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Abstract: Various studies on geotechnical properties of soils, which underlain the part of 
the coastal area of Nigeria are yet to account for characteristics governing design and 
analysis of foundations. This study aims at elucidating consistency in local soil properties 
with respect to strength, and consolidation parameters for foundations design strategy. 
Field testing include 12 Cone Penetrometer Tests (CPT) and 15 number borings in 
Standard Penetration Tests (SPT). Disturbed and undisturbed soil sampling were done at 
various depths. All laboratory tests (natural moisture content, Atterberg limits, grain size 
analysis, undrain triaxial and oedometer consolidation) were in accordance with the 
British Standard 1377, BS (1990). Patterns of the penetration resistance-depth curves 
show that stratified soils dominate a group of foundation soils in the area. Particle size is 
in the order of distribution gravel < clay < silt < sand, with 10% to 30% by weight of 
fines. Coefficient of permeability values (1.0 × 10–10 ≤ k ≤ 4.7 × 10–8 m/s) revealed slow 
water movement with water content (15%–25%), and degree of water saturation range of 
79%–94% which confirms partial saturation. Consistency limits showed that the soils 
have medium to very high plasticity index. They further confirm Illite and kaolinite as the 
major clay minerals in the soils. Allowable bearing pressures and coefficient of 
compressibility ranges are 242.77–384.91 kN/m2 and 0.030–0.965 m2/MN respectively. 
Despite the water and organic content, the soils can be non-problematic due low 
compressibility and high strength characteristics at sampling depth range of 10 and  
22 m. 
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1. INTRODUCTON 
  

The coastal area of Southwestern Nigeria is being harnessed for 
construction purposes, despite frequent flood and water logging. Soils that serve 
as foundation material in the area are bound to be saturated. In such condition,  
a-two phase material will be the result. These comprise particles of different 
dimensions of spaces (peat, organic clays and uncompacted fill) of voids and 
pore water. Studies affirmed these in certain engineering geological and 
hydrogeological studies carried out in the area.1,2,3,4  
  

A wide-ranging publication on the geotechnical properties of major soils 
in the area has revealed that direct causes of foundation problems in the area 
could be soil-related. Oyedele, Oladele and Adedoyin evaluated the stratigraphy 
and competency of shallow formation as foundation materials form geoelectrical 
image of subsurface in the area.5 The existence of loose sand, peat and clay near 
at the surface was recommended to be inimical to building structures for 
subsurface layers to a depth of 16 m. Salami et al. showed electrical resistivity 
survey results having good correlation with boring logs.6 Furthermore, basal 
sandy deposit beyond the boring probe was established to appreciable depth of 
over 80 m within the creek and swamp environment in parts of Lagos. 
Geotechnically, the silty-sandy soils were characterised by low N-values (5–15), 
while the clayey soils were characterised by high void ratio and low cohesive 
strength values (22 kN/m).  
  

Adebisi and Fatoba only reported geological conditions to depth of about 
13 m in Ajah.7 Characteristic organic clay/coarse sand dominated the subsoil 
composition.  Allowable bearing capacities for shallow foundations in the area, 
regardless of the width at depths of between 4.25 and 9.75 m were 288.9 and  
675 kN/m2 respectively. Oyedele, Oladele and Okoh affirmed ground conditions 
at a coastal location as the major factor responsible for sinking buildings and 
intensive cracks.8 The characteristics of the shallow subsurface delineate features 
that have caused the structural instability. Integrated interpretation further 
revealed low resistivity, low bearing capacity clay beneath the affected buildings 
in the area.  
  

Adebisi, Osammor and Oyedele conducted an in-depth investigation on 
foundation soils in the coastal area of Lagos.9 A settlement of 23.65 mm was 
estimated under an assumed loading intensity of 45 kN/m2 for shallow 
foundations within 1.0 and 2.0 m depth with allowable bearing capacity of 121 
kN/m2. Furthermore, a safe working load of 940 kN was calculated for deep 
foundations using a pile of 600 mm diameter set at 8.0 m.  
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 It is imminent that studies on geotechnical properties soils due to 
expulsion of pore water from loading is yet to make strength and volume change 
a subject of research. Considering the increasing housing density in the area, 
geotechnical investigation over such a large area would be difficult and time-
consuming. The intent of this study is to carry out a local assessment of both base 
shear resistance (ultimate bearing capacity) and settlement in the stationary soil 
structure. This is expected to serve as a useful guide in elucidating subsoils 
characteristics for the safe support of structural loads in the area. Hence, the 
allowable bearing stresses for stability and serviceability of structures to be 
supported by the soils in the area could be approximately defined. 
 
 
2. LOCATION AND GEOLOGY 
 
 The study area is an integral part of the Coastal Plain, and extended 
Nigeria Continental Shelf (Figure 1). Geologically, the soils range from Eocene 
to Recent/ Pliocene in the Dahomeyan Miogeosynclinal Basin of Southwestern 
Nigeria. Studies have discussed the geology of the area, with affirmation of the 
major physiographic units peculiar to the area.9,10,11 It was established that the 
area is underlain by stratified soils of varying size composition. They were found 
to comprise alluvial sand, clayey peat and silt in various proportions. The 
location generally has flat topography with annual rainfall of 1185 mm.12 It is 
within a typical West African Continental shelf with beaches, and bars draining 
into the Atlantic Ocean. 
 
 
3. SOIL EXPLORATION AND TESTING  
 
 The method of this study was grouped into reconnaissance survey, soil 
exploration and detailed investigation. During the reconnaissance survey, 
locations available for sampling were established. Exploratory method follows 
with excavation of nine test pits for sampling. Location of boreholes was based 
on the preliminary geological conditions form test pits, the dimensions of the area 
and the observed engineering problems. The testing points were arranged in such 
a pattern that soil profiles can be assessed across the site. Field activities include 
12 numbers Cone Penetrometer Tests (CPT) and 15 number borings in Standard 
Penetration Tests (SPT). These were followed by disturbed and undisturbed 
sampling of the soils. All field and laboratory tests were in accordance with the 
British Standard 1377.13 

  
The soil samples were subjected to the following laboratory tests:  

(i) Atterberg limits (liquid and plastic limits) and (ii) grain size analysis for both 
sieve and hydrometer tests, (iii) unit weight determination, (iv) moisture content, 
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(v) specific gravity, (vi) undrain triaxial tests at cell pressures of 50, 100 and 200 
k/N/m2 and (vii) oedometer consolidation test.  
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Figure 1: Site map of the study area showing sampling and testing locations (Rd-Road, 
St-Street, BH-Borehole, CPT-Cone penetrometer and TP- Trial pit). 

  
The degree of saturation of the soils was computed from the unit weight, water 
content and specific gravity data, based on phase relationship equation. The shear 
strength parameters; undrain cohesion (Cu) and angle of internal friction (φu) of 
the soil samples were obtained from the relation between the principal stresses at 
failure over three Mohr's circles. The formula developed by Terzaghi was 
adopted in estimating the soil bearing pressure.  
 

qu = CNc + ϒ D Nq Rw1 + 0.5ϒ B Nϒ Rw2  (1) 
  

Where qu is the ultimate bearing capacity, C is the cohesion, ϒ is the unit 
weight of soil, D is the depth to foundation and B is the width of foundation. The 
bearing capacity factors are functions of the angle of internal friction (φ) of a soil. 
Nc is the bearing capacity factor for cohesion, Nq is the bearing capacity factor for 
surcharge and Nϒ is the bearing capacity factor for unit soil weight. Rw1 and Rw2 
are the reduction coefficients used in second and third terms of bearing capacity 
equation to consider the effects of water table.14 
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where Zw2 is the depth of water table from foundation level.  
  

The volume compressibility (mv) of the soils were determined from the 
equation which relates the change in thickness of each sample to the pressure 
range, while coefficient of consolidation (cv) was calculated from the sample 
thickness and the time at which the straight-line portion of the curve meets the 
100% compression line. 
 
 
4. RESULTS AND DISCUSSION 
 
4.1 Particle-Size Distribution and Soils Description 
 
 The selected grain size distribution curves shown in Figures 2, 3 and 4, 
exhibit soils of different particle size ranges.  In such a case, they are referred to 
as well-graded. This numerically expresses increase in size distribution of the 
soils in the order; gravel < clay < silt < sand as shown in Table 1. Evaluation of 
the soils' grading is based on the Unified Soil Classification System (USCS). In 
all cases, sand-sized particles dominate the composition of the soils. It is apparent 
that high sand content in a soil would enhance its bearing capacity.15 
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Figure 2: Grading curves for soils at 10 and 22 m depth at test points 1 and 3. 
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Figure 3: Grading curves for soils at 10 and 15 m depth at test points 5 and 6. 
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Figure 4: Grading curves for soils at 18 and 20 m depth at test points 7 and 9. 
  
 The effective particle size (d10) of the soils ranges between 0.003 and 
0.017 mm. Studies had related the effective grain size to soil permeability (k).16,17 
Estimation of coefficient of permeability would therefore, be a practical 
significance of d10. Using Hazen's constant, the ease with which water passes 
through the studied soils' matrix range from 1.0 × 10–10 to 4.7 × 10–8 m/s. This is 
expected to directly reflect the drainage characteristics of the soils. The 
permeability values are such that that water movement in the soils would be slow. 
Though, the presence and movement of groundwater affects the carrying capacity 
of piles, the processes of construction and sometimes the durability of piles in 
service. It is apparent that the soils would not suffer any reduction in bearing 
capacity in the presence of groundwater. 
 

From Table 2, shows estimated degree of water saturation from phase 
relationship parameters. Water content of the soils ranges between 15% and 25%, 
while degree of water saturation is high, as it ranges from 79% to 94%. From 
Table 3, the soils have 10% to 30% by weight of fines with (26 ≤ IP ≤ 48) 
medium to very high plasticity index. They also contain organic matter, though 
not quantified. Consistency limits data for the soils revealed inorganic/organic 
medium to high plasticity silty clay content. On the basis of plasticity ratio, illite 
and kaolinite are the dominant clay minerals present in the soils with subordinate 
class of montmorillonite. 
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4.2 Soils Stratifications and Penetration Resistance 
  

Representative cone penetration/depth plots were correlated with 
corresponding standard penetration number of blows/depth plots for different 
stratified vertical soil layers as shown in Figures 5, 6, 7 and 8. The general soil 
profile across the study area varies as reflected in the pattern of the penetration 
resistance-depth curves for representative locations. In general, penetration 
resistance (qc) shows abrupt changes with depth. However, the strongest peaks 
which signify competent bed for safe foundations are recorded at 13.5 m depth.  
  

The highest numbers of blows (NSPT) from the standard penetration 
testing are recorded at depths of 21, 16 and 30 m. These also mark various 
competent depths at which safe foundations can be established.18,19 Both qc and 
NSPT are related to the bearing capacity of a soils. It follows that the bearing 
capacity of the studied soils is controlled by the type of soils at various depths 
stated above.  
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Figure 5: Borehole log and corresponding penetration resistance @ BH1. 
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Figure 6: Borehole log and corresponding penetration resistance @ BH 6. 
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Figure 7: Borehole log and corresponding penetration resistance @ BH 10. 
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Figure 8: Borehole log and corresponding penetration resistance @ BH 15. 
 
4.3 Shear Strength Parameters and Bearing Capacity  
  

The shear strength of a soil is required for understanding of the nature of 
its shearing resistance, and gives way to the analysis of bearing capacity 
problems. Terzaghi developed equations, which take into account shear strength 
parameters for determining bearing capacity for the general shear failure case.20 
Table 4 shows the shear strength parameters of the soils as well as estimated 
ultimate bearing capacity (qu), and allowable bearing capacity (qa) of the soils. It 
is of interest that the water table in the area is high, and it is usually above the 
base of foundation.  
  

The theory of bearing capacity determination taking cognisance of the 
position of water table with respect to foundation depth.21,22,23,24 The ultimate 
bearing capacity of the soils varies between 684.48 and 1154.73 kN/m2 at various 
depth considered competent for foundations. From the estimated ultimate bearing 
capacities obtained, the allowable bearing pressures (242.77–384.91 kN/m2) were 
obtained by applying a factor of safety of three to the ultimate values. It must be 
borne in mind that the basic allowable bearing pressure can also be estimated 
from the resistance to penetration of the standard sampling spoon. 
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Table 4: Shear strength parameters and bearing capacity of the soils. 
 

Test 
Pit 

(TP)    
No. 

Depth 
(m) 

Soil unit 
weight 

(ϒ) 
kN/m3 

 

Shear strength parameters 
Ultimate 

bearing capacity 
(qu) kN/m2 

Allowable 
bearing capacity 

(qa) kN/m2 
Undrained 

cohesion (Cu) 
kN/m2 

Angle of 
internal 
friction  

(φu)0 

1 10.0 21 85 8 893.60 297.87 
2 13.5 19 55 8 684.48 228.16 
3 22.0 20 80 5 867.98 289.33 
4 17.5 19.5 75 8 912.49 304.16 
5 10.0 19 70 8 728.93 242.77 
6 15.0 18.5 65 9 834.14 278.05 
7 18.0 18 58 10 972.68 324.23 
8 10.7 19 70 9 792.36 264.12 
9 20.0 21 95 8 1154.73 384.91 

 
4.4 Consolidation Parameters  
  

Consolidation is one of the most important behaviours of saturated soils 
that need to be understood for settlement analysis.25 The two most important 
parameters considered in this study are the coefficient of volume compressibility 
(mv) and the coefficient of consolidation (cv). Table 5 summarises the 
consolidation parameters of the studied soils.  The results from the cross-analyses 
of the measured data show in the study area show that both cv and mv values 
obtained for the soils follow no defined order, either with depth or consolidation 
pressures. Measured cv and mv values are relative to 50–100, 100–200 and 200–
400 kN loading ranges.  
  

The rate at which saturated soils undergo consolidation ranges between 
1.2 and 6.1 m2/yr. It is no doubt that the cv for the soils varies with both level of 
stress and degree of consolidation due to clay minerals that may be present in 
them.26 The mv of the samples analysed from the compression records ranges 
between 0.030 and 0.965 m2/MN. Compressibility potential of the soils greatly 
varies over a wide range of consolidation pressures. It generally ranges from low 
to medium compressibility, based on Carter and Bentley standard.27 Therefore, 
large amount of sand in the soils' composition is suspected to be responsible for 
their generally low to medium compressibility. This would definitely, lead to a 
lower decrease in the void space of the soil for the specified stress changes. It 
follows that a lower volume of water would be expelled from the soils within a 
short time, which in turn result to a greater rate of consolidation. 
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Table 5: Variation of coefficients of consolidation and compressibility with consolidation 
pressure.  

 

Test 
pit 

(TP)        
No. 

Depth 
(m) 

Consolidation parameters 

Compressibility 
potential 

Coefficient of 
consolidation (cv) m2/yr 

Coefficient of compressibility 
(mv) m2/MN 

@ 
50–
100 
kN 

@ 
100–
200 
kN 

@ 200–
400 kN 

@ 50–
100 kN 

@ 100–
200 kN 

@ 2000–
400 kN 

1 10.0 2.1 1.2 1.7 0.096 0.077 0.039 Low 
2 13.5 4.6 5.8 2.1 0.048 0.046 0.061 Low 
3 22.0 2.6 2.8 2.9 0.080 0.050 0.040 Low 
4 17.5 6.1 3.8 4.1 0.109 0.069 0.046 Low–medium 
5 10.0 3.1 1.3 1.8 0.132 0.965 0.045 Low–medium 
6 15.0 3.5 4.7 1.0 0.059 0.057 0.072 Low 
7 18.0 1.5 1.7 1.8 0.070 0.040 0.030 Low 
8 10.7 5.2 2.9 3.2 0.098 0.059 0.037 Low 
9 20.0 4.1 1.8 2.1 0.106 0.066 0.043 Low–medium 

 
 
5. SUMMARY AND CONCLUSIONS 
  

There is increase in housing density along the along coastal area of 
Southwestern Nigeria. This is done without subtle knowledge of the local 
subsoils properties, which relate to stability problem. Boring logs, SPTs and 
CPTs, revealed that stratified saturated soils dominate a group of soils, which 
underlain the area. Laboratory tests data gave account for bearing capacity and 
consolidation parameters to define construction conditions.  
  

Drainage may not necessarily contribute to foundation problems as the 
permeability is generally low. Also, the subsoils may not suffer serious reduction 
in bearing capacity in the presence of groundwater. However, damp basements, 
musty smells in the basement, bugs in the basement, soil erosion, and 
discoloration of home's exterior brick or concrete and even mould issues, which 
can cause serious health problems, are inevitable. 
  

The soils are not poor foundation materials mainly because of their low 
compressibility and high strength. Triaxial and consolidation have proved to be 
valuable tests, whose data can be used to minimise adverse effects and prevent 
post construction problems. Findings from this research work remain a 
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significant for planning and design of structure in creek area of Southwestern 
Nigeria.  
  

Long term data collection from the other parts of the creek area will 
allow for reviewing the trends of soils characteristics that were not consistent 
with a majority of the data. 
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