
International Journal of Geosciences, 2014, 5, 1540-1546 
Published Online November 2014 in SciRes. http://www.scirp.org/journal/ijg 
http://dx.doi.org/10.4236/ijg.2014.512125   

How to cite this paper: Essien, U.E., Akankpo, A.O. and Igboekwe, M.U. (2014) Poisson’s Ratio of Surface Soils and Shallow 
Sediments Determined from Seismic Compressional and Shear Wave Velocities. International Journal of Geosciences, 5, 
1540-1546. http://dx.doi.org/10.4236/ijg.2014.512125  

 
 

Poisson’s Ratio of Surface Soils and Shallow 
Sediments Determined from Seismic  
Compressional and Shear Wave Velocities 
U. E. Essien1, A. O. Akankpo2, M. U. Igboekwe3 
1Department of Science Technology, AkwaIbom State Polytechnic, Ikot Osurua, Nigeria 
2Department of Physics, University of Uyo, Uyo, Nigeria 
3Department of Physics, Michael Okpara University of Agriculture, Umudike, Nigeria 
Email: akankpo@yahoo.com  
 
Received 18 September 2014; revised 15 October 2014; accepted 12 November 2014 

 
Copyright © 2014 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
This paper presents the results of seismic compressional, P- and shear, S-wave measurements 
carried out on the unconsolidated top-soil at the different locations of the study area to determine 
Poisson’s ratio. In this work, seismic refraction data is used to determine Poisson’s ratio as an aid 
to engineering foundation. A 12-channel seismograph with signal stacking ability was used to-
gether with high frequency (100 Hz) geophones on the top-soil. The geophone intervals were set 
to 5 m at the all locations. In all the locations, Vp/Vs ratio ranged from 1.0289 to 1.4185 for the top 
layer. Vp/Vs ratio in the second layer ranged from 1.0512 to 1.5834. The Poisson’s ratio for the first 
layer ranged from −8.0324 to 0.2060. For the second layer, the Poisson’s ratio ranged from 
−0.7567 to 0.1683. The values of Vp/Vs ratio less than 2  in the first layer and in some locations 
in the second layer resulted in negative Poisson’s ratio. The low and negative values of Poisson’s 
ratio are symptomatic of occurrence of ripable anisotropic materials in the locations where they 
occur, which suggests that indicated average depth should be removed and refilled with geomate-
rials that may be resilient to carry engineering loads. 
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1. Introduction 
The elastic properties of soils measured at low strain, such as shear modulus, Young’s modulus, or Poisson’s ra-

http://www.scirp.org/journal/ijg
http://dx.doi.org/10.4236/ijg.2014.512125
http://dx.doi.org/10.4236/ijg.2014.512125
http://www.scirp.org/
mailto:akankpo@yahoo.com
http://creativecommons.org/licenses/by/4.0/


U. E. Essien et al. 
 

 
1541 

tio are essential parameters for dynamic response analysis and soil-structure interaction problems and can play 
an important role in the study of liquefaction potential under seismic loading [1]. These parameters are also use-
ful for the characterization of soils in terms of geotechnical and mechanical properties [2].  

Poisson’s ratio σ is a measure of the transverse strain or contraction to longitudinal strain or extension result-
ing from a change in normal stress under compression or dilatation [3]. A change in the wave propagation from 
one lithology to another or from an unsaturated to a saturated medium leads to variation in the value of σ from 0 
(indicating a considerable change in volume) to 0.5 (indicating no volumetric change, corresponding to fluids). 
Also, σ can have negative values, and these indicate certain properties. Poisson’s ratio σ has been effectively 
used in engineering, groundwater and hydrocarbon investigation. Poisson’s ratio or compressional wave velocity 
are good indicators of the depth of saturation in deposits. 

In a previous work, a σ range of 0.4982 - 0.4997 was obtained for clays [4]; σ range of up to 0.49 was ob-
tained for shallow, clayey, saturated sediments [5]. Also, a σ value of 0.1 was obtained for gas saturated sedi-
ments [6] [7]. The softer and smaller the grains (e.g. clay and silts), the higher the σ value, and vice versa (e.g. 
sands and gravels). The overburden and pore-pressure gradients are main factors controlling the fracture dimen-
sions that can be predicted from knowledge of σ and other parameters [8]. A σ range of 0.27 - 0.40 was obtained 
for shaly sandstone reservoirs saturated with multi phase fluids [9]; a σ range of 0.14 - 0.41 was represented for 
formations of different lithologies and saturants [10].  

The discrepancy in lithology from one layer to another (due to variations in porosity, size, shape, type and 
stiffness of the grains), the clay content, the air and water saturations, the anisotropy and the high degree of he-
terogeneity, both laterally and vertically, cause wide variation in σ (from −0.15 to 0.47). Also, σ increases with 
depth, with increasing water saturation and with decreasing porosity [3]. In this paper, seismic refraction data is 
used to determine Poisson’s ratio as an aid to engineering foundation. 

2. Location and Geology of the Study Area  
The study area, Eket lies between latitudes 4˚37' and 4˚7'N and longitudes 7˚38' and 8˚00'E. It has an estimated 
area of 214 km2 (Figure 1). The study area belongs to the low-lying coastal deltaic plains of southern Nigeria 
[11]. The terrain is virtually flat to gently undulating, sloping generally towards the Atlantic Ocean. Elevation 
varies from about 100 to 120 m at the northern part of the study area to near sea level at the southern part [12]. 
The surface drainage basin within the study area is mainly due to the Qua Iboe River which drains the western 
part [6].  

Geologically, the study area falls within the Niger Delta area. The geologic formation in the Niger Delta area 
is made up of the Akata Formation (shales, intercalated sands and sandstones), the Agbada Formation (sands and 
sandstones intercalated with shales) in the middle and the Benin Formation (Coarse grained, gravelly sands with 
minor intercalations with clay) at the top [13]. However, only the Benin Formation otherwise called the coastal 
plain sands is exposed in the study area where the investigation concentrates. The coastal plain sand covers 80 
percent of the area and forms the major aquiferous and foundation zones of the study area. The area is generally 
porous and permeable and this is usually interrupted by clay-sand sequence at different depths [14] [15]. 

3. Methodology 
The seismic study was based on recording the travel time of an elastic wave travelled through the ground, re-
fracted from a subsurface, and received via geophones on the surface. Seismic P- and S-waves were recorded 
using vertical and horizontal components geophones (100 Hz), laid along a line with 5 m spacing, and connected 
to a 12-channel digital recorder. The required energy for P-wave measurement was created by a sledge hammer 
hitting the wooden cone at the shot points. The S-wave was created by hitting the ends of a flat-lying wooden 
timber loaded by a person, the weight of which increases the friction and the contact area of the timber with the 
ground surface [16].  

The data obtained from the seismograph (seismogram) were processed using Pickwin software to obtain the 
arrival time for P-wave and S-wave. With the geophone separations of 5 m interval, T-X graph were plotted for 
the different locations using IX Refrax software and the inverse of the slope were obtained as velocity for each 
of the layer penetrated [17]. The Pick-win software helped in picking the arrival times while the IX Refrax di-
rectly converted the slope into Velocity for the different layers. The IX Refrax also gave the depth of each of the 
layers penetrated. 
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Figure 1. Location map of study area.                                                

 
The velocity variations obtained gave the geological implications of the geomaterials. The p sV V  ratio 

usually viewed as lithology discriminator was determined for each location. Poisson’s ratio (σ) were calculated 
for different locations using this expression [17] 
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4. Result and Discussion 
To actually map the elastic constants which depends on lithology, the p sV V  ratio usually viewed as lithology 
discriminator were determined for each location (Table 1). For compressional and shear waves, the velocity in-
creases with depth. The underlain velocities were all greater than the overlain velocities at all the locations (Idua, 
Afaha Eket, Ikot Ebiyon, Ikot Use Ekong, Ikot Udofa and Etebi).The ratio, which is a lithology discriminator, 
was determined for each of the locations and the values seem to reflect the porous and air-filled environment. 
Table 1 indicates a significant depth of layers with anisotropic materials. It also shows that the ratio of average 
Vp and Vs is about 1.5 in the second layers at Idua, Afaha Eket and Ikot Udofia.  

This result indicates that even up to the second layer the ground has an air-filled porous structure. The almost 
1.5 p sV V  ratio observed in the above locations point to the fact that the ratio of incompressibility is almost 
unity. The p sV V  ratio in the first layer is low in parts of the North and South. However, higher values are seen 
at the North West of the study area (Figure 2). In the second layer, higher values of the p sV V  ratio are ob-
tained in the Northeast and in the South-eastern region of the study area (Figure 3). 

The seismic velocity ratio (compressional and shear wave velocity ratio, p sV V ) is especially sensitive to the  
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Table 1. Summary of layer parameters and poisson’s ratio in the area.                            

Location/Name Lat Long Layer Vp Mean Vs Mean Vp/Vs σ 

Idua 4.676 7.9256 
L1 
L2 

357.5 
563.5 

303 
325 

1.1799 
1.5492 

−0.7749 
0.1429 

AfahaEket 4.6800 7.9145 
L1 
L2 

350 
650 

333.5 
410.5 

1.0495 
1.5834 

−4.4266 
0.1683 

IkotEbiyon 4.6667 7.9147 
L1 
L2 

369.5 
462 

338 
439.5 

1.0932 
1.0512 

−2.0630 
−4.2620 

Ikot Use Ekong 4.6636 7.9156 
L1 
L2 

383 
509 

270 
430.5 

1.4185 
1.1823 

0.0100 
−0.7567 

IkotUdofa 4.6206 7.9325 
L1 
L2 

373.5 
861 

363 
552.5 

1.0289 
1.5584 

−8.0324 
0.1500 

Etebi 4.6125 7.9419 
L1 
L2 

297 
541 

250 
389.5 

1.1880 
1.3890 

0.2060 
−0.0380 

 

 
Figure 2. 2-D contour map of layer one Vp/Vs ratio in the study.           

 
fluid in the pores existing in the sedimentary rocks. Particularly, the p sV V  ratio in the gas saturated environ-
ments is much lower than liquid saturated environments [6]. A study on the porous environment for the p sV V  
ratios was carried out and the result revealed p sV V  ratios of 1.9, 1.8 and 1.6 to 1.75 for limestone, dolomite 
and sandstones respectively [18]. 

Poisson’s ratios were calculated for the different locations and the values are shown in Table 1. Table 1 
shows negative Poisson’s ratios which resulted for p sV V  ratios less than 2 . The negative values of Pois-
son’s ratio are symptomatic of occurrence of ripable anisotropic materials in the locations where they occur [19]. 
Table 2 shows typical values of Poisson’s ratio [20] [21].  
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Table 2. Typical values of Poison’s ratio after Sharma et al. (1990) 
and Davidovici (1985).                                           

Typeof material Sharma et al. Davidovici 

Saturated clay 0.40 - 0.5 0.5 

Nonsaturated clay 0.10 - 0.3 - 

Medium clay - 0.40 - 0.45 

Sandy clay 0.20 - 0.30 0.35 - 0.4 

Silt 0.30 - 0.35 - 

Sand, gravelly sand 0.30 - 0.40 0.25 - 0.30 

Silty sand, clayey sand - 0.30 - 0.35 

Rock 0.10 - 0.40 - 

Concrete 0.15 - 

 

 
Figure 3. 2-D contour map of layer two Vp/Vs ratio in the study area.    

 
Poisson’s ratio for layer one has higher values at the Northern part while lower values are seen at the Southern 

region. The higher negative values of Poisson’s ratio in the South shows higher degree of anisotropy in this zone 
and this could be attributed to the complex muddy materials and flooding events in this region (Figure 4). For 
layer two the Poisson’s ratio distribution shows that the Eastern region has higher values than the Western zone 
(Figure 5). At the North Western zone, a higher degree of anisotropy is attributed to the negative Poisson’s ratio 
in the second layer. The value of σ increases with depth, which may be attributed to the fact that the soils and 
sediments are younger and more compressible near the surface, but become less compressible and more plastic 
with depth [3]. 

5. Conclusion 
Seismic velocity ratio (compressional and shear wave velocity ratio, p sV V ) and Poisson’s ratio were obtained 
from compressional and shear waves using the seismic refraction measurements for surface soils and shallow 
sediments. The almost 1.5 p sV V  ratio observed in the above locations point to the fact that the ratio of incom-
pressibility is almost unity. Negative Poisson’s ratios were obtained, resulting from p sV V  ratios less than 2 .  
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Figure 4. 2-D contour map of layer one Poisson’s ratio in the study area.    

 

 
Figure 5. 2-D contour map of layer two Poisson’s ratio in the study area.   

 
The values of p sV V  ratio less than 2  in the first layer and in some locations in the second layer make the 
Poisson’s ratio negative. The low and negative values of Poisson’s ratio are symptomatic of occurrence of ripa-
ble anisotropic materials in the locations where they occur. These suggest that the indicated average depth 
should be removed and refilled with geomaterials that may be resilient to bear/carry engineering loads. 
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