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Geophysical and geotechnical investigations were carried out to probe the subsoil conditions of  a proposed construction site 
at Alapere/Agboyi area of  Lagos in order to determine the engineering characteristics and the appropriate foundation 
suitable for the site. The geophysical investigation involved collection of  resistivity data along four (4) traverses using Vertical 
Electrical Sounding (VES) and Constant Separation Traversing (CST) techniques. The Schlumberger soundings and CST 
data were processed using Resist and WingLink software and the results presented as VES curves and 2-D geoelectric 
sections. The geotechnical probe employed Static Cone Penetrometer Test (CPT) which involved pushing a pointed rod into 
the ground while the resistance to penetration was measured. Geophysical results revealed the presence of  four geoelectric 
layers: topsoil (52-98 Ωm), peat/clay (15 – 50 Ωm), medium grained sand (56 – 100Ωm) and coarse grained sand (100 - 300 
Ωm). The depth to the competent sand material varied between 13 m and 18 m. The Cone Penetrometer Test (CPT) showed 

2competent values (80 - 100 kg/m ) of  penetrative resistance at 13 m to over 16 m, thus, corroborating the geophysical result. 
The low resistivity peat/clay was considered incompetent for any proposed engineering structure while the high resistivity 
sand represents the competent layer. It was concluded that shallow foundation will not be suitable for any proposed structure 
due to the existence of  a near surface low resistivity, settlement precipitating peat/clay layer. Deep foundation involving 
piling through the incompetent shallow layers to the competent sand with a pile depth of  16 m depth was recommended.
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INTRODUCTION
Incessant incidences of  building collapse in 
Nigeria have continued unabated in recent times. 
Although, several probable causes have been 
highlighted by the engineering community, 
unfortunately, the subsurface earth conditions 
have rarely been given any serious consideration 
prior to construction exercise. However, since 
every engineering structure is seated on earth 
materials, it is important to conduct pre-
construction investigation of  the subsurface of  
any proposed site in order to ascertain the strength 
and the competence of  the subsoil earth materials. 
The electrical resistivity method is the most 
common method used for site investigation 
purpose (Gowd, 2004). On the other hand, Cone 
Penetrometer Test (CPT) has been the most 
widely used method amongst geotechnical 
engineers (Lunne et al., 1997, Coerts, 1996; 
Eslaamiz and and Robertson, 1998). Cost, 
efficiency, speed, simplicity, reliability and the 
ability to provide continuous information on the 
soil properties with depth are the important 
reasons for the increasing popularity of  an 
integrated CPT and electrical resistivity method. 
Adepelumi and Olorunfemi (2000) investigated 
the reclaimed Lekki Peninsula, Lagos using 

resistivity soundings and penetrometer tests. 
They successfully determined the thickness of  the 
sand column and the geomorphological features 
of  the pre-fill terrain. Characterization of  
subsurface soil and determination of  soil strength 
are prerequisites for the foundation design of  
important civil engineering structures. In view of  
this, a pre-construction integrated geophysical 
and geotechnical investigation was carried out to 
probe the subsoil conditions of  a proposed 
construction site at Alapere/Agboyi area of  
Lagos. This will enhance the selection of  an 
appropriate foundation design for the proposed 
structure and hence, influence the foundation 
design. 

Description of  the Site Environment               
Alapere/Agboyi is located at the outskirt of  Ketu 
within the Lagos metropolis, south western 

o o
Nigeria, between latitudes 6  34' 39'' and 6  34' 54'' 

o oN and longitudes 3  24' 20'' and 3  24' 35'' E (Fig. 
1). It is situated along the coastal belt which varies 
in width from about 8 kilometres near the 
Republic of  Benin border to 24 kilometres 
towards the eastern end of  the Lagos Lagoon 
(Jones and Hockey, 1964). Most part of  the area 
was waterlogged at the time of  study which made 
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accessibility difficult. The area is vegetated with 
grasses, reeds and plants peculiar to swamp or 
waterlogged   region.   

Geology and Geomorphology
The study area lies within the Dahomey Basin (Fig. 
2) and characterized by a topographically flat 
surface typical of  alluvial sediment and Coastal 
Plain sands. The stratigraphy of  the basin (Fig. 3) 
consists of  Late Cretaceous to Recent Sediments 
(Omatsola and Adegoke, 1981). The area is 
underlain by Coastal Plains Sands (Pleistocene to 
Oligocene) which is composed of  sand (fine to 
coarse grained), clay/mud and peat. The sands are 
in part cross bedded and show transitional to 
continental characteristics (Enu, 1990). These 
deposits represent the littoral and lagoonal 
sediments of  the coastal belt and the alluvial 
sediments of  the major rivers (Adeyemi, 1972 and 
Durotoye, 1975). The exposed rock unit in the area 
consists of  alternation of  poorly sorted sands and 
lenses of  clays. 

METHODOLOGY

Geophysical Survey
The electrical resistivity method involving 
Schlumberger Vertical Electrical Sounding (VES) 
and multi-electrode spacing Constant Separation 
Traversing (CST) techniques was adopted. Eight 
(8) VES stations and four (4) CST lines were 

occupied with a Wenner array. The PASI 16GL 
Earth resistivity meter was employed for the 
resistivity data acquisition. Inter electrode 
spacings of  10, 20, 30, 40, 50 and 60 m were 
employed for the horizontal profiling. The VES 
curves were interpreted by partial curve matching 
and computer assisted 1-D forward modelling 
with the RESIST software. The acquired set of  
horizontal profiling data were inverted using 
Dippro software. The inverted 2-D Electrical 
Resistivity structures were presented as colour 
sections.  A 12 channel hand held Garmin GPS 
was employed to geo-reference the survey site. 

Cone Penetration Test (CPT)
The Cone Penetration Test (CPT) was used to 
determine the mechanical strength of  subsurface 
materials at the site. The CPT was performed 
using a 2.5 tons capacity machine. The equipment, 
which was manually operated, was furnished with 
a cone penetrometer having a base area of  1000 

2 o
mm  and an apex angle of  60 . The penetrometer 
tests readings were taken at intervals of  250 mm 
and the readings were presented in graphical 
form. All the dial gauges used in carrying out the 
tests were calibrated prior to the commencement 
of  the tests. The CPT readings were terminated at 
the refusal of  advancing cone and lifting of  
anchor of  the CPT machine. Robert, (1996) 
provided a guide for estimating soil type from the 
results of  Cone Penetration Test (Table 1).
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Fig.1: (a) Administrative Map of  Lagos Showing the Study Area (b) Base Map of  the Study Location

Fig. 2: Geological Map of  Eastern Dahomey Basin (Modify after Billman, 1992)
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RESULTS AND DISCUSSION   
Geoelectrical Result
All the VES curves showed characteristic HA type 
curves (Figs. 4a & b). The VES interpretation 
results are presented in Table 2. Two geoelectric 
sections were drawn along approximately W- E 
and S – N directions (Figs. 5a and b). Four 
subsurface strata were delineated. The topsoil is 
composed of  1.0 to 1.8 m thick sandy clay/silty 
sand/mud/peat with resistivity values varying 
from 52 - 98 Ωm. Underlying the upper layer is a 

peat/organic clay layer having thickness and 
resistivity values ranging from 8 to 9.9 m and 15 to 
50 Ωm respectively. Beneath the second layer is a 
6.8 to 10.5 m thick medium grained sand with a 
variable resistivity values from 56 to 100 Ωm. The 
fourth horizon is the coarse grained sand (with 
layer resistivity values of  100 - 300 Ωm) identified 
between the depths of  17.2 to 20.3 m.

Geotechnical Result
The Cone penetrometer Tests (CPT) results are 

Fig. 3: Stratigraphy of  Eastern Dahomey Basin (Omatsola and Adegoke, 1981)

Table 1: Classification of  Cone Penetration Test for Granular Soils (Robert, 1996)

Cone Resistance (Kg/cm3) Relative Density 

0-40 Very loose to loose 

40-120 Medium dense 

120-200 Dense 

Above 200 Very dense 
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presented as plots of  penetration resistance 
against depth (Figs. 6 & 7).  The penetration 
refusal was achieved at a maximum depth of  16 m. 
The cone resistance plots delineated two 
subsurface layers of  peat/clay and sand with the 
interface at the inflection point of  the rising 
segment.  At the upper 13 m of  the subsurface, the 
readings show significantly constant and very low 

2cone resistance (2 - 40 kg/cm ) which indicates 
peat/clay materials. This linear section shows 
constant penetration as the subsurface materials 
offer little or no further resistance to the driven 
cone to a depth of  13 m. Beneath the 14 m depth, 

2 the cone resistance ranges from 40 - 100 kg/cm
which indicates sand layer. This implies competent 
material for medium building structures. 

2-D Resistivity Structures
Figures 8a - d show the 2-D resistivity structures 
integrated with the VES and CPT results. Four 
layers that included the topsoil, organic clay, 
medium grained sand and the coarse grained sand 
were identified on the 2-D images. The topsoil is 
composed of  sandy clay/silty sand/peat/mud 
with thickness of  up to 3.5 m. The second layer is 
characterized by low resistivity values (15 to 50 
Ωm) interpreted as organic clay with thickness that 
varies from 2-16 m The third layer was interpreted 

 

. 

as medium grained sand, 5 - 10 m thick. The 
fourth layer was identified as coarse grained sand
represented by resistivity range of  115 to 300 Ωm 
with depth to top ranging from 16 – 25 m. The 

2low cone resistance (2 - 40 kg/cm ) section of  the 
CPT corresponds to the topsoil/clay section of  
the subsurface layers while the CPT response 

2  greater than 40kg/cm corresponds to the 
medium/coarse grained sand section of  the 2-D 
images. This section is expected to be the load 
bearing layer. 

Competence Evaluation
The upper 12 m of  the subsoil is characterized by 
low electrical resistivity and penetration resistance 

2(0-40 Kg/cm ) which represents subsidence 
precipitating and structure failure inducing 
peaty/clayey subsoil (Robert, 1996). Below the 12 
m depth, the subsurface is characterized by 
relatively high electrical resistivity and moderate 

2
penetration resistance (40-100 Kg/cm ) which 
signifies medium dense (Robert, 1996) sand is 
considered as the competent layer. For the 
purpose of  foundation construction, the average 
value of  penetration resistance for competent 

2
subsurface materials is taken as 50-100 kg/cm  
depending on the structure to be erected.

 

 

 

 

a 
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b 
Fig. 4a & b: Typical VES Curves and their Interpretation Models

Table 2: The Results of  the Interpreted VES Data

VES Layer Resistivity (Ωm) Thickness (m) Depth (m) Lithology

1

1 98 4.3 Top soil/mud

2 27 9.1 4.3 Peat/organic clay

3 83 5.1 13.4 Medium sand 

4 283 18.5 Coarse Sand

2

1 67 1.7 Top soil/mud

2 40

 

7.9

 

1.7

 

Peat/organic clay

3 99

 

10.5

 

9.6

 

medium sand 

4 129

  

20.1

 

Coarse Sand

3

1 55

 

1.8

  

Top soil/mud

2 29

 

8.4

 

1.8

 

Peat/organic clay

3 100

 

8.1

 

10.3

 

medium sand 

4 125

  

18.4

 

Coarse Sand

4

1 57

 

1

  

Top soil/mud

2 41

 

9.4

 

1

 

Peat/organic clay

3 89

 

6.8

 

10.4

 

medium sand 

4 132

   

17.2

 

Coarse Sand

5

1 71

 

1.4

  

Top soil/mud

2 29

 
9.8

 
1.4

 
Peat/organic clay

3 45
 

8.2
 

11.2
 

Medium sand 

4 154  19.4  Coarse Sand

6

1 52
 

1.3
  

Top soil/mud

2 22

 
8

 
1.3

 
Peat/organic clay

3 61

 

10.1

 

9.4

 

Medium sand 

4 190

  

19.5

 

Coarse Sand

7

1 61

 

1.7

  

Top soil/mud

2 27

 

9.9

 

1.7

 

Peat/organic clay

3 58 7.7 11.6 Medium sand 

4 158 19.3 Coarse Sand

8

1 64 1.6 Top soil/mud

2 35 9.9 1.6 Peat/organic clay

3 54 8.9 11.4 Medium sand 

4 191 20.3 Coarse Sand
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  Fig. 5: Geoelectric Sections along W – E approximately N – S Directions
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Fig. 6: Plot of  Cone Reading Versus Depth (m) for CPT 1.

Fig. 7: Plot of  Cone Reading Versus Depth (m) for CPT 2
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Fig. 8a-d: 2 –D Resistivity Models along Traverses 1, 2, 3 and 4. 
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CONCLUSION
Geophysical and geotechnical investigations were 
carried out to probe the subsoil conditions of  a 
proposed construction site at Alapere/Agboyi 
area of  Lagos in order to determine its engineering 
characteristics and the appropriate foundation 
suitable for the site. The occurrence of  low 
resistivity, incompetent peat and organic clay 
within the depth range of  1 to 12 m implies that 
shallow foundation will not be suitable for any 
proposed structure. Deep foundation involving 
piling through the incompetent shallow layers to 
the competent sand with a pile depth of  16 m 
depth is recommended.
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