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Seismic refractive survey is a very important geophysical technique used to investigate the characteristics of 
the subsurface. The rate of building collapse has demanded the acquaintance about the structure of the 
subsurface especially in area where lands are recovered from water bodies for the aim of building. This paper 
presents the technique used in determining the thickness of the overburden for quarry prospecting using a 
geophysical method called as seismic refraction method. Seismic refraction method was used to delineated 
two distinct layers with the first layer having a weak and incompetent parameter values. The result revealed 
that the first layer is composed of unconsolidated formation of soft geomaterials and peaty clay that depict 
the lower values of parameters. This layer is underlain directly by clay, wet sand and sandy clay of soft and 
weak incompetent consistencies to a depth of 7 m in the subsurface. The second layer was found to have 
higher parameters than the first layer. The second layer revealed that the geologic formation composed of 
dry sand and sandy clay of fair to good competent. The geologic formation in the second layer was found to 
be more competent than the first layer with high allowable capacity and low ultimate failure potential. 
Geologically, the composition of the first layer is more recent in age of deposition than the second layer, 
characterized by unconsolidated geologic formation. 
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1. INTRODUCTION 

Seismic surveys are commonly used around the world for creating a clear 

picture of the geology below the surface of the earth. The method of 

seismic refraction is one of the seismic techniques that is commonly used 

to evaluate soil and rock characteristics (Adegbola et al., 2013; Ayolabi et 

al., 2009). The application of seismic refraction is to evaluate rock 

competence for engineering applications, depth to bedrock, groundwater 

exploration, crustal structure and tectonics (Kilner et al., 2005; Ochuko, 

2013; Varughese et al., 2011; Chiemeke and Aboh, 2012). The seismic 

refraction method is based on calculating the travel time of seismic waves 

refracted at the interfaces between different velocity layers of the 

subsurface (Ayolabi et al., 2009). Using explosives, hammer blast, dropped 

weight or an elastic wave generator (Igboekwe and Ohaegbuchu, 2011), 

the seismic signal is fed into the subsurface through a shot point. The 

generated energy either travels directly through the upper layer (direct 

arrivals), or travels down the different layers before returning to the 

surface (refracted arrivals). The energy is then measured at regular 

intervals on the surface at a series of receivers called geophones 

(Anomohanran, 2012). At a certain distance from the point of shooting, 

known as the cross over stage, the refracted signal is detected at the 

geophones (arriving before the direct arrival) as a first-arrival signal. All 

compressional waves (P-waves) providing interface depth information 

and Shear waves (S-waves) providing additional details on the 

engineering properties of the waves the seismic refraction method can use 

subsurface media (Ahmed et al., 2012). 

The seismic approach relies on the propensity to increase with depth of 

acoustic velocities, which often renders it insensitive to low velocity layers 

in the subsurface. Based on the field data study, the seismic surveyor 

draws a profile showing the subsurface thickness and a clear 

understanding of what materials they consist of (Ayolabi et al., 2009; 

Varughese et al., 2011; Igboekwe and Ohaegbuchu, 2011; Ahmed et al., 

2012; Okiongbo et al., 2011). Seismic refractive survey uses the critical 

refraction method to infer interface depths and velocities of layers. Usually 

the data are plotted as time-distance curves and then presented to 

different interfaces as cross-sectional plots representing P-wave path, 

velocities, and depths. 

Structural failure in Nigeria has become main anxiety of people as it affects 

the life and properties. It therefore, poses a serious challenge to 

subsurface-geophysicists, engineers, building consultants, governments, 

landlords and other land users. Typical example of collapsed building is 

the Reigners Bible Church Uyo, Akwa Ibom State that claim much lives and 

properties worth billions of naira as shown in Figures 1 and 2. This 

collapse has been accredited to a numerous factor such as insufficient 

information about the soil subsurface, elastic, bearing capacity, poor 
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engineering and foundation design of the materials” (Fatoba et al., 2010; 

George et al., 2010; Zhang and Toksoz, 1998). In order to avert forfeiture 

of cost in the cases of structural failure, it is important to understand the 

subsurface characteristics and the geologic condition of the soil before 

there are recommended for construction purposes (Coker et al., 2013; 

Oyedele et al., 2011; Aka and Umoh, 2013). Foundation is the supportive 

base of the structure which forms the boundary diagonally which the loads 

are conveyed to the fundamental rock. Thus, if the structural loads are 

conveyed to the near surface earth a near superficial foundation is formed 

which includes; mat foundation and spread footing (George et al., 2010). 

However, in order to assess the subsurface, seismic refraction method was 

used in this study to evaluate the susceptibility of the near surface and 

correlate the result with lithology of the area in order to evaluate the depth 

to the most capable layer in the area of study (Aka and Umoh, 2013).  

The seismic refraction technique is highly useful in many applications such 
as engineering, environmental, groundwater, hydrocarbon and mineral 
exploration to describe the subsurface structure and geological condition 
(Usman et al., 2018; Ugwu, 2009; Dutta, 1984). This technique splits the 
subsurface structure into diverse layers and it gives evidence on the 
engineering parameters of each layer and their thicknesses (Aka et al., 
2018). Seismic refraction method functions on the principle that the 
swiftness of proliferation of seismic energy fluctuates with the medium of 
propagation. Seismic refraction introduces primary (P) and secondary (S) 
waves, these waves generated by the energy sources and perceived by 
collections of geophone and seismograph plotter in the layered outlines 
for near surface profile data. Measured velocities (P and S waves) are 
evaluted along with elastic, bearing capacity and engineering properties 
(Grant and West, 1965; Kumar, 2003; Ulugergerli and Uyanik, 2007). The 
rate of building collapse has demanded the acquaintance about the 
structure of the subsurface especially in area where lands are recovered 
from water bodies for the aim of building. These sites are known to 
comprise geologic formations which are mechanically unbalanced for 
locating an engineering structure (Egwonwu and Sole, 2012; Agoha et al., 
2015). Building catastrophe ranges from settlement, upthrust and total 
collapse as shown in Figures 1 and 2 respectively. 

Figure 1: The collapse Reigners Bible Church structures 

Figure 2: Middle view of the collapsed Reigners Bible Church 

2. GEOLOGY OF THE STUDY AREA

Uyo is found in South-South region of Nigeria and is the capital of Akwa 
Ibom State. It is located within Latitudes 40571N to 50301N and Longitudes 
70561E to 70601E with an elevation of 196 m above the sea level. It is 
bordered on the south by Nsit Atai, Nsit Ibom and Etinan Local 
Government Area, on the west by Abak Local Government Area, on the 
North by Ikono and Itu Local Government Areas of Akwa Ibom State with 
a total area of 255.9 km2 as shown in Figure 3. It is underlain by 
sedimentary formation of late tertiary and Holocene ages within the 
equatorial rain forest belt, which is a tropical zone and home to vegetation 

of green foliage of trees, shrubs and oil palm trees.  It is a tourism 
attraction center which includes: Ibom plaza park, Le meridian hotel and 
Golf resort. Also, home of the Ibom E-Library, a world-class information 
and research Centre. The Uyo Local government Area has three distinct 
vegetation zones and two seasons: salty water wetland forest, fresh water 
wetland forest and rain forest; rainy and dry seasons. 
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Figure 3: Map of uyo local government area showing the study area and 

its environment 

3. THEORY 

When seismic refraction source is shot the seismic signal is generated, a 

series of geophone laid receive the indication in a straight line along the 

surface, recorded on the seismograph and displaced on the screen. The 

refracted arrival times (t) of P and S waves are measured as a function of 

the distance (x) from the seismic source point, the seismic velocity (𝑉𝑝) of 

the Primary wave and (𝑉𝑠)  of the Secondary wave of the underlying soil or 

rock are calculated as the reciprocal of the slope by plotting the first arrival 

time at each geophone against the distance from the seismic source (Aka 

and Umoh, 2013; Usman et al., 2018).  The reciprocal of the gradient of  

gives the velocity of the first layer while the slope of  gives the velocity 

of the second layer (Akpan and Okwueze, 2006; Atat et al., 2012). Elastic 

properties; Young modulus, shear   modulus, Lames constants and  

Poisson’s   ratio, could be used to obtain soil properties. Bearing capacity: 

allowable and eventual bearing capacity and engineering properties: 

material index, concentration index, density gradient and stress ratio 

(Zhang and Toksoz, 1998; Usman et al., 2018; Dutta, 1984).  

3.1 Shear Modulus 

 Shear Modulus (µ) is calculated using equ. 1 
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3.2 Young modulus   

Young modulus (E) is calculated using equ. 2 
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Ρ is the density of the sample layers. 

3.3 Poisson ratio 

Poisson ratio (σ) is calculated using equ. 3 
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3.4 Lame’s constant 

Lame’s constant (λ) is calculated using equ. 4  
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3.5 Ultimate bearing capacity  

Ultimate bearing capacity (qf ) is calculated using equ. 5 
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γ =  𝛾0 + 0.002𝑉𝑝                   (6) 

γ is the unit weight of the soil, 𝛾0 = 16 KN/m3 which is the average unit 

weight of loose soil.  

3.7 Allowable bearing capacity 

Allowable bearing capacity (qa) calculates the bearing heaviness that will 

cause acceptance reimbursement of the structure against unpredictability 

due to shear failures as expressed in equ. 7  

n

q
q

f

a =
  (7) 

Where n = 4.0 for soil, which is the factor of safety.  

3.8 Material Index 

Material Index ( ) measures the material property or a combination of 

material properties between a constraint and function of the material 

properties that primes to a specific performance index of material 

properties. It is expressed as shown in equ. 8 

  (8) 

3.9 Stress Ratio  

Stress Ratio (S1) measures ultimate strength of the engineering material 

to the allowable stress. It also chronicles the quantity of deformation at 

discrete intermissions of tensile or compressive loading. It is expressed as 

shown in equ. 9 

 (9) 

3.10 Concentration Index 

Concentration Index (C1) measures the concentration of the load and soil 

strength which describe the magnitude of the shear stress that a soil can 

sustain as a result of friction and interlocking of the soil. It is expressed as 

shown in equ. 10  

  (10)  

3.11 Density Gradient  

Density Gradient (D1) measures the spatial variation in the density of 

engineering material which varies with temperature and pressure. It is 

expressed as shown in equ. 11 
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4. METHODOLOGY

Profiling of seismic refraction were surveyed to obtain adequate data for 

this study. Each profile length stretches 5 to 60 m, inter-geophone spacing 

of 5 m was used and the shot-to-first geophone spacing was also 5 m as 

shown in Figures 4 and 5. A total number of 12 P-waves and 12 S-waves 

geophones were used for forward and reverse shooting on every 60 m 

profiles length. Two (2) shots were recorded at each location with 2 stacks 

per shot location to obtain P wave, while four (4) were recorded at each 

location with 2 stacks per shot location to obtain S wave.  

A B C D E

A1 B1 C1 D1 E1

Figure 4: Five seismic refraction survey layouts 

1 2 3 4 12

5m 5m 5m5m

60m

Shot
point

Figure 5: Geophones field setup 

For data acquisition the following was used, 12 channels ES  30000s 

Seismogram; 12 kg sledgehammer; metal plate 4 by 6cm; electrical cables 

and 48Hz frequency geophones. The density values for the two layers were 

obtained in the laboratory of collected samples from outcrops. From this 

seismic refraction method, the refracted arrival times of the recorded 

signal were picked using Seis Imager software packages of Pickwin and IX-

Refrax and plotted as T-X graph showing two velocity layers (  and V2). 

The reciprocal of the slope of  gives the velocity of the first layer while 

the slope of  gives the velocity of the second layer. This value of the two 

velocities was used to determine other related parameters and state of 

stress of the soil for the two layers using theories of Eqns. 1 to 11 and 

Figures. 6 and 7 respectively. 

Figure 6: A plot of  x  µ x  (N/   for layer 1 

Figure 7: A plot of  x µ x  (N/   for layer 2 

5. RESULT AND DISCUSSION

Refracted travel times of all recorded traces were investigated using seis 
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Imager packages of Pickwin and IXrefract software. The seismic 

tomography section discovers two geologic layers in the study area. That 

is, layers 1 and 2.  The P-wave velocity, first layer (500.4 to 901.2 m/s); 

second layer (720 and 1010.3m/s). The S-wave velocity, first layer (400.0 

and 720.5 m/s); second layer (510.0 and 901.2 m/s). Other parameters 

were determined as shown in “Table 1”. In layer 1:  Poisson ratio ranged 

from 1.49 to 1.99, Young’s modulus ranged from between -425.1 to -

2021.1 KN/m2, Lames constant ranged from 245.8 to 313.8 KN/m2, Shear 

modulus ranged from -613.1  to -2518.7KN/m2, Ultimate capacity ranged 

from 680.0 to 1282.7 N/m2, Allowable capacity ranged from 170.0  to 

320.7 N/m2, Material index ranged from 0.97 to 2.97, Concentration index 

-1.03 to 132.8, Density gradient ranged from -3.98 to -4.99 and Stress ratio 

ranged from 0.007 to -0.16. In layer 2: Poisson ratio ranged from 1.36 to 

2.94, Young’s modulus ranged from between 240.5 to 1597.7 KN/m2, 

Lames constant ranged from -108.5 to 965.8 KN/m2, Shear modulus 

ranged from 432.9 to 3153.1 KN/m2, Ultimate capacity ranged from 102 

to 180.24 N/m2, Allowable capacity ranged from 255.0  to 450.6 N/m2, 

Material index ranged from 0.43 to 6.97, Concentration index 0.09 to 7.99, 

Density gradient ranged from -3.71 to -6.89 and Stress ratio ranged from -

1.51 to -3.80 as shown in “Table 2” respectively. Depths and thickness (0.0 

– 5.0 m; 5.0 m) for the topsoil while the second layer (5.5 – 13.0 m; 7.5 m). 

Geotechnically, the geologic strata with complex values of constraints are 

considered for engineering construction purposes as observed in the 

second layer. The result revealed that the first layer is composed of 

unconsolidated formation of soft geomaterials and peaty clay that depict 

the lower values of parameters. This layer is underlain directly by clay, wet 

sand and sandy clay of soft and weak incompetent consistencies to a depth 

of 7 m in the subsurface. The second layer was found to have higher 

parameters than the first layer. The second layer revealed that the geologic 

formation composed of dry sand and sandy clay of fair to good competent. 

The geologic formation in the second layer was found to be more 

competent than the first layer with high allowable capacity and low 

ultimate failure potential. Geologically, the composition of the first layer is 

more recent in age of deposition than the second layer, characterized by 

unconsolidated geologic formation. The weak and incompetent geologic 

formation observed in the first layer shows that, there was no direct 

pressure of the geologic formation on top of the first layer that festinate 

the consolidation of the soil deposit. However, the second layer was found 

to be composed of fair to good consolidated geological formation than the 

first layer, based on the age of deposition which compressed by the 

presence of other recent deposit lying on it. The pressure exerted on the 

second layer by other geological formation lying on it helped to improve 

its engineering stability. Moreover, the depth to the most competent 

geologic formation was found in the second layer to be ranged from 5.5 to 

13.0 m with the thickness of 7.5 m corresponding to consolidated layer in 

the subsurface. The velocity of S waves is inversely proportional to travel 

times because of formation, fluid typing, modulus and rock density. The 

allowable bearing capacity was plotted with shear modulus which shows 

a direct relationship amongst the parameters as shown in Figures 6 and 7. 

The slope of the plots in Figure 7 shows dimensionless constants which 

give the coefficients of elastic deformation of the near surface cause by 

load imposed on the near surface. 

Figures 8 to 13 show the model dispersal of elastic parameters, allowable 

and engineering parameters for the two layers. The 2-D model in Figures 

8 and 9 shows a continuous increment in the shear modulus in the east – 

west trend in layer 1 and north – west in layer 2 and decrease in the east 

trend.  Figures 10 to 13 show an increase of allowable bearing capacity and 

material index in the east trend and decrease in the west trend in layers 1 

and 2. This inclination displays that low allowable and elastic parameters 

is allied with zone that area highly drained with water whereas high 

bearing and elastic parameters are unsaturated with water. However, in 

3-D model as shown in Figure 14, the location of high values of allowable 

and material index in the layer 1 adapts to the location noticed in layer 2. 

These results prove uniform alliance trends from low to high value with 

depth in layer 1 and 2. This conformism reveals the exceptionality of the 

method used in inspecting the near surface structures. On the other hand, 

this study revealed that any study area having similar geology formation, 

the second layer portion of the subsurface should be considered for 

engineering construction that will provide safety and stand the test of 

time. 

Figure 8: 2-D contour map showing the distribution of λ (KN/m2) in 

layer 1 

Figure 9: 2-D contour map showing the distribution of λ (KN/m2) in 

layer 2 

Table 2: Summary of bearing and engineering parameters 

qa (N/m2) qf (N/m2) V1 C1 D1 

17.96 

25.5 

718.5 

10.20 

1.792 

0.428 

-4.051 

7.992 

-4.396 

-3.714 

21.05 

36.03 

842.0 

144.1 

2.973 

4.403 

-1.03 

0.092 

-4.986 

-6.202 

17.01 

29.53 

680.03 

118.21 

2.540 

3.109 

-1.598 

-0.896 

-4.770 

-5.055 

26.58 

41.25 

106.31 

165.00 

0.992 

3.257 

1.328 

-0.77 

-3.985 

-5.129 

32.07 

45.06 

128.27 

180.24 

2.543 

6.789 

-1.592 

0.309 

-4.772 

-6.894 

Table 1: Summary of measured and elastic parameters 

Locations Layers VP(m/s) VS(m/s) Σ E(KN/m2) λ (KN/m2) γ(KN/m3) µ(KN/m2) 

A 1 

2 

550.5 

790.2 

420.2 

510.0 

1.698 

1.357 

-670.8 

-249.8 

604.8 

402.8 

17.10 

17.58 

-904.9 

-294.4 

B 1 

2 

600.2 

825.5 

489.5 

720.6 

1.993 

2.601 

-503.9 

240.5 

337.9 

108.5 

17.20 

17.65 

-754.2 

433.0 

C 1 

2 

500.4 

720.0 

400.0 

590.5 

1.885 

2.027 

-425.1 

-857.6 

313.8 

559.0 

17.01 

17.44 

-61.3I 

-129.8 

D 1 

2 

852.5 

1000.2 

600.5 

825.0 

1.492 

2.064 

-202.1 

-15.25 

245.8 

965.8 

17.71 

18.01 

-251.8 

-233.8 

E 1 

2 

901.2 

1010.3 

720.5 

901.2 

1.886 

2.947 

-137.7 

159.8 

101.6 

612.6 

17.80 

18.02 

-137.7 

315.3 
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Figure 10: 2-D contour map showing the distribution of qa (N/m2) in 

layer 1 

Figure 11:  2-D contour map showing the distribution of qa (N/m2) in 

layer 2 

Figure 12:  2-D contour map showing the distribution of V1 in layer 1 

Figure 13:  2-D contour map showing the distribution of V1 in layer 2 

Figure 14: 3-D model showing the distribution of qa (N/m2) in layer 1 

6. CONCLUSIONS 

The method of seismic refraction near surface was used to assess the 

vulnerability of the collapse of buildings. Seismic refraction is a useful and 

reliable geophysical method for geophysical and engineering study of 

near-surface conditions. This could be seen in its ability to recognise frail 

and incompetent ultimate potential of bearing and frail layers of 

engineering that do not help sustainable engineering. It is worth 

concluding that the engineers and road builders will make use of the 

inferred near-surface elastic, bearing capability and engineering 

parameters to create buildings / road that will stand the test of time. In 

addition, weak and inept sub-surface elastic, bearing and engineering 

geomaterials, which are the main cause of building / road failure in the 

region, must be removed and replenished with good engineering 

geomaterials such as laterite for better optimized near-surface 

characterisation for engineering projects. Description of the strengths of 

elastic, bearing ability and engineering parameters show fine, strong, and 

compressed rock basement. This will support structural works that would 

withstand the burdens on the structural works, minimizing the 

destruction of life and property and fast track the area's rapid economic 

development. 
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