numbers 4, 10, 

20, 40, 60, 140, and 200. The sample 

portion retained in each sieve was weighed 

to determine the distribution of gravel and 

sand size particles. Fines were collected in 

a pan placed at the bottom of the stacked 

sieves. After dry sieving, the fines 

(silt/clay) were set aside for later use in 

hydrometer analysis. 

Hydrometer analysis was used to measure 

the silt and clay distribution of the sample 

that passed through the number 200 sieve. 

The fines collected in the pan during 

mechanical sieving were soaked overnight 

in 125 ml of sodium hexametaphosphate 

solution in order to disperse the grains. 

Afterwards, the suspension was placed in a 

blender for 10 minutes for further 

dispersion. 

Next, the suspension was diluted to 1000 

ml with distilled water, placed in a 

hydrometer cylinder and the test conducted 

using a 152H hydrometer. A trial pit test 

was dug in each case to permit the 

collection of reliable samples. These 

samples were air dried and pulverized for 

soil particle size fraction [9]. 
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For the determination of atterberg limits, 

only materials passing through a 425 µm 

BS sieve were employed. The soils were 

treated to the proper degree of plasticity, 

quickly weighed and were then placed in 

an electric oven and left for twenty four 

hours at 110
o
C. They were then measured 

and reweighed for the computation of the 

following parameters: plasticity index, 

consistency, activity, water of plasticity 

and drying shrinkage.  

Plasticity describes the ability of a soil to 

undergo unrecoverable deformation at 

constant volume. It is usually due to the 

presence of clay minerals and organic 

materials. The ratio of mass of water in the 

soil to the mass of solid particles is known 

as its consistency. The degree of plasticity 

of the clay size fraction of a soil is 

expressed by the ratio of the plasticity 

index (i.e. liquid limit minus plastic limit) 

to the percentage of clay fraction. It is 

called the activity of the soil. The 

approximate percentage of water of 

plasticity is the water added to clay to give 

it plasticity best for molding. Shrinkage 

water is the total water given off by the 

time drying shrinkage ceases. Pore water is 

that portion of water of plasticity still not 

released after the sample is thoroughly air 

dried (Table 1). Consolidation test was 

carried out using a standard Odometer. 

Samples were selected by visually 

examining the core, and removing sections 

that appeared to be representative fine 

grained material. The samples were moist, 

and all were quickly wrapped in plastic 

film to reduce dehydration. Tests were 

conducted using standard procedures as 

described by previous authors [9, 10, 11].  

The test involves applying increments of 

vertical static load to the sample and 

recording the corresponding settlement. 

Increments of vertical static load are 

usually applied using dead loads and a 

static loading system. The change in the 

thickness of the sample against time is 

recorded during each loading increment. 

The duration of the application of each 

load depends on the soil and its 

consolidation characteristics. Once 

equilibrium reached for a loading step, the 

next increment is applied. The load is 

doubled at each increment until reaching 

the maximum required load. When the full 

consolidation at the maximum applied load 

is reached, the sample is unloaded in one 

or several stages and the swelling of the 

sample is recorded. At the end of the test, 

the sample is carefully removed and its 

thickness and water content is measured. 

The hydraulic conductivity of recompacted 

samples from the study area was measured 

in a triaxial cell using the constant head 

method [9]. Samples that appeared to be 

visually representative of the sandy 

portions of the core were chosen for 

triaxial permeability testing, although we 
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discovered that many of these samples had 

appreciable fine grained components.  

Samples that contained very coarse sand 

granules were not selected in order to 

make sure that the typical grain size was 

much smaller than the diameter of the 

triaxial samples. Our original intention 

was to use trimmed undisturbed samples; 

however, the sandy materials were brittle 

and intact samples could not be removed 

from the core. Each sample was manually 

disaggregated and homogenized, then 

recompacted in a cylindrical mold to a 

length of 7.4 to 8.6 cm and a diameter of 

3.6 cm. Hydraulic conductivity was 

measured for flow parallel to the long axis 

of the sample (i.e., perpendicular to the 

direction of compaction). 

The hydraulic conductivity was measured 

under confining pressures of 

approximately 69, 

207, 345, 483, and 621 [11]. 

 

 

 

         Figure 2: Particle size analysis of soil of the studied area 
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Table 1: consolidation test of undisturbed soils  

Consolidation 

pressure (Kpa) 

Void ratio Coefficient of 

consolidation 

m
2
/s 

Vertical hydraulic 

conductivity 

 m/s 

25 0.99 1.44 x 10
-8

 2.15 x10
-4

 

75 0.96 4.94 x10
-11

 3.3 x10
-4

 

150 0.92 3.44 x10
-10

 1.75 x10
-4

 

300 0.88 2 x10
-11

 1.86 x10
-4

 

600 0.86 2.19 x 10
-11

 0.5 x10
-4

 

1200 0.78 5.92 x 10
-13

 3.58 x10
-4

 

1800 0.76 3.21 x 10
-13

 1.39 x10
-4

 

 

 

Table 2: triaxial hydraulic conductivity test 

Confining Pressure (Kpa) Hydraulic conductivity 

(m/s) 

Axial load (kg) 

65 1.07 x10
-5

 0.7 

200 1.48 x10
-7

 -0.83 

300 1.93 x10
-7

 -2.44 

400 145 x10
-7

 -2.93 

600 2.36 x10
-7

 -5.9 

 

 

4. Results and Discussions 

Analytical results show that the soil which 

is reddish brown to light brown in color, 

exhibits the typical colour of lateritic soil.  

[4]. However, the sand percent of 40 and 

clay content of 19 makes it lateritic sandy 

clay soil (Table 3). The soil possesses a 

negative plasticity index indicating that the 

soil is non-plastic. In addition, the soil 

possesses low consistency and negative 

activity i.e. non-active. Water of plasticity 

is low when compared with the clay water 

of plasticity [12, 13, 14]. Percent shrinkage 

water is high and correlates with the low 

percent of pore water (Figure 2, Table 4).   
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Table 3: percent gravel, sand and fines 

Sample No.  % gravel 

>2mm 

% sand  

2mm-0.74mm 

% silt and clay 

<0.074mm 

1 38.8 46.52 14.76 

2 41.23 42.77 16.98 

3 41.88 39.90 18.20 

4 36.37 45.58 18.00 

5 46.65 42.28 11.06 

6 37.44 47.22 15.31 

7 39.51 46.44 12.07 

8 41.04 40.26 18.38 

9 45.12 38.21 16.65 

10 40.66 39.97 19.33 

 

Also, it is a non-plastic soil with low 

shearing resistance. Coarse sand and 

gravel which are lateritic are relatively 

stable when properly drained. However, 

lateritic sandy clay soil of this nature could 

be problematic because water tends to 

flow through it slowly. This can greatly 

affect the internal function of the soil by 

altering the grain size content. This could 

result in the mechanical instability of the 

soil.   

Consolidation and triaxial tests reveal that 

the soil is unconsolidated and cohesionless 

in nature (Tables 1, 2). An important 

consequence of loading this kind of soil is 

the gradual transfer of load from fluids to 

the mineral skeleton as water moves 

through the soil. This could result in 

differential secondary settlement of the 

soil over time. This is the experience of 

most engineering structures in the studied 

area [15, 16].  

Usually, the minimum of least pressure 

that will cause complete shear failure of 

the soil in the vicinity of a foundation 

defines the ultimate bearing capacity. For 

soil in the studied area, changes from 

elastic to plastic equilibrium and then to 

shear failure will be relatively large.  

Hence differential settlement may not be 

noticed immediately except after a long 

period of time [17, 18]. 
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Table 4: Some engineering properties of soil in the studied area 
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1 46 80.5 6.0 6.80 35.4 14.45 12.10 2.0 

2 52 86.5 6.4 6.40 35.6 15.20 12.60 2.70 

3 48 86.4 5.5 6.30 35.0 15.70 13.80 2.00 

4 48 85.9 5.7 6.50 36.7 15.25 14.00 2.40 

5 49 87.3 6.0 7.00 34.9 16.00 13.55 2.70 

6 53 88.4 5.0 6.20 35.0 15.50 13.00 2.00 

7 49 85.0 5.4 6.40 35.5 15.75 13.50 2.400 

8 52 87.0 6.3 6.80 35.8 16.20 12.25 2.600 

9 52 87.4 6.0 6.10 35.0 15.85 13.35 2.500 

10 51 87.5 6.5 6.70 35.0 16.10 13.80 2.00 

Average 50 85.20 5.8 6.50 35.2 15.60 13.30 2.300 

 

5. Conclusions 

Field and laboratory studies have been 

carried out on Ugbokolo soil, Benue State 

in Nigeria. Characterization involves 

particle size analysis, consolidation test, 

hydraulic conductivity test, liquid limit, 

plastic limit, consistency, pore water, 

activity, water of plasticity and shrinkage 

water. The results reveal that the Ugbokolo 

soil in Nigeria is a loose, unconsolidated 

lateritic sandy clay soil which is non-

active and non-plastic.  It possesses low 

shearing resistance and its consistency is 

low. This kind of soil is susceptible to 

differential secondary settlement around 

the vicinity of foundations. It is 

recommended that proper compaction be 

carried out before any foundation work is 

established on the soil. This can help 

minimize differential settlement secondary 

settlement over a long period of time. 
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