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The near-surface anisotropic properties within the South-Western Niger Delta were investigated to 
determine their impacts on geotechnical constructions. Uphole data analyses reveal a weathered layer 
that is thickest in the NW, E and SE with an average of 4.2 m and thinnest in the North-Central with a 
value of 3.8 m; a sub-weathered layer that is thickest in the NW and SW with an average of 32.1 m and 
thinnest in the SE with a value of 19.0 m and an underlying consolidated layer with great thickness. 
Vp/Vs values of 1.16265, 1.16279 and 1.16278 were computed for the layers, respectively. Similarly, 
Poisson’s ratio of -0.9214, -0.9201 and -0.9202 were obtained for the layers respectively. Shear modulus 
has an average of 4.01 × 108 Nm

-2
 in the weathered layer, 26.0 × 108 Nm

-2
 in the sub-weathered layer, 

and 49.98 × 108 Nm
-2

 in the consolidated layer. Young’s modulus has an average of 0.63 × 108, 4.11 × 
108 and 7.98 × 108 Nm

-2
 in the layers, respectively. Bulk modulus has an average of 0.74 × 108 Nm

-2
, 

4.62 × 108 Nm
-2

 and 0.94 × 108 Nm
-2

 in the layers, respectively. The ultimate bearing capacity, qf has an 
average of 804.9, 2241.0 and 3349.8 kNm

-2
 in the layers, respectively. The allowable bearing pressure, qa 

of the soil has an average of 201.2, 560.2 and 837.4 kNm
-2

 in the layers, respectively. Core samples 
collected to a depth of 66 m from 12 wells revealed an admixture of sand, sandy-clay, clayey-sand and 
dominant clay units. These quantitative results correlate with the standard geotechnical values for clay. 
The large deposit of about 30 m of clay delineated in this research may act as expansive soils which 
portends danger for foundations of buildings located in this area and must be avoided. 
 
Key words:  Anisotropy, uphole, near-surface, clay, geotechnical, Niger Delta. 

 
 
INTRODUCTION 
 
The near-surface refers to the uppermost 50 to 100 m of 
the earth’s subsurface (Sheriff, 2002). It is made up of 
weathered low velocity materials that are usually fluid-
saturated and unconsolidated. Physical properties such 
as thickness, lithology, density, seismic signal traveltime, 
velocity and attenuation effects among others  within  this 

zone may rapidly change laterally and/or vertically. This 
variation in the physical properties of a medium 
depending on the direction in which they are measured is 
known as anisotropy (Sheriff, 2002; Allaby, 2008). A good 
knowledge of the near-surface with its anisotropic 
properties  is  essential  in  view  of  the  spurious  effects
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Figure 1. Map of Delta State showing the study area.  
Source: Modified after Ogeleka et al. (2016). 

 
 
 

exerted on seismic data and geological structures within 
this layer. Alaminiokuma and Amonieah (2012) observed 
that the base of the near-surface has large velocity 
contrast which sharply bends raypaths causing seismic 
waves to travel almost vertically through this medium and 
high impedance contrast making it an excellent reflector 
of multiples; highly absorbs seismic energy resulting in 
poor quality of records from shots; disproportionately 
changes travel-times of seismic waves due to the rapid 
change in velocity of the medium; shifts reflection events 
on adjacent traces out of their normal paths due to time 
delays of rays caused by abnormally low velocity and that 
the variation in the thickness of this medium may lead to 
false indications of significant structural relief features.  

Several studies on the near-surface properties have 
been conducted in different parts of the Niger Delta, East-
Central (Uko et al., 1992), South-Central (Eze et al., 
2003), Western (Akpabio and Onwusiri, 2004), North-
Central (Alaminiokuma and Amonieah, 2012) among 
others. 

This research employs the uphole seismic survey and 
well logging techniques to investigate the near-surface 
and its anisotropic properties in South-Western Niger 
Delta with particular focus on the suitability of soil in this 
zone for geotechnical constructions. 
 
 

Location of the study area 
 

The study area is a 3-D seismic prospect which lies in the 
South-Western part of the Niger Delta, Nigeria (Figure 1). 
It is situated between latitude 06° 11' 08" and 05° 57' 20" 
North of equator and between Longitude  04° 58' 40"  and 

05° 09' 20" East of Greenwich Meridian. The prospect 
covers about 126.40 km

2
 in subsurface area. It is mainly 

in Warri North Local Government Area of Delta State. It is 
characterized by mud flats, river tributaries, creeks and 
tropical rain forests. Some of the major communities in 
the prospect are Onubaka, Uyabebekorigha, Itagbene, 
Awamba, Tigbagbene, Erewojere, Okuregbene, 
Kurukurugbene, Aribighia, and Atilabor.  
 
 
METHODOLOGY 
 
Uphole locations grid 
 
Twelve upholes in a grid specification of 4.0 × 4.0 km

2
 were drilled 

in the survey area (Figure 2). The uphole locations were drilled at 
intersection points between the source and receiver lines of a 3-D 
seismic survey. Uphole locations UH 4, UH 5, UH 8, UH 9, UH 10 
and UH 11 were moved to new interception points (IP) as their 
original shot points fell on mud flat or directly inside creeks with high 
water levels. 
 
 
Uphole drilling and core sampling 
 
The upholes were drilled to 66 m using rotary method and flushed 
continuously to enhance stability for smooth and effective loading of 
the uphole tool. Core samples were collected at every 3 m-depth 
interval. Immediately after drilling, the holes were aligned to True 
Vertical Depth (TVD) with PVC casing to maintain formation 
strength. 

 
 
Uphole geometry and data acquisition 
 

The  uphole  tool  consists  of  a  harness made up of a marine rope 



Alaminiokuma and Omigie          3 
 
 
 

 
 

Figure 2. Uphole acquisition grid. 
 
 
 

with a hydrophone attached to its base. The harness is weighted on 
its lower end by a heavy metal and connected to a Mc Seis-SX 24 
XP Seismograph on the ground surface. The marine rope was pre-
calibrated at each depth point and logged up to 60 m for twelve 
channels as shown in Figure 3. The Seismograph is set up at a 
safe distance of 25 m from a 2.0 m shot hole and the drilled hole is 
loaded with the graduated harness down to depth. The following 
calibrated depths: 60, 50, 40, 30, 25, 20, 15, 10, 5, 3, 1, and 0 m 
were logged (Figure 3).  

Charges (caps) are loaded into the shot hole and detonated at 
each graduated point starting with the 60 m mark and varied to the 
0 m mark at the top. Shots are taken by sending firing commands 
from the Blaster Unit which provides the voltage discharge needed 
to trigger the detonators. The Blaster normally produces a field time 
signal simultaneously with the firing pulse to the caps. This signal is 
fed back and recorded into the Mc Seis-SX 24 XP Seismograph to 
produce the arrival time sequence. After every successful shot, the 
hydrophone harness is raised to the next calibrated depth. This 
procedure is repeated till the last depth of 0 m at the ground surface 
is logged.  
 
 

Data processing/analysis  
 
The acquired uphole survey data were processed by auto-picking 
the first-breaks from the recorded traces. The arrival times (Tx) read 

from the monitor are corrected for offset and shot depths creating 
the formula by adapting Pythagoras theorem:  
 

                             (1) 

 
where Tc = Offset-corrected time; Tx = Raw Pick Time 
 
dc (Corrected depth) = Depth (receiver) – Depth (Source)             (2) 
 
The time is finally corrected to surface using:  
 
Ts (surface-corrected time) = Tc – Tc (O)                                     (3) 
 
where Tc (O) = Offset-corrected time at the surface. 

Table 1 among others shows a typical raw pick time and the 
corrected time. 

 
 
Computation of seismic parameters of the near surface 

 
The first-break times, Tf (ms) are plotted against depths, Z (m) 
(Figure 4) and interpreted using an Excel-based program to deduce 
the thickness,  calculate  the  p-wave  velocities  and estimate the s- 
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Figure 3. Uphole acquisition geometry. 

 
 
 
Table 1. Typical raw pick and corrected times. 
 

Depth, X (m) 0 1 3 5 10 15 20 25 30 40 50 60 

dc (m) 2 1 1 3 8 13 18 23 28 38 48 58 

Tx(ms) 2 4 6 8 11 14 18 21 25 30 35 40 

Tc (ms) 1.41 1.79 2.68 6.66 10.67 13.84 17.89 20.92 24.94 29.96 34.97 39.98 

Tf (ms) 0 1 4 8 12 15 19 22 26 31 36 41 

 
 
 

 
 

Figure 4. Typical plot of first-break, Tf (ms) against depth, Z (m). 
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Table 2, Equations for computing dynamic elastic and foundation properties of the near surface. 
 

Parameter 

Dynamic elastic properties  Foundation properties 

Poisson ratio σ 
Shear modulus 

µ (Nm-2) 

Young modulus 

E (Nm-2) 

Bulk modulus 

K (Nm-2) 

Lame’s constant 

λ (Nm-2) 

 Unit mass density 

γ (kNm-3) 

Subgrade coefficient 

ks (Nm-2s-1) 

Ultimate bearing 
capacity qf (kNm-2) 

Allowable bearing 
capacity qa (kNm-2) 

Equations 

[6] [7] [8] [9] [10]  [11] [12] [13] [14] 

 

(Sheriff and Geldart, 
1983) 

 

 =1760 kgm-3 

for wet clay 
 

  

  

(Tezcan et al., 2009) 

γ0 = 16 for loose, sandy 
and clayey soils (Terzaghi 

and Peck, 1967) 

 

(Bowles, 1982) 
 

(Bowles, 1982) 

 

n = 4.0 for clay soils 
(Tezcan et al., 2009) 

 
 
 

wave velocities of the weathered, sub-weathered and the 
consolidated layers of the near surface by the following 
basic equation of physics for space and time: 
 

(1) P-wave velocities, Vp were computed by:   
 

                              (4) 

 

where  = change in first-break time (ms) and  = 

change in depth (m). 
 

(2) S-wave velocities, Vs were estimated using Castagna et 
al. (1985) equation for mudrock (A clastic silicate rock 
composed primarily of clay- or silt-particles (Blatt et al., 
1972): 
  

  

 

That is:   
 

                               (5) 

 

where Vp and Vs are in kms
-1

. 
 

(3) Thickness, Z was deduced by extrapolating from the 
point of intersection of two layers to the depth axis. 

 
 
Computation of dynamic elastic and foundation 
properties of the near surface 

 
The computations of the dynamic  elastic  properties  using 

established empirical relations and the foundation 
properties using standard engineering relations of the near 
surface are done using Equations 6 to 14 in Table 2. 
 
 
RESULTS AND DISCUSSION 
 
Lithofacies sequence classification 
 
Lithofacies from core samples in the prospect 
revealed dominantly sand, sandy-clay, and clay 
units (Figure 5). The sand sequence varied in 
sizes from fine through medium to coarse. The 
sand is an admixture of the various sizes but 
demarcation is based on the size as defined by 
Wentworth scale of classification. The sequences 
observation conforms to the typical deltaic 
depositional environment. 
 
 
Seismic properties of soil in the near surface 
 
Table 3 is a summary of the results of 
interpretations of the uphole seismic data obtained 
for the near-surface within the study area. 

 
 
Near-surface seismic properties 
 
The results of the analyses of the  uphole  seismic 

data reveal the weathered, sub-weathered and 
consolidated layers in the study area. Figures 6 to 
10 are isopachs and isovels showing the variation 
in thicknesses and velocities of the weathered, 
sub-weathered and consolidated layers.  

Figure 6 shows the weathered layer to be 
thickest in the North-Western, Eastern and South-

Eastern parts with an average value of 4.2 m and 

made up predominantly of clay units. The layer is 
thinnest with a value of 3.8 m in the North-Central 
part.  

Figure 7a and b shows the velocities (Vp and Vs) 

following similar trend as the thickness: highest in 
the North-Western, Eastern and South-Eastern 
parts with average values of 546.3 and 469.9 m/s 
for Vp and Vs, respectively and lowest in the 
North-East with values of 340 and 292.40 m/s for 
Vp and Vs, espectively.  

Figure 8 shows the sub-weathered layer which 
underlies the weathered layer at an average depth 
of 4.2 m. It is observed to be thickest in the North-
Western and South-Western parts of the prospect 
with an average value of 32.1 m, and thinnest in the 
South-Eastern part of the prospect with a value of 
19.0 m.  

The velocities (Vp and Vs) shown in Figure 9a and 
b are observed to be highest in the Western part 
with an average of 1381.2 and 1187.8 ms

-1
 for Vp 

and Vs, respectively and lowest in the South-East 
with values of  750  and  645 ms

-1
  for  Vp  and  Vs, 
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Figure 5. Lithofacies sequence from core samples in the study area. 

 
 
 
respectively.  

The consolidated layer has velocities (Vp and Vs) that 
are highest in the Eastern part with values of 2285.7 and 
1965.7 ms

-1
, respectively and lowest in the North-Eastern 

and South-Eastern parts with values of 1777.8 and 
1528.9 ms

-1
 for Vp and Vs, respectively (Figure 10). The 

average computed consolidated layer velocities for Vp 
and Vs are 1964.5 and 1689.5 ms

-1
, respectively. 

 
 
Anomalously thick clay unit in the study area 
 
The most outstanding feature observed from the core 
samples/lithological sequence (Figure 5) is the 
anomalously thick clay unit in the study area. It practically 
extends from ground surface across the different near-
surface weathered layers deep into the consolidated 
layer. Table 4 is a summary of the thickness of the clay 
unit while Figure 11 is an isopach of thickness of the clay 
unit in the study  area.  The  clay  is  thickest  in  the  mid- 

 
western section of the study area. 
 
 
Geotechnical parameters of soil in the near surface 
of the study area 
 
The results of the computed dynamic elastic properties 
employing Equations 6 to 10 and the foundation 
properties employing Equations 11 to 14 of the soil in the 
study area are shown in Table 5. 
 
 
Dynamic elastic properties 
 
Table 3 shows the average Vp/Vs values of 1.16265, 
1.16279 and 1.16278 for the weathered, sub-weathered 
and consolidated layers, respectively. These values are 
observed to be approximately equal in the different 
layers.   This   is   indicative   of  similarity  in  the  type  of  
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Table 3. Summary of the uphole seismic parameters within the study area. 
 

Uphole No. 
Elevation 

(m) 
Easting Northing 

 Weathered layer  Sub-weathered layer  Consolidated layer 

 Thickness (m) Vp (ms-1) Vs (ms-1) Vp/ Vs  Thickness (m) Vp (ms-1) Vs (ms-1) Vp/ Vs  Vp (ms-1) Vs (ms-1) Vp/ Vs 

01 3.3 299340.8 218591.1  5.0 625.0 537.5 1.16279  19.0 1285.0 1105.1 1.16279  2050.0 1763.0 1.16279 

02 3.0 299339.7 221787.2  3.8 571.0 491.1 1.16270  25.0 1572.0 1351.9 1.16281  1777.8 1528.9 1.16280 

03 3.2 299339.9 226588.2  5.0 666.7 573.4 1.16271  - - - -  2050.0 1763.0 1.16279 

04 3.9 298940.7 230188.2  4.0 340.0 292.4 1.16279  37.0 1454.5 1250.9 1.16276  2285.7 1965.7 1.16279 

05 3.5 299340 234588.3  3.8 400.0 344.0 1.16279  26.0 750.0 645.0 1.16279  1777.8 1528.9 1.16280 

06 3.0 299338.9 238187.4  3.8 571.0 491.1 1.16270  - - - -  1913.0 1645.2 1.16278 

07 3.4 295338.7 218587.6  3.8 600.0 516.0 1.16279  38.0 1555.6 1337.8 1.16280  1888.9 1624.5 1.16276 

08 3.3 295740.7 221787.9  4.0 444.4 382.2 1.16274  39.0 1166.7 1003.4 1.16275  1937.5 1666.3 1.16276 

09 3.2 295739.9 226587.5  4.0 600.0 516.0 1.16279  36.0 1647.0 1416.4 1.16281  2000.0 1720.0 1.16279 

10 3.6 294939.2 230187.8  4.0 500.0 430.0 1.16279  37.0 1500.0 1290.0 1.16279  1777.8 1528.9 1.16280 

11 3.6 295341.4 234589.3  3.8 571.0 491.6 1.16151  32.0 1500.0 1290.0 1.16279  1937.5 1666.3 1.16276 

12 3.1 295737.3 238187.4  5.0 666.7 573.4 1.16271  - - - -  2057.0 1769.0 1.16280 

Average value  4.2   1.16265  32.1   1.16279    1.16278 

 
 
 

 
 
Figure 6. Isopach of the weathered layer.   
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A B 

 
 

Figure 7. (a) Isovel (Vp) of the weathered layer. (b) Isovel (Vs) of the weathered layer. 
 
 
 

 
 

Figure 8. Isopach of the sub-weathered layer. 
 
 

 

lithologic material extending from the weathered into the 
consolidated layer. Table 4 shows the average  Poisson’s 

ratio, σ values of -0.9214, -0.9201 and -0.9202 for the 
weathered, sub-weathered and consolidated layers, 
respectively. Poisson’s ratio is similarly observed to be 
approximately equal with negative values in the different 
layers. Shear modulus ranges from 1.50 to 5.79 × 10

8
 

Nm
-2

 with an average of 4.01 × 10
8
 Nm

-2
 in the weathered 

layer; 7.30 to 35.0 × 10
8
 Nm

-2
 with an average of 26.0 × 

10
8
 Nm

-2
 in the sub-weathered layer; and 41.1 to 68.00 × 

10
8
 Nm

-2
 with an average of 49.98 × 10

8
 Nm

-2
 in the 

consolidated layer. Young’s modulus ranges from 0.24 to 
0.92 × 10

8
 Nm

-2
 with an average of 0.63 × 10

8
 Nm

-2
 in the 

weathered layer; 1.17 to 5.65 × 10
8
 Nm

-2
 with an average 

of 4.11 × 10
8
 Nm

-2
 in the sub-weathered layer; and 6.58 

to 10.9 × 10
8
 Nm

-2
 with an average of 7.98 × 10

8
 Nm

-2
 in 

the consolidated layer. Bulk modulus ranges from 0.11 to 
0.95 × 10

8
 Nm

-2
 with an average of 0.74 × 10

8
 Nm

-2
 in the 

weathered layer; 0.14 to 0.66 ×10
8
 Nm

-2
 with an average 

of 4.62 ×10
8
 Nm

-2
 in the sub-weathered layer; and 0.77 to 

1.28 × 10
8
 Nm

-2
 with an average of 0.94 × 10

8
 Nm

-2
 in the 

consolidated layer.  
 
 
Foundation properties 
 
The results in Table 4 further reveal that the ultimate 
bearing capacity, qf in the study area ranges from 487.7 
to 993.9 kNm

-2
 with an average of 804.9 kNm

-2
 in the 

weathered layer and from 1128.8 to 2732.8 kNm
-2

 with an  
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A B 

 
 

Figure 9. (a) Isovel (Vp) of the sub-weathered layer. (b) Isovel (Vs)of the sub-weathered layer. 

 
 
  

 
 
 

A B 

 
 

Figure 10. (a) Isovel (Vp) of the consolidated layer. (b) Isovel (Vs) of the consolidated layer. 

 

 
 
average of 2241.0 kNm

-2
 in the sub-weathered layer.  

The ultimate bearing capacity for  the  consolidated  layer 
ranges from 2989.9 to 4043.7 kNm

-2
 with an average of 

3349.8 kNm
-2

. The  allowable  bearing  pressure,  qa  that  
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Table 4. Clay thickness within the different layers. 
 

Well Easting Northing Clay Thickness (m) Layers Extended Into 

01 299340.8 218591.1 3.0 Weathered 

02 299339.7 221787.2 20.0 Sub-weathered 

03 299339.9 226588.2 30.0 Consolidated 

04 298940.7 230188.2 25.0 Sub-weathered 

05 299340 234588.3 15.0 Sub-weathered 

06 299338.9 238187.4 25.0 Consolidated 

07 295338.7 218587.6 25.0 Sub-weathered 

08 295740.7 221787.9 25.0 Sub-weathered 

09 295739.9 226587.5 40.0 Consolidated 

10 294939.2 230187.8 50.0 Consolidated 

11 295341.4 234589.3 20.0 Sub-weathered 

12 295737.3 238187.4 15.0 Consolidated 

Average 24.4 - 

 
 
 

 
 

Figure 11. Isopach of the clay unit. 

 
 
 
the soil can withstand ranges from 121.9 to 248.5 kNm

-2
 

with an average of 201.2 kNm
-2

 in the weathered layer 
and from 282.2 to 683.2 kNm

-2
 with an average of 560.2 

kNm
-2

 in the sub-weathered layer. The bearing pressure 
in the consolidated  layer  ranges  from  747.5  to  1010.9 

kNm
-2

 with an average of 837.4 kNm
-2

.  
The ultimate bearing capacity and the allowable bearing 

pressure are observed to have higher values which 
increase with increasing depth in the sub-weathered and 
consolidated layers within the study area.  
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Table 5. Summary of the geotechnical parameters of the different soil layers in the study area. 
 

Soil/Rock property 
Upholes Average 

values UPH 01 UPH 02 UPH 03 UPH 04 UPH 05 UPH 06 UPH 07 UPH 08 UPH 09 UPH 10 UPH 11 UPH 12 

Weathered layer              

Poisson’s Ratio, σ -0.92012 -0.92101 -0.92085 -0.92012 -0.92012 -0.92101 -0.92012 -0.92058 -0.92012 -0.92012 -0.9322 -0.92085 -0.9214 

μ(x108) Nm-2 5.08 4.24 5.79 1.50 2.08 4.24 4.69 2.57 4.69 3.25 4.25 5.79 4.01 

E(x108) Nm-2 0.81 0.67 0.92 0.24 0.33 0.67 0.75 0.41 0.75 0.52 0.58 0.92 0.63 

K(x108) Nm-2 0.95 0.79 0.11 0.28 0.39 0.79 0.88 0.48 0.88 0.61 0.67 0.11 0.74 

λ(x108) Nm-2 -3.29 -2.75 -3.75 -0.98 -1.35 -2.75 -3.04 -1.67 -3.04 -2.11 -2.77 -3.75 -2.60 

γ (kNm-3) 17.25 17.14 17.33 16.68 16.80 17.14 17.20 16.89 17.20 17.00 17.14 17.33 17.09 

ks(x108) Nm-2s-1 0.3709 0.3367 0.3976 0.1951 0.2312 0.3367 0.3550 0.2582 0.3550 0.2924 0.3371 0.3976 0.3220 

qf (kNm-2) 927.2 841.8 993.9 487.7 577.9 841.8 887.5 645.5 887.5 731.0 842.7 993.9 804.9 

qa (kNm-2) 231.8 210.5 248.5 121.9 144.5 210.5 221.9 161.4 221.9 182.8 210.7 248.5 201.2 

              

Sub-weathered layer              

Poisson’s Ratio, σ -0.9201 -0.9200 - -0.9204 -0.9201 - -0.9200 -0.9205 -0.9200 -0.9201 -0.9201 - -0.9201 

μ(x108) Nm-2 21.0 32.0 - 28.0 7.3 - 31.0 18.0 35.0 29.0 29.0 - 26.0 

E(x108) Nm-2 3.43 5.15 - 4.39 1.17 - 5.04 2.82 5.65 4.68 4.68  4.11 

K(x108) Nm-2 0.40 0.60 - 0.52 0.14 - 0.59 0.33 0.66 0.55 0.55 - 0.48 

λ(x108) Nm-2 -13.90 -20.80 - -17.80 -4.74 - -20.4O -11.50 -22.90 -19.00 -19.00 - -16.70 

γ (kNm-3)  18.57 19.14 - 18.91 17.50 - 19.11 18.33 19.29 19.00 19.00 - 18.76 

ks(x108) Nm-2s-1 0.8209 1.0352 - 0.9461 0.4515 - 1.0227 0.7358 1.0931 0.9804 0.9804 - 0.8962 

qf (kNm-2) 2052.2 2588.1 - 2365.3 1128.8 - 2556.7 1839.6 2732.8 2451.0 2451.0 - 2241.0 

qa (kNm-2) 513.1 647.0 - 591.3 282.2 - 639.2 459.9 683.2 612.8 612.8 - 560.2 

              

Consolidated layer              

Poisson’s Ratio, σ -0.92012 -0.92007 -0.92012 -0.92011 -0.92007 -0.92026 -0.92043 -0.92045 -0.92012 -0.92007 -0.92045 -0.92 -0.9202 

μ(x108) Nm-2 54.70 41.10 54.70 68.00 41.10 47.60 46.40 48.90 52.10 41.10 48.90 55.10 49.98 

E(x108) Nm-2 8.74 6.58 8.74 10.90 6.58 7.60 7.39 7.77 8.32 6.58 7.77 8.81 7.98 

K(x108) Nm-2 1.03 0.77 1.03 1.28 0.77 0.89 0.87 0.91 0.98 0.77 0.91 1.03 0.94 

λ(x108) Nm-2 -35.40 -26.70 -35.40 -44.10 -26.70 -30.90 -30.10 -31.70 -33.70 -26.70 -31.70 -35.70 -32.40 

γ (kNm-3) 20.10 19.56 20.10 20.57 19.56 19.83 19.78 19.88 20.00 19.56 19.86 20.14 19.91 

ks(x108) Nm-2s-1 1.4175 1.1959 1.4175 1.6175 1.1959 1.3047 1.2852 1.3247 1.3760 1.1959 1.3247 1.4233 1.3399 

qf (kNm-2) 3543.6 2989.9 3543.6 4043.7 2989.9 3261.8 3212.9 3311.8 3440.0 2989.9 3311.7 3558.2 3349.8 

qa (kNm-2) 885.9 747.5 885.9 1010.9 747.5 815.4 803.2 827.9 860.0 747.5 827.9 889.5 837.4 
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These values are within the civil engineering standards 
for geotechnical constructions. 
 
 
Conclusion  
 
The near-surface in the study area is made up of 
weathered layers with seismic properties such as 
thickness and velocities varying laterally and vertically. 
Vp/Vs values are approximately uniform in the weathered, 
sub-weathered and consolidated layers to depth greater 
than 30 m in the study area and this indicates that the 
layers are made up of uniform lithologic material. Core 
samples obtained to this depth indicates that the 
lithologic material in this zone is predominantly clay units 
with varying degrees of water saturation and admixture of 
lithofacies. The elastic parameters are all uniform with 
depth through the different layers. The negative values of 
Poisson’s ratio observed in the different soil layers 
indicate high fluid-saturations in the layers. This fluid-
saturated soil layers imply the presence of rippable 
swelling clay minerals which do not constitute good 
foundation materials. They are referred to as expansive 
soils which when wet, swells and expands but when dry 
shrinks and leads to cracks and failures in foundations of 
buildings, roads, bridges, dams and other geotechnical 
constructions (Jones and Jefferson, 2012). 

The Shear modulus, Young’s modulus and Bulk 
modulus obtained fall within the standard civil 
engineering limits. But they all lie within the anomalously 
thick clay unit which is not suitable for foundations due to 
its expansive nature. The ultimate bearing capacity and 
allowable bearing pressure show the increasing ability of 
the layers to withstand more pressure and bear more 
load with increasing depth in the study area. 
 
  
RECOMMENDATION 
 
The area is not recommended for setting up structures 
that are expected to stand the test of time because the 
foundations of these structures may experience cracks 
and faults with time due to the expansive nature of the 
soil. However, for the construction of high-rise 
buildings/skyscrapers in the study area, a topsoil depth of 
about 30 m should be reinforced by piling in order to 
avoid the adverse effects of the large deposit of clay on 
geotechnical constructions.  

Other geological and geotechnical techniques should 
also be employed preceding any construction works in 
the study area to properly delineate depths to the 
bedrocks and determine soil properties that are suitable 
for siting good foundations. These recommendations are 
essential to prevent collapse of buildings resulting from 
cracks and faults in the foundations within this study 
area. 
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