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Abstract: Building failure in Lagos has been persistent in recent time, even though diverse possible sources have been emphasized. 

Regrettably, the subsurface geology has rarely been given an attention, even though it serves as base upon which these structures seat. This 

study focused on investigating the implication of the subsoil geology on the variation in the occurrence of foundation failure in Pen-Cinema 

(Agege) and Ogudu (Kosofe) local government area of Lagos using standard penetration test (SPT) and cone penetration test (CPT). 

Boreholes were drilled and samples were collected and subjected to Atterberg test, quick undrained triaxial test and Oedometer 

consolidation test. The result from the above test carried out showed that the Pen-Cinema is majorly underlain by very hard sandy silty 

lateritic clay with hard pans at the depth of 2.25m while Ogudu is underlain by dark grey, stiff  medium grained clayey sand at the depth of 

13m. results from Ogudu on plastic limit was in the range of 20-40, liquid limit; 40-70 and natural moisture content; 25-30% while for Pen-

Cinema, plastic limit was in the  range of 28-30, liquid limit; 45-48 and natural moisture; 17-19%. Based on undrained triaxial test, an 

allowable bearing capacity of 68.53KN/m2 calculated for the CPT in Pen-Cinema while in Ogudu, allowable bearing capacity of 10.96 

KN/m2 was calculated.  However based on results from the above test carried out, for any proposed structure in Ogudu, pile foundation will 

be suitable for engineering structures while in Pen-Cinema, raft foundation will be more preferable. 
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1. Introduction 

The upper most layer of the soil which is the top soil has not 

really been an important consideration in citing an 

engineering structure since their geology is made of 

materials of various compositions, going down depth is the 

subsoil which goes down 300mm deep and this is of   

paramount importance in citing engineering structures like 

roads, buildings etc. because it serves as base upon which 

these structures seats. However, being able to comprehend  

any  obstacle within the subsoil layer in terms  of how 

expansive, loose, compacted and plastic the subsoil is will 

permit one to foresee an impending danger; in addition to 

making an important contribution which also can be factor in  

the stability of its use for citing an engineering structures or 

not. Irrespective of the type of soil encountered ;which can 

be clay, silt sand, peat, having knowledge of the soil 

behavior will aid in making an important decisions that  will 

contribute to the success of any construction projects.  The 

subsoil condition of any site is very important for buildings, 

since they serve as base for any structure and they come in 

different varieties of sand, clay, loose and expansive soils 

etc. The subsoil soil encountered at a particular site will also 

determine the nature and the type of foundation to be placed 

on it, since the foundation connects loads from the structure 

to the ground [33]. The imposed load from the foundation to 

the soil enhances consolidation and settlement process in 

foundation which is very rapid in sandy soil in which failure 

of foundation can take place before building is completed .In 

some cases cohesive soils like clay due to their ability to 

hold water for a long time and the amount of time and years, 

settlement occurrence is not rapid [9]. The unavoidable 

occurrence which comes in form of cracks, distress, 

subsidence ,tilting, partial or total collapse  which occurs due 

to the imposed load on the subsoil as a result of negligence in 

the design of foundation to the soil bearing capacity  has  

lead to the loss of human and financial resources and this is 

termed “Failure” [27]. Different cases of foundation failure 

span across globally, which result from failure in designing 

foundation according to engineers details or 

recommendation, cutting cost. Stable base for successful 

execution of buildings, dams, bridges, etc requires accurate 

structural analysis as well as in depth review of the 

supporting geology [10], [11]. The need for a well planned 

construction is necessary in order to avoid future catastrophe 

which requires necessary desk study and reconnaissance to 

the site for survey which is carried out by an experienced 

registered geologist in order to identify the soil, topography, 

drainage type existing in the survey area which most 

landowners shy away from and count as misuse of resources 

and notwithstanding being economical one of the least 

expenses in lieu of any construction work.  Some builders 

also sometimes out of greed, building  relationship for more 

contract shy away from  giving the right advice to their client 

on the need for subsoil investigation which is needed to 

determine the design ,foundation type, settlement rate and 

bearing capacity. The geotechnical test now proves necessary 

to be conducted prior to the embankment of any construction 

work because visual inspection and observation of the 
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geologic material present in a particular site has not been 

effective  and is also part of the contribution to building 

collapse because builders and land owners shy away from 

conducting necessary test which includes shallow and deep 

boring and drilling into the formations and probing available 

data from allied Formations; collecting disturbed and  

undisturbed samples from the drilled site and taking it to the 

laboratory for testing  which will in turn aids in design of the 

bearing capacity of the load to be imposed upon the subsoil 

[28], [26].  The outcome of the investigation may result in 

modifying, moving, or even abandoning a construction 

project site due to inadequate foundation capacity of the 

local geology or other alternative structural designs. When a 

site has been mapped out as suitable for construction, the 

structural design of foundation can then be drafted. Other 

factors will also be considered in drafting the design of the 

foundation based on the load, natural and artificial forces that 

will directly have impact on the foundation. According to 

Thisday newspaper (July 27
th

 2016), Lagos State has the 

highest case of severe incidences of building failures in 

Nigeria, resulting to loss of lives and material resources. 

Lagos, population 21 million, is now one of the biggest cities 

in the world, and its 3.2 percent growth rate has forced 

development on land that can‟t support multi-story buildings 

[28], [5]. A study by [13] indicated that the greatest element 

of risk in a building project lies within the uncertainties in 

ground conditions.  Series of research work have been done 

on causes of foundation failure and building collapse in 

Lagos only little was mentioned on the possible implication 

of subsurface/subsoil geology on the foundation failure. 

According to [30] building fail or do poorly because of 

detailing errors, wrong construction methods, inferior 

building materials, lack of necessary tests or proper 

construction supervision. [25] attributed the cause of 

building failure poor/inadequate construction and the kind of 

soil used during foundation. [7] stated that seasonal variation 

can cause foundation failure. [2] is of the opinion that static 

water level at the foundation beds can cause foundation 

instability. According to [29], Building collapse is due 

structural defect. [1] is of the opinion that failure in building 

can be attributed to defect and deterioration. From the earlier 

research work done by [23], [21] it can be seen that highest 

occurrence of building collapse happened in the areas 

underlain by Littorial Alluvium unlike underlain by in 

Coastal Sand (Fig1 and Table 1). The percentage of building 

collapse from 1978 to May 2017 records 32.47% for areas 

underlain by coastal sand and litorial 67.53%. This study 

focused on investigating the implication of the subsoil 

geology on the variation in the occurrence of foundation 

failure in this different lithology in Lagos. Subsoil 

investigation of geology in these areas of lithologic 

differences will be done using Standard penetration test 

(SPT) and Cone penetration test (CPT),  to determine the soil 

type at a particular depth as the well as the bearing capacity 

of the soil. The result from the above test will go along in 

reducing the incidence of foundation failure since the soil 

bearing capacity enables engineers in choosing the type of 

foundation and the amount of load to place on it. Just like 

figure 2 (a picture of a distress building that was taken from 

Kosofe local government area of Lagos), critical look at the 

picture shows that the building is undergoing subsidence 

gradually. 

 
 

Figure 1: Distressed buildings in the Study Area 

 

Table 1: Local Government in Lagos and the occurrence of 

building collapse 

 

S/N 
Local 
government 

Occurrences Percentage 

1 Agege 6 5.13 

2 Ajeromi-Ifelodun 2 1.7 

3 Alimosho 3 2.56 
4 Apapa 0 0 

5 Eti-Osa 7 5.98 
6 Ifako-Ijaiye 0 0 

7 Ikeja 13 11.11 

8 Kosofe 2 1.7 
9 Lagos Mainland 14 11.97 

10 Lagos Island 32 27.35 

11 Mushin 7 5.98 
12 Oshodi-Isolo 9 7.69 

13 Somolu 7 5.98 

14 Surulere 15 12.82 
15 Amuwo-Odofin 0 0 

16 Ojo 0 0 

 

2. Geological Setting  
Lagos is situated and enclosed in the southwestern Nigeria, a 

coastal zone marked by lagoons and coastal creeks [14] 

emerged by sand ridges (barrier beaches) linked with sand 

accumulation [34]. [3] identified the deserted coastal creeks, 

lagoons, swamp flats, forested river flood plain, beach ridge 

and the barrier beaches as a sub division of the 

geomorphologic sub units in the coastal environment. It lies 

within the Dahomey basin with lithologic components 

mostly of sands, clay and limestone [17] stiffens when 

approaching the west and likewise dips down towards the 

coast [24] .The stratigraphy of the Dahomey basin has been 

grouped into six lithostratigraphic formations namely, from 

oldest to youngest, Abeokuta, Ewekoro, Akinbo, Oshosun, 

Ilaro, and Benin Formations [8],[16],[18] ,[22] ,[3] .  The 

Abeokuta Groups represents an irregularity accompanied 

with the basement complex. It account for a huge aquifer just 

in the northern region of Lagos municipality in Ikeja district 

where the borehole to the (aquifer) water level is around 

750m extensive. The Ilaro and Ewekoro Formations are not 

the principal water table (aquifer) in Lagos, mostly made up 

of shale/clay. The sole information about the origin of the 

hydralaulic fact about the Ilaro Formation was gotten at 

Lakowe; where no fresh water boundary was intercepted. It 

has been difficult to distinguish the Ewekoro Formation as 

target aquifer in any existing wells in the municipality. The 

Formation probably exemplifies a slight groundwater source 
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in Lagos. The Coastal plains sand is the predominant water 

table (aquifer) in Lagos that is harness via hand –dug wells 

and boreholes. It builds in three aquifer boundary partitioned 

by clayey and silty stratum which builds into several aquifer 

systems [14], [12] .The aquifer expands from its outcrop 

space in the north of the metropolis to the coastal region in 

the south and the sand proportion in the formation also 

alternates from north to south [14]. Local geology of the two 

areas sampled (Fig. 2). Geologically, Agege and Ogudu also 

fall within the Benin Formation age ranging from Miocene to 

Recent. Geology of Ogudu, and environ show recent deposits 

of littoral and lagoonal sediments of the coastal belt, grading 

into alluvial sediments on the landward side of the lagoon. 

The sediments consist of unconsolidated deep sand deposit, 

which is usually loose, coarse grained and shelly, alternating 

with dark organic clays of variable thickness, and varying 

proportion of partly carbonized vegetable matter (peat). 

Geology of Agege and its environ is particularly the Stiff to 

very Stiff Sandy Clay layer overlying more other competent 

very stiff to hard sandy lateritic clay with hard pan layers 

encountered between the existing ground level and 10.00m 

depths in the drilled boreholes. 

 

 
 

Figure 2: Geology of Lagos 

 

3. Method Of Study  
 

3.1. Field Mapping/Sample Collection 

Two cone penetration test (CPT) and two standard 

penetration test (SPT) were carried out in two lithological 

different areas of Lagos (i.e. littoral and coastal plain sand) 

in two different Local Governments; Agege and Kosofe. The 

procedures used for boring, sampling in-situ testing and 

describing soils were generally in accordance with the 

British Standard Code of Practice for Site Investigations, B.S 

5930:1999, and with Method of Testing Soils for Civil 

Engineering Purposes, B.S 1377:1990.  

 

3.1.1.   Boring 

Boring in soil by the “Shell and Auger” or cable percussion 

method is based on the use of variety of tools which, with the 

exception of the auger are alternatively raised and dropped to 

break up and recover the soil. A shell, which consists of a 

heavy long tube with flap valve on the bottom, is used in 

non-cohesive soils such as sand and gravel. Very hard soils 

or boulders or other obstructions where feasible, are broken 

up by chiseling and the fragments are removed with the 

shell. The auger is worked on boring rods while the 

remaining tools are worked on a wire cable. Chiseling is 

carried out using either a heavy chisel-shaped instrument or 

the clay-cutter with heavy weights attached. Borehole 

diameter varies from 250mm to 150mm with the size being 

selected to suit the ground conditions and to allow, where 

necessary, reduction to a smaller size to permit installation of 

casing to greater depths. 

 

3.1.2.   Undisturbed Samples 

Undisturbed samples were taken with a 100mm 

(approximate) internal diameter open tube sampler fitted 

with a cutting shoe in cohesive soils. The sampler was forced 

into the soil at the bottom of the borehole using boring rods. 

After taking sample, the drive head and cutting shop were 

unscrewed from the sample tube and any slurry or disturbed 

soil is removed from each end. The sample tube is sealed 

with wax and end caps are screwed on. The samples are then 

transfer to the laboratory for examination and testing. 

 

3.1.3.   Standard Penetration Test (SPT) 

The test is carried out in accordance with B.S 1377:1975, 

Test 19. A split barrel thick-walled sampler (“split spoon”) 

of about 35mm internal diameter is driven 450mm into the 

soils by repeated blow from a trip hammer weighing 65kg 

and falling through 760mm. The Standard Penetration Test 

Resistance, or „N‟ value gives an empirical measure of the 

soil consistency and it is also used to estimate the bearing 

capacity and compressibility of granular soils. The cutting 

shoe is often replaced with a solid cone for used in gravels. 

The test can also be used to provide a guide to the relative 

strength of weathered rocks. Standard Penetration Tests are 

taken at 1.50m intervals where the N – values are taken and 

recorded and disturbed samples are taken at 0.75m interval. 

 

3.1.4. The Dutch Cone Penetrometer Test (CPT) 

The Dutch cone penetrometer test consists of forcing a 

hardened steel cone continuously into the ground and 

measuring its resistance to penetration. The standard cone 

used as an apex angle of 60º and a based area of 10cm
2
. The 

penetrometer machine consists of a steel frame carrying a 

driving head which houses a hydraulic pressure capsule. The 

driving head can be raised or lowered by a manually 

operated winch or a motor drive hydraulic raw. The cone 

assembly is pushed into the ground by means of steel rods 

connected to the driving head. These rods are protected from 

friction with the soil by hollow outer rods. The cone driving 

rods and outer rods were pushed together into the ground for 

a distance of 250mm (200mm in the case of test with 2.5 

tone machines). The driving pressure is then applied to the 

inner rods only and the cone is advanced independently of 

the outer rods for a distance of about 40mm at a rate of 

approximately 100mm/sec. the pressure require to advance 

the cone is transmitted through the capsule in the driving 

head to a gauge and the penetration resistance is registered 

on the gauge is recorded. The larger penetration machines 

are capable of recording a skin friction value of the material 

by advancing a friction jacket or sleeve behind the cone. The 

outer tube is then advanced and the whole assembly is driven 

a further 250mm where the operation is repeated. 

 

3.2. Laboratory Testing 

Laboratory tests were carried out on selected samples for the 

determination of soil types and geotechnical engineering 

characteristics as useful for the design and construction of 
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foundations on the site. Tests were carried out using the 

procedure set out in relevant parts of BS 1377:1990 -British 

Standard Methods of Test for Civil Engineering Purposes 

with Equivalents in ASTM Standards. 

 

Tests undertaken include: 

 Classification Tests 

i. Liquid limit and Plastic Limit ( Atterberg) 

ii. Determination of moisture content. 

 

 Engineering tests 

i. Quick undrained Triaxial Tests were undertaken on 

selected undisturbed samples recovered at various 

depths in the course of the investigation. 

ii. Oedometer consolidation test. 

 

4. Results And Discussion  
Two different sites Ogudu in Kosofe Local Government 

Area and Pen Cinema in Agege have been tested for their 

subsoil bearing capacity. Site investigation and data 

collection from both locations was done during raining 

season in order to determine groundwater level, since it 

affects many elements of the foundation design and 

construction.  It must be noted that ground water level are 

subjected to seasonal and annual fluctuations depending on 

many factors such as amount of rainfall, waterline break, 

surface drainage and the hydrology of the area.  At the depth 

of 10.00m ground water was not encountered in the drilled 

borehole at Pen Cinema at depth where as in Ogudu,  

groundwater was at near surface of about 0.8m deep. This 

water level would rise to surface in the wet season and after a 

heavy rainfall. It would however drop to and below 2m depth 

during the dry months of the year. Plasticity test carried out 

on the soils from the two sites is summarized in Table 2. 

 

Table 2: Plasticity Characteristics of Soil in Ogudu and Pen-

Cinema 

 

The plasticity results from the two soils sampled in two 

different locations displayed in Table 2 and Fig. 3 showed 

differences in character of these soils. Soil in Ogudu area 

belongs to A-6 group in AASHTO Classification system 

meaning that the soil here is clayey while the soil in Pen-

Cinema belongs to A-5 group in AASHTO classification 

system which is silty soil and also regarded as fair in terms 

of construction [4]. [31] noted that PI > 31 should be 

considered high and which indicates high content of 

expansive clay. Hence the higher the plasticity index of the 

soil, the less competence of a soil as foundation material. 

The Consistency Index values calculated from two boreholes 

drilled in Ogudu showed consistency of medium to stiff soil 

while those from Pen-Cinema showed consistency from very 

stiff to hard soil. 

 

 
 

Figure 3: Ogudu and Pen-Cinema Plasticity chart 

 

4.1. Cone Penetrometer Test 

The Cone Penetration Test (CPT) data collected are 

presented in graphs (Fig.4 and Fig. 5) and a summary of 

locations and depths is available in Table 3.  The graphs of 

the cone penetrometer reading are presented as penetration 

rate against depth in Figure 4 and 5. The readings show 

significantly low cone resistance value which indicates peat 

clayey material (Table 3) for the samples from Ogudu while 

that of Pen-Cinema showed yellowish sandy silt. The linear 

natures of the graph in Ogudu CPT constant penetration as 

the subsurface materials offer no resistance to the driven 

cone unlike in the case of Pen-Cinema. The result on the 

CPT test indicates that the depth range of 12.5m penetrated 

is unfit for erecting the foundation of most structures due to 

its low shear strength while in Pen – Cinema, the same depth 

range is fit for erecting foundation. Table 4 and 5 show the 

values of various depth of CPT from the two sites. 

 

Table 3: CPT result two locations 

 

 

  

Location Ogudu Pen-Cinema 

Test Hole CTP1 CPT2 CTP1 CPT2 

Depth of 

Penetration 

(m) 

12.5 13 2.0 2.25 

Cone 

Resistance 

(kgf/cm2) 

80 85 80 40 

Remarks 

Dark grey, 
stiff medium  

grained 

clayey sand 

Dark 

grey, 
stiff  

mediu

m 
graine

d  

clayey 
sand 

Stiff sandy 
silty 

 lateritic 

clay  

Very hard 

sandy 
silty  

lateritic 

clay with  
hard pans 

Atterberg Limit Ogudu Pen-Cinema 

 BH1 BH2 BH1 BH2 

Liquid Limit 40 70 45 48 

Plastic Limit 20 40 28 30 

Plasticity Index 20 30 17 18 

Natural Moisture 

Content 
25 30 17 19 

Consistency Index 0.75 0.83 1.65 1.61 

AASHTO Group A-6 A-5 
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Figure 4: Graphical representation of CPT1 and 2 in Ogudu 

area 

 

 
 

Figure 5: A graphical of CPT 1 and 2 in Pen-Cinema                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Ogudu CPT data collected from the field. 

 

CPT1 CPT2 

QC Depth Const. BC. QC Depth Const. BC 

0 0 
  

0 0   

35 -0.25 2.7 94.50 20 -0.25 2.7 54.00 

20 -0.5 2.7 54.00 10 -0.5 2.7 27.00 

15 -0.75 2.7 40.50 10 -0.75 2.7 27.00 

10 -1 2.7 27.00 15 -1 2.7 40.50 

15 -1.25 2.7 40.50 10 -1.25 2.7 27.00 

25 -1.5 2.7 67.50 15 -1.5 2.7 40.50 

20 -1.75 2.7 54.00 20 -1.75 2.7 54.00 

25 -2 2.7 67.50 15 -2 2.7 40.50 

25 -2.25 2.7 67.50 25 -2.25 2.7 67.50 

35 -2.5 2.7 94.50 30 -2.5 2.7 81.00 

25 -2.75 2.7 67.50 40 -2.75 2.7 108.00 

25 -3 2.7 67.5 10 -3 2.7 27 

10 -3.25 2.7 27 25 -3.25 2.7 67.5 

25 -3.5 2.7 67.5 15 -3.5 2.7 40.5 

20 -3.75 2.7 54 15 -3.75 2.7 40.5 

35 -4 2.7 94.5 30 -4 2.7 81 

50 -4.25 2.7 135 45 -4.25 2.7 121.5 

40 -4.5 2.7 108 35 -4.5 2.7 94.5 

10 -4.75 2.7 27 25 -4.75 2.7 67.5 

10 -5 2.7 27 15 -5 2.7 40.5 

15 -5.25 2.7 40.5 10 -5.25 2.7 27 

5 -5.5 2.7 13.5 15 -5.5 2.7 40.5 

5 -5.75 2.7 13.5 20 -5.75 2.7 54 

10 -6 2.7 27 10 -6 2.7 27 

5 -6.25 2.7 13.5 15 -6.25 2.7 40.5 

10 -6.5 2.7 27 5 -6.5 2.7 13.5 

5 -6.75 2.7 13.5 10 -6.75 2.7 27 

10 -7 2.7 27 10 -7 2.7 27 

5 -7.25 2.7 13.5 10 -7.25 2.7 27 

10 -7.5 2.7 27 10 -7.5 2.7 27 

15 -7.75 2.7 40.5 20 -7.75 2.7 54 

10 -8 2.7 27 10 -8 2.7 27 

5 -8.25 2.7 13.5 10 -8.25 2.7 27 

10 -8.5 2.7 27 20 -8.5 2.7 54 

15 -8.75 2.7 40.5 30 -8.75 2.7 81 

10 -9 2.7 27 20 -9 2.7 54 

5 -9.25 2.7 13.5 25 -9.25 2.7 67.5 

10 -9.5 2.7 27 40 -9.5 2.7 108 

5 -9.75 2.7 13.5 30 -9.75 2.7 81 

10 -10 2.7 27 50 -10 2.7 135 

5 
-

10.25 
2.7 13.5 40 

-

10.25 
2.7 108 

15 -10.5 2.7 40.5 30 -10.5 2.7 81 

5 
-

10.75 
2.7 13.5 20 

-

10.75 
2.7 54 

10 -11 2.7 27 30 -11 2.7 81 

20 
-

11.25 
2.7 54 25 

-
11.25 

2.7 67.5 

25 -11.5 2.7 67.5 40 -11.5 2.7 108 

40 
-

11.75 
2.7 108 50 

-

11.75 
2.7 135 

70 -12 2.7 189 30 -12 2.7 81 

80 
-

12.25 
2.7 216 50 

-

12.25 
2.7 135 
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               Table 5: CPT data at Pen-cinema Agege 

 

CPT1         

Qc Depth Const Bc Qc Depth Const. BC 

0 0   0 0   

4 -0.25 2.7 10.80  35 -0.25 2.7 
    
94.50  

4.5 -0.5 2.7 12.15  20 -0.5 2.7 
    

54.00  

15 -0.75 2.7 
   

40.50  
15 -0.75 2.7 

  

40.50  

20 -1 2.7 54.00  10 -1 2.7 
    
27.00  

35 -1.25 2.7  94.50  15 -1.25 2.7 
 

40.50  

35 -1.5 2.7  94.50  25 -1.5 2.7 
 

67.50  

40 -1.75 2.7 
  

108.00  
20 -1.75 2.7 

 
54.00  

40 -2 2.7 
  

108.00  
25 -2 2.7 

 

67.50  

    25 -2.25 2.7 
 

67.50  

 

Using methods set out in Lagos State Material Laboratory 

test for CPTs in Foundation Engineering, “Simplified 

Description of the use and Design Methods”, the following 

parameters were gotten: Undrained shear strength (Cu) for 

Ogudu 

Cu = qc/NK 

Where qc = cone end resistance value 

Nk = 12.5 for P1 

Using the lowest average qc value from Table 3, qc = 

80kgf/cm
2 

Cu = 80 kgf/cm
2
/12.5m = 6.4 KN/m

2  

Allowable Bearing Capacity 

Ultimate bearing capacity is 5.14 Cu, 5.14 x 6.4 = 

32.9KN/m
2 

Allowable bearing capacity = 5.14 x 6.4/3 = = 10.96 KN/m
2 

Where 3 = FOS (factor of safety) 

Undrained shear strength (Cu) for Pen-Cinema 

Cu = qc/NK 

Where qc = cone end resistance value 

Nk = 2.0 P1 

Using the lowest average qc value from Table 3, qc = 

80kgf/cm
2 

Cu = 80 kgf/cm2/2.0m = 40 KN/ m
2 

Allowable Bearing Capacity 

Ultimate bearing capacity is 5.14 Cu = 5.14x40 = 205.640 

KN/ m
2 

Safe bearing capacity is 5.14 x 40/3 

Where 3 = FOS (factor of safety) 

Allowable bearing capacity = 5.14 x 40/3 = 68.53 KN/m
2 

 

4.2. Shear Strength Properties 

Shear Strength Parameters The strength and consolidation of 

foundation soils play major roles in construction projects. 

These engineering parameters determine the ability of the 

soil to carry weights, and support buildings and roads. The 

nature of shearing resistance of a soil offers the opportunity 

to analyze its stability problems such as bearing capacity. In 

Table 6, the cohesive strength (Cu) of the areas ranges from 

72 to 90 kN/m2, while the undrained angle of internal 

friction (∅ ) varies between 16
0
 and 9

o
. 

 

 

 

 

Table 6: Quick undrained shear strength in two areas 

 

 

 

 

 

 

 

For the soils in Pen – Cinema, the quick undrained shear 

strengths test gave 72kN/m
2
 and 80kN/m

2 
at 1.50m and 

3.00m depth respectively indicating stiff to very stiff sandy 

silty lateritic clay while that of Ogudu gave 75KN/m
2
 and 

90KN/m
2
 at the depth of 11.5 to 13m indicating stiff medium 

grained clayey sand (Table 3, 4, 5 and 6) 

 

4.3. Standard Penetration Test 

 

Table 7: Geotechnical Engineering data from Standard 

Penetration Test in Ogudu. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A summary of the borehole log derived from the SPT in 

Ogudu is represented in Table 7 and Figure 6. During the 

percussion drilling exercise peat material was encountered 

within the depth of 0 to 8.5 m (Fig. 6). This material is dark 

to brownish dark and soft in texture. This region is attributed 

with poor geotechnical properties, low shear strength and 

high compressibility potential. This region is not suggested 

for erecting foundation of most structures. Below this 

material is   clayey sand material were encountered at a 

depth range of 8.5 to 11.50 m. The material present at this 

depth is classified as moderate and good geotechnical 

properties. This region has moderate to high shear strength 

and low compressibility potential. This region might be fit 

for sizable structures. At the depth ranges of 11.50 to 27.50m 

very stiff clayey sand was encountered but with varying 

texture. The texture varies from loose, medium and dense 

clayey sand and compact (derived from the number of 

blows). The material at this depth is associated with good 

geotechnical properties, high shear strength and low 

compressibility potential. This depth range is deemed fit to 

erect the foundation of most structures, but the thickness of 

the overburden to be removed may be expensive. 

CPT2 Location Ogudu Pen-Cinema 

Sample 1 2 1 2 

Cohesive strength KN/m2 90 75 80 72 

Undrained angle of internal friction 
degree (0 ) 

11 9 16 14 

 

Depth 

(m) 

Subsoil Encountered 

Description 

Laboratory Analysis 

Description/Remark 

0.00to -

4.50 

Dark grey, debris i.e 

broken glass, Nylon. 
lateritic sand 

         Nil 

-4.50 to 

8.50 

Dark grey, stiff, fine- 

medium grained peaty 
Clayey 

 sand. 

Partially Compressible. 

 

-8.50 to 
-11.50 

Dark grey stiff, medium 
grained  

Clayey sand. 

Low compressibility 
 

-11.50-
27.50 

Dark grey, very stiff 
medium  

Grained clayey sand 

Very low 
Compressibility 

-27.50-
30.00 

Dark grey medium-grained 
sandy 

Clay 

Predominantly fine to 
medium  

grained sand but slightly 

plastic 
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Figure 6:  SPT result from Ogudu 

 

Table 8 and Figure 7 is a summary of SPT borehole log 

derived from Pen-Cinema and the materials encountered at 

various depth. From 0-1m, the material is grayish dark with 

broken blocks is the upper layer. Within the depth of 1-

16.5m   and above, unlike the SPT result from Ogudu, the 

material present at these depths are classified as moderate 

and good geotechnical properties. This region has moderate 

to high shear strength and low compressibility potential and 

might be fit for sizable structures. The texture varies from 

loose, medium and dense clayey sand and compact (derived 

from the number of blows). The material at this depth is 

associated with good geotechnical properties, high shear 

strength and low compressibility potential.  

 

 
 

Figure 7: SPT result from Pen-Cinema 

 

4.4. Oedometer Consolidation and bearing Capacity 

Properties in Foundation design  

The rate at which the studied soil undergoes compression 

(Cv), ranges between   0.18 and 0.34 m
2
 /MN in Ogudu area 

while in Pen-Cinema it ranged from 0.06 to 0.09 m
2
 /MN.  

This shows that the soils in Ogudu locations are more 

compressible, meaning that the building is underlain by an 

incompetent soil layer which is susceptible to settlement. 

While the amount of settlement in relative to the coefficient 

of volume change (mv) in Ogudu varies between 0.19 m
2
 

/MN and 0.32 m
2
 /MN unlike Pen – Cinema that varies 

between 0.0934m
2
/MN and 0.1205m

2
/MN. It is evident that 

both rate and amount of settlement of the studied soils would 

vary with confining pressure. Establishing any structure on 

such a soil layer with compressible fines content could result 

to differential settlement [32].  
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Table 8: Geotechnical engineering data from Standard 

Penetration Test Pen-Cinema 

 

 

4.5. Shallow Foundations 

The estimated bearing capacities for shallow and deep 

foundations envisaged for civil structures in the areas are 

summarized in Table 9 and 10. These values were based on 

the [15] theory. 

qa = 2.7Ckd/ kN/m
2
 ~ Ckd /40kg/cm

2 

Where Ckd = cone resistance in kg/cm
2
 and qa = allowable 

bearing pressure in kN/m
2 

 Considering the proposed 

buildings on this site and the subsoil conditions as revealed 

in the completed SPT and DCPT results, and Laboratory 

analyses of selected subsoil samples, it is suggested that 

Reinforced Shallow Foundation in form of Pad & Column 

could be adopted for any proposed building to a minimum 

depth of -1.50m below the existing ground level should be 

adopted for any proposed building which will support a 

structural load of 144kN/m
2    

in Agege. While for Ogudu the 

allowable bearing pressure is low to mobilize any building 

for shallow foundation. Based on the undrained shear 

strength calculated above from Table 2, the allowable 

bearing capacity for Ogudu is 10.96KN/m
2
 while Pen cinema 

is 68.53KN/m
2
. The result of the investigation as calculated 

based on Meyerhof‟s formulae for Strips or Square/Circular 

foundations irrespective of the foundation width at various 

depths range gave the following allowable bearing pressure 

values for the subsoil condition in its present natural state are 

shown in Table 9. 

 

 

 

 

 

 

 

 

 

 

Table 9: Allowable Bearing Pressure obtained from 

CPT locations 

 

 

4.6. Deep Foundations 

The results of the borehole tests in Ogudu revealed very stiff 

clayey sand at 11.50m depths into which end bearing Piles 

could be terminated. Some form of deep foundations such as 

deep reinforced concrete columns of medium to big size 

cross-sectional area can be used to transmit the column loads 

from the building to terminate within the medium dense to 

very dense indicated to occur below 11.50 depths. In Pen-

Cinema, it is accordingly recommended that concrete piles 

be constructed to 6-7m depth for supporting relatively heavy 

structures on the site. Such foundations should be capable of 

mobilizing high safe working loads sufficient for the 

building to stop the building from further settlement. Also, 

spacing of piles or number of piles used per column and 

pattern must ensure that groups are not heavily loaded. The 

following piles working loads in Table 10 and 11 are quoted 

as a guide based on data obtained from SPT results for bored 

cast-in-place piles. 

 

Table 10: Pile Load for Ogudu 

 

 

Table 11: Pile Load for Pen-Cinema 

 

 

 

 

  DEPTH 

(m) 

      SUBSOIL 
ENCOUNTERED 

              

DESCRIPTION 

LABORATORY ANALYSIS 

 DESCRIPTION/REMARK 

0-1 

Dark grayish sand with 
broken blocks at the 

upper layer 

Nil 

1-6.75 

Firm to stiff, crusty 
and dry mottled rust 

reddish and yellow 

silty  
clay with some sand 

Medium to low compressibility  

(consolidation), stiff to very stiff,  
low  

compressibility  

6.75-8.25 

Yellowish, reddish 

brownish silty sandy 
clay becoming stiff at  

depth.  

Medium to low compressibility  

(consolidation), stiff to very stiff, 
low 

compressibility 

8.25-13.5 
Reddish brown sandy 

clay 

Medium to low compressibility  
(consolidation), stiff to very stiff, 

low  

compressibility 

13.5-16.5 

Whitish grey very stiff 
clayey sand with fine 

gravel 

Medium to low compressibility  

(consolidation), stiff to very stiff, 

low  
compressibility 

>16.5 Clayey sand 

Medium to low compressibility  

(consolidation), stiff to very stiff, 
low  

compressibility 

Ogudu Pen-Cinema 

Depth 
range 

(m) 

 

Allowable bearing 

pressure 
(qa) in kN/m2 

Depth 

range 
(m) 

Allowable bearing 

pressure (qa) in 
kN/m2 

- 0.50 27 -0.5 54 

- 1`.00 43 -1.00 72 

- 2.00 54 
         -
1.50 

144 

-3.00 118 -2.00 270 

-4.00 232 -2.50 342 

  -3.00 450 

Pile Type 
Pile Length 

(m) 

     Safe working Load 

(kN) 

300mm Bored cast-in-place 
pile 

           11                 210 

400mm Bored cast-in-place 

pile 
           11                 320  

500mm Bored cast-in-place 

pile 
           11                 410 

Pile Type Pile 

Length 

(m) 

     Safe working 

Load (kN) 

300mm Bored cast-in-

place pile 

           9                 195 

400mm Bored cast-in-

place pile 

           9                 240  

500mm Bored cast-in-

place pile 

           9                 310 
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4.7. Conclusion and Recommendation 

Array of results in tables and graphs from tests carried out in 

these two locations have given physical and engineering 

properties of the sub-soils encountered on the site, while 

some analysis and comments have come out with conclusive 

parameters for use in design. Based on the information 

available on the study locations, visual observation made at 

the site, interpretation of data obtained from CPT/SPT, 

boreholes and laboratory analyses of the selected soil, 

isolated bases and /or strips or raft at least 1.5m for Pen-

Cinema and Ogudu will require 0.5m wide placed in fill at 

founding depth of 750 to 1000mm is recommended.  An 

allowable conservative bearing capacity of 68.53KN/m
2
 may 

be used in design of foundations proposed for the structure 

on this site (either pad footing or raft) while in Ogudu, 

allowable bearing capacity of 10.96 KN/m
2
.  However for 

relatively heavier structures bored piles to a depth of 11m 

may be adopted, the size of which depends on the expected 

imposed load. From the investigations carried out, it is 

evident that the subsoil in Agege study area is situated on a 

firm soil; the bearing capacity of the soil exceeds 100KN/ 

m², thus eliminating the use of pile foundations while in 

Ogudu is expansive soil due to the high plasticity index and 

low bearing capacity of the soils. It is suggested that any 

proposed structure within Ogudu should be placed on Pile 

foundation. 

 

4.7.1. Foundation Recommendations 

The following factors should generally be taken into 

consideration prior to placement of any foundation type. 

 Depth of topsoil, rubbish of uncontrolled fill or 

suspicious materials if any. 

 Depth of poor surface deposit such as peat, mud or 

sanitary landfills. 

 Ground water table and its seasonal fluctuations. 

 Depth of poor or better underlying strata. 

 Depth of adjacent footings as applicable 

 

It is therefore suggested that continuous foundation footings 

should not be placed on the identified clay soil in Ogudu; 

Foundations of large civil engineering structures around the 

study area should be safely anchored in form of piles on 

competent sand material. Whereas It can be therefore 

concluded that, the subsoil on or within the subsoil of Agege 

which any proposed engineering structure can safely   be 

founded on a shallow foundation since the subsoil within the 

study area are generally competent. 
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