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Abstract 
Soil classification systems are used to help predict soil behaviour and provide information to geologists, 

engineers, builders, agricultural extension agents, community planners, and government agencies. 

Geoscientists and engineers use soil classification systems to characterize soils, determine potential behaviour, 

and understand limitations of the soils encountered in construction projects. Grain size analysis was used to 

investigate soil gradation and classification of the study area. The particle size distribution curves show that the 

soil samples were predominantly composed of fine-medium sands, with a lesser proportion of coarse sand and 

gravel fractions. The sands were generally poorly graded with coefficient of uniformity ranging between 2.8 to 

4.3 while the minimum and maximum values for the coefficient of curvature is 0.77 and 2.1 respectively. 

Effective size, uniformity coefficient, coefficient of sorting and coefficient of gradation were derived. From the 

results, classification of the thirty soil samples was such that, 6 samples each were of Fat Clay (CH) or Elastic 

Silt (MH) and Lean Clay categories respectively, 10 samples were classified as Clayey Sand (SC) or Silty Sand 

(SM), while 4 samples each were Poorly Graded Sand with Silt (SP-SM) and Poorly Graded Sand (SP) 

respectively. Generally, the upper sections (< 10m depth) were dominated by fine (clay and silt) sediments, 

while the proportion of coarse (sand and gravel) increased with depth. 
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I. Introduction 
Coarse grained soil can be ranked based on diverse particle sizes contained in the soil, the 

classification of the coarse-grained soil is called Soil gradation (1). Soil gradation is a vital aspect of 

geotechnical engineering and soil mechanics. It also indicates the presence of engineering parameters such as 

hydraulic conductivity, shear strength and compressibility. Site design and ground water drainage of sites are 

controlled by the gradation of the on-site or in situ spoils. A well graded soil will have less effective drainage 

than a poorly graded soil, though the quality of clay must be put in the consideration. Soil gradation is gotten by 

studying the results of hydrometer analysis or sieve analysis. Soils can be graded through the use of AASHTO 

soil classification system of the United soil classification system. Grain size distribution curve is used to 

determine soil gradation, this distribution curve produced from the results of various laboratory tests. Several 

studies concerning soil mechanics, hydrogeophysics and hydrology have been carried out in the area (2, 3, 4, 5, 

6, 7, 8).  Nevertheless, little is known in the area of the gradation and characterization of the soil within the 

study area. This research investigates the determination of soil gradation and characterization using 

granulometric method. The technique used in this research is reliable and cost-effective. 

 

II. Geology And Description Of Study Area 
The study area covers selected locations within Yenagoa Local Government Area of Bayelsa state. It is 

part of the Niger Delta situated in the continental margin of the Gulf of Guinea in the West Africa Coast and 

lies within longitudes 6015' and 6020'E of the Meridian and latitude 40 55' and 50 05'N of the equator. The 

study area is accessible through major and minor roads. 

 Major access to the area is Mbiama – Yenagoa road with other minor network of roads linking the 

different communities and their environs. Figure 1 shows the map of the study area. 
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Fig. 1: Map of the study area 

 

The Geology of the area is within the Niger Delta Sedimentary belt of Nigeria has been geologically 

described by Reyment (2018). This basin evolved through several depositional cycles. The Late Creataceous 

(Maastrichtian) to Early Tertiary (Paleocene) Transgression terminated the southern advance of the upper 

Cretaceous proto-Niger Delta and heralded the Tertiary to Recent Niger Delta as it waned (Rayment, 2018). The 

Niger Delta is situated on the continental margin of the Gulf of Guinea in Equatorial West Africa between 

Latitude 3
o
 and 6

o
 and Longitude 5

o
 and 8

o
E. It covers all areas of about 75,000Km

2
 (Short and Stauble, 1967). 

It extends from the Calabar flank and the Abakiliki trough in Eastern Nigeria to the Atlantic Ocean. Short and 

Stauble, 1967 recognized three subsurface stratigraphic units in the modern Niger Delta which are, 

Akata,Agbada and Benin Formations in order of decreasing age. 

 

2.1 Akata Formation  

The Akata Formation is the basal lithostratigraphic unit found in the Niger Delta Region, ranging from 

Paleocene to Holocene age (Reyment, 2018; Etu–Efeotor, 1997). Its marine pro-delta mega facies are composed 

of thick shales, turbidite sands, and small amounts of silt and clay. The Akata formation is made up of high 

pressure, low density, and deep marine deposits consisting of plant relics near the contact with overlying 

Agbada formation. Petroleum geologist in the area believes the formation is the main source rock in the Niger 

Delta and the lateral equivalent of the Imo Shale.  

 

2.2 Agbada Formation  

The Agbada Formation is essentially a cyclic paralic sequence of sandstones and shales representing 

deposits of the delta front megafacies. The interbedded shales are thought of as fields in the area (Reijers, 

2011). About 99% of the Sandstone reservoirs in the Niger Delta occur within this succession. The outcrop 

equivalent is the Ameki formation. This Eocene to Recent siliciclastic sequence grades upwards into the Benin 

Formation. 

 

2.3 Benin Formation 

It is an extensive stratigraphic unit in the southern Nigeria sedimentary basin it outcrops in Benin, 

Onitsha, and Owerri provinces and also in the Niger Delta areas. It consists of poorly cemented sands, medium 

to coarse in size has an average thickness of about 18,000m and it ranges from Miocene to Recent in age. 

Among the minor components, Limonite coating, lignite streaks, haematite, and feldspar are common. The 

environment of deposition is probably transitional to continental. It is the main source of potable groundwater in 

the Niger Delta area. 
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2.4  Hydrogeology 

The Benin Formation is the aquifer layer and all boreholes are drilled in this Formation. With minor 

intercalations of clay layers, it gives rise to a multi-aquifer system out of which have been identified (Etu-

Efeotor, 1981). The first aquifer is (Holocene age) and more prolific and extents to about 60-90m (unconfirmed) 

while the second (Oligocene) is less prolific and underlines the first multi-aquifer system and leave also been 

identified from lithologic logs of boreholes from other pores of the Niger Delta by (Offodile 1992; Edet, 1993; 

Udomet al., 1998). 

 

III. Materials And Methodology 
1. Casangrande’s liquid limit device 

2. Grooving tools of both standard and ASTM type  

3. Oven 

4. Evaporating dish  

5. Sieve  

6. Weighing balance 

7. Wash bottle  

8. Mortar and pestle  

9. Distilled water 

 

3.1 Soil boring and sample collection 

Overburden and soil boring were performed at several locations: a total of twenty-four soil boring 

points were occupied in the study area. Samplings were executed using an auger hand rig which was conducted 

across six stations.  During the boring operations, disturbed samples were collected at 2m interval up to a depth 

of 20m.  Undisturbed samples were also retrieved from the boreholes with conventional open-tube sampler. All 

samples recovered from the boreholes were examined, identified and roughly classified in the field before taken 

to the laboratory for analysis. 

 

IV. Result And Discussion 
Based on the determined geolectric layering, thirty disturbed soil samples were selected from the 

corresponding depths of the eight boreholes drilled within the study area. Boring was performed using hand 

auger to a depth 6 m in 4 borehole sites and manualpercussion rig to a depth of 30 m in 4 locations. The soil 

samples were secured in waterproof bags and brought to the laboratory for sample preparation and testing. 

Visual inspection of the recovered samples shows that the relatively near surface samples were predominantly 

finer in texture, while samples obtained at lower subsurface depths tend to be coarser as per their grain sizes. 
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4.1 GRAIN SIZE DISTRIBUTION 

Grain size analysis is a typical laboratory test conducted in engineering geology to derive the particle 

size distribution of soils.The particles that make up soil are categorized into three groups by size – sand, silt, 

and clay. Sand particles are the largest and clay particles the smallest. Most soils are a combination of the three. 

The relative percentages of sand, silt, and clay are what give soil its texture. A clay loam texture soil, for 

example, has nearly equal parts of sand, slit, and clay. These textural separates result from the weathering 

process.The distribution of different grain sizes affects the engineering properties of soil. Grain size analysis 

provides the grain size distribution, and it is required in classifying the soil.The analysis is conducted via two 

techniques. Sieve Grain Size Analysis which is capable of determining the particles’ size ranging from 0.075 

mm to 100 mm. Any categorization of grains larger than 100mm will be conducted visually whereas particles 

smaller than 0.075 mm can be distributed using the hydrometer Method. The results of the grain size laboratory 

tests are presented in Tables 4.9 to 4.12.  

 

 

https://www.soils4teachers.org/weathering
https://www.soils4teachers.org/weathering
https://www.soils4teachers.org/weathering
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4.2: GRAIN SIZE DISTRIBUTION CURVE 

The results of mechanical analysis (sieve and hydrometer analyses) are generally presented by semi-logarithmic 

plots known as particle-size distribution curves. The particle diameters are plotted in log scale, and the 

corresponding percent finer in arithmetic scale.In science and engineering, a semi-log graph or semi-log plot is 

a way of visualizing data that are changing with an exponential relationship.One axis is plotted on a logarithmic 

scale.  

This kind of plot is useful when one of the variables being plotted covers a large range of values and the other 

has only a restricted range. The advantage being that it can bring out features in the data that would not easily 

be seen if both variables had been plotted linearly. The particle-size distribution curve does not only show the 

range of particle sizes present in a soil but also the type of distribution of various size particles. Some typical 

grain size distribution curve types are shown in Fig. 2 

 

 
Fig 2: Typical grain size distribution curve types 
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The particle size distribution curves are presented in Fig. 3 to 8. The particle size distribution curves show that 

the soil samples were predominantly composed of fine-medium sands, with a lesser proportion of coarse sand 

and gravel fractions. The sands were generally poorly graded with coefficient of uniformity ranging between 

2.8 to 4.3 while the minimum and maximum values for the coefficient of curvature is 0.77 and 2.1 respectively.   

 

4.2.1 Grading Characteristics 

Four basic soil parameters can be determined from the grainsize distribution curves:  

 Effective size  

 Uniformity coefficient  

 Coefficient of gradation  

 Coefficient of sorting 

The quantitative analysis of the grain size distribution curves was based on the determined grading 

characteristics such as D10, D25, D30, D60and D75. The values of D10, D25, D30, D60and D75refers to the grain or 

particle diameter on the X-axis of the curves corresponding to percentage finer at 10%, 25%, 30%, 60% and 

75% on the Y-axis. From these geometric values, the effective size, uniformity coefficient, coefficient of sorting 

and coefficient of gradation were derived. Uniformity coefficient (Cu) is equal to D60/D10. Soils with Cu less 

than or equal to 3 are considered to be “poorly graded” or “uniform”. Coefficient of gradation (Cc) = 

(D30)
2
/(D60×D10). For well-graded soils, Cc is approximately equal to 1. The Sorting Coefficient SO = 

(D75/D25)
1/2

. This measure tends to be used more by geologists than engineers. The larger the value of SO, the 

more well-graded the soil. The parameterd10 is referred to as the "effective size" of the soil. Empirically, D10 

has been strongly correlated with the permeability of fine−grained sandy soils. 
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4.3  Soil Classification  
The purpose of a soil classification is to group together soils with similar properties or attributes. Soil 

classification systems are used to help predict soil behaviour and provide information to geologists, engineers, 

builders, agricultural extension agents, community planners, and government agencies. Geoscientists and 

engineers use soil classification systems to characterize soils, determine potential behaviour, and understand 
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limitations of the soils encountered in construction projects. This knowledge is critical when designing airfields, 

roads, buildings, dams, bridges, and other infrastructure. 

Several soil classification schemes exist and are used by engineers, geologists, and soil scientists. Some of the 

schemes include (1) Unified Soil Classification System (USCS), (2) British Soil Classification System (BSCS) 

(3) AmericanAssociation ofStateHighway andTransportationOfficials(AASHTO) and (4) United State 

Department of Agriculture (USDA). The USCS is the most widely accepted scheme and is used in this study for 

the classification of the soil samples. 

 

4.3.1 USCS Criteria and Results 

The basic criteria for determination of the USCS classification for soil samples include: (a) % passing 

through 0.075mm sieve, (b) % retained in 0.075mm sieve (c) the value of LL (d) the section in which PI against 

LL of sample plots with respect to the A-line on the Cassagrande plasticity chart and (e) gradation of the 

sample. From the results, classification of the thirty soil samples was such that, 6 samples each were of Fat Clay 

(CH) or Elastic Silt (MH) and Lean Clay categories respectively, 10 samples were classified as Clayey Sand 

(SC) or Silty Sand (SM), while 4 samples each were Poorly Graded Sand with Silt (SP-SM) and Poorly Graded 

Sand (SP) respectively. Generally, the upper sections (< 10m depth) were dominated by fine (clay and silt) 

sediments, while the proportion of coarse (sand and gravel) increased with depth.  

 

4.3.2 Fat Clay (CH) Soil Type 

The unique symbol for Fat Clay soils as per the USCS classification scheme is CH. Using the USCS 

procedures, samples 1,5,6,8, and 19 are classified as Fat Clay soil type. Each of these soil samples have the 

following characteristics:  

 Greater than 50% of the soil sample passed through the 0.075mm sieve  

 Liquid limit of the soil was > 50% and plasticity index against liquid limit plots above the A-line on the 

Cassagrande plasticity chart  

 Less than 15% of the soil sample was retained in the 0.075mm sieve 

 

4.3.3 Lean Clay (CL) Soil Type 

Samples 2, 9, 10, 13, 16, and 23 of the samples analysed are classified in the category referred to as Lean Clay 

soil type. These samples are basically fine grained soils just like the Fat Clay group but generally have 

relatively lower liquid limit and plasticity index values. The geotechnical index characteristics of the Lean Clay 

soils are as follows: 

 Greater than 50% of the soil sample passed through the 0.075mm sieve  

 Liquid limit of the soil was < 50% and plasticity index against liquid limit plots above the A-line on the 

Cassagrande plasticity chart  

 Less than 15% of the soil sample was retained in the 0.075mm sieve 

 

4.3.4  Clayey Sand (SC) and Silty Sand (SM) Soil Types 

Ten (10) out of the thirty (30) soil samples recovered from the boreholes in this study are classified as 

either Clayey Sand, Silty Sand or Silty Clayey Sandafter analysis of their laboratory test results. Samples 3, 4, 

11, 14, and 15 are of the Clayey Sand category, samples 7 17, and 27 belong to the Silty Sand group, while 

samples 8 and 18 were classified in the Clayey Silty Sand category. The symbols for Clayey sand Silty Sand 

Clayey Silty Sand are SC, SM and SC-SM based on the USCS classification scheme. The geotechnical index 

characteristics of the SC, SM and SC-SM soils are as follows: 

 Greater than 50% was retained in 0.075mm sieve 

 % sand > % gravel 

 Greater than 12% are fines with plot of plasticity indexagainstliquid limit plotting in the CL section for SC 

and in the ML section for SM 

 Less than 15% was gravel 

 Clay and Silt are both fine soils and cannot be distinguished by sieve analysis. The particle size ofclay 

is less than 2 microns, while particle the size of silt ranges between 75 microns to 2 microns.An experiment to 

demonstrate the difference between silt and clay constituents of a soil sample is to agitate the soil in a clear 

plastic bottle filled with water. The soil is dispersed throughout the water and it appears very cloudy. Any sand 

particles will settle to the bottom very quickly. Silt will settle to the bottom over the course of a couple of hours, 

leaving lightly cloudy water remaining. The cloudiness is clay particles which will take a few days to settle on 

top of the silt. You can then see the layers as they form in the bottle.Silt has less water holding capacity as 

compared to clay.Silt has uniform and non-sticky particles. If you touch clay with your hands it will be sticky. 

Clay is very easy to mould into any shape, whereas silt is difficult to mould into a particular shape. Finally, clay 

has higher plasticity when compared to silt. 
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4.3.5 Poorly Graded Sand with Silt (SP-SM) 

Samples 20, 21, 24 and 25 were classified as poorly graded sand with silt or clay. These category of soil 

samples have the under-listed properties:  

 Greater than 50% of soil sample was retained in 0.075mm sieve 

 % sand > % gravel 

 5- 12% of sample are silts or clays 

 Less than 15% are gravels 

 Coefficient of uniformity (Cu)<6 and/or coefficient of curvature(Cc)< 1 or > 3 

 

4.3.6 Poorly Graded Sand (SP) 

Samples 22, 26, 29 and 30 were classified as Poorly Graded Sand. They have the following distinguishing 

characteristics: 

 Greater than 50% of soil sample was retained in 0.075mm sieve 

 % sand > % gravel 

 Less than 5% of sample are silts or clays 

 Less than 15% are gravels 

 Soil is non-plastic 

 Coefficient of uniformity (Cu)<6 and/or coefficient of curvature(Cc)< 1 or > 3 

According to the USCS classification, inorganic soilsbroadly divided into: coarse-grained soil and fine-grained 

soil. The particle size distribution of soil and consistence limits are used in soil classification.  

 The soil is classified as fine-grained (coherent soil) if more than 50 % of the total quantity of dry sample 

passes through the sieve No. 200 – 0.075 mm. 

 The soil is classified as coarse-grained (incoherent soil) if more than 50 % of the total quantity of dry 

sample is retained on the sieve No. 200 – 0.075 mm.  

 

4.4 Classification of Fine-grained Soil 

The soil is considered to be an inorganic clay if the pair of values [liquid limit (LL), plasticity index (PI)] in the 

plasticity diagram is situated at or above the A line, the index of plasticity is greater than 4.Inorganic clays have 

the following sub groups: 

 The soil is classified as lean clay, CL, if the liquid limit is smaller than 50 %. 

 The soil is classified as fat clay, CH, if the liquid limit is greater than 50 %. 

 The soil is classified as silty clay, CL-ML, if the pair of values (LL, IP) is situated at or above the A line, 

and the value of the index of plasticity ranges from 4 to 7. 

The soil is considered to be an inorganic silt if the pair of values (LL, IP) in the plasticity diagram is situated 

below the A line or the plasticity index is smaller than 4. Inorganic clays have the following sub groups: 

  The soil is classified as silt, ML, if the liquid limit is smaller than 50%.  

 The soil is classified as elastic silt, MH, if the liquid limit is greater than 50%.  

 

4.8 Coarse-grained Soil 

 If less than or equal to 12% of the sample mass passes through the sieve No. 200 (0.075mm) then the 

grading curve is used to calculate the uniformity coefficient (Cu) and the curvature coefficient (Cc). Where Cu 

= D60/D10; Cc = (D30)
2
/(D10*D60).  

 If the Cu is equal to or greater than 4 for gravel, or equal to or greater than 6 for sand, and if the Cc is 

equal to 1 and not greater than 3, the soil is classified as the well graded gravel, GW, or as the well graded sand, 

SW.  

 If coefficients of uniformity and curvature do not meet criteria for well graded soil, the soil is classified as 

a poorly graded gravel, GP, or as a poorly graded sand, SP.  

If more than 12 % of the sample mass passes through the sieve No. 200 – 0.075 mm, the soil is considered to be 

a coarse-grained material with fine grains. At that, it should be established whether fine grains are clay or silt, 

which is determined from the plasticity diagram using the plasticity index and liquid limit 

 

V. Conclusion 
The USCS was used in this study for the classification of the soil samples. Soil sampling from boreholes and 

laboratory testing reveals 3 subsoil categories namely clayey-silty sediments, clayey-silty sands and poorly 

graded sands. 
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