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ABSTRACT: Accurate determination of allowable bearing capacity of soil is key to geotechnical foundations 

design so as to prevent collapse of structures built on them. Allowable bearing capacity of the study location has been 

determined by shear wave velocity approach. The seismic data used in this study are the in-situ shear and 

compressional wave velocities values measured by a 12-channel signal enhancement seismograph. Three layers were 

detected by the method. Empirical formulations and mathematical relationship between seismic velocities and elastic 

parameters were used to evaluate the allowable bearing capacity and other parameters presented in Table 1.  Results 

show that allowable bearing capacity for layer 1 ranges from 123.56 to 173.54kN/m2. Layer 2 ranges from 233.24 to 

377.62kN/m2, while layer 3 ranges from 437.62 – 616kN/m2. It was observed that allowable bearing capacity increases 

with depth – a 13% difference between layers 1 and 2 while between layer 2 and 3 there is a 22% difference. By 

comparison, the allowable bearing capacities evaluated in this study are in agreement with empirical values of 

allowable bearing capacity of soils proposed by other scholars. Findings show the study location is suitable for 

geotechnical foundation designs. 
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It is a common knowledge that foundation is the part 

of a structure that transmits the load of the structure to 

the underlying soil and rock. All structures constructed 

on land are supported on foundation. However, not 

every soil is suitable for geotechnical foundations 

design. Consequently, proper site investigation of soil 

must be carried out to prevent imminent loses and 

dangers associated with shear failure. According to 

Donal (2001), many methods abound for estimating 

time of occurrence of shear failure. The elastic theory 

is often used for evaluation of elastic or instantaneous 

settlement, though it gives approximate value, but the 

knowledge of shear wave velocity is most commonly 

used to measure the parameters of soil characterization 

(Keceli, 2012).  

 

Accurate in-situ P-wave and S-wave velocity profiles 

are essential in geotechnical foundation designs. These 

parameters are used in both analysis of soil behavior 

under both static and dynamics loads where the elastic 

constants are input variables into the models defining 

the different state of deformations such as elastic, 

elasto-plastics and failure (Finn, 1984). Shear wave 

velocity approach is relatively easy to use and 

dependable because there is absolutely no need to 

consider the foundation size and depth since the 

influence of these parameters are inherently 

incorporated in the insitu measured shear wave 

velocity values; the bearing capacity of a single layer 

immediately under the foundation is directly 

determined as a one-step operation (Tezean et al, 

2009). Furthermore, the in-situ measured shear wave 

velocity as a single index represents the real soil 

conditions much more effective and reliable than the 

laboratory tested shear strength parameters. It reflects 

the true photograph of the soil, containing the 

contribution of the void ratio, soil density, confining 

tresses, stress history, shear and compressive strength 

and geology age (Tezean et al, 2009). What is needed 

in construction of geotechnical foundation is low 

compressibility and compliance and high bearing 

capacity (Atat et al, 2013). In the light of above, this 

study is focused on evaluation of allowable bearing 

capacity, unit weight, elastic modulus, bulk modulus, 

and coefficient of subgrade reaction of Ayila, South-

West Nigeria using P-wave and S-wave velocities 

approach to ascertain its suitability for geotechnical 

foundations design. Bearing capacity is the power of 

foundation to hold the forces from the engineering 

structure without undergoing shear failure or 

excessive settlement. It is the critical load per unit area 

at either the ground surface or at a certain depth below 

the ground surface, while allowable bearing capacity 

is the ratio of the ultimate resistance of the earth 

structure to the safety factor (Keceli, 2012). 
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MATERIALS AND METHODS 
Location of the Study Area: Figure 1 shows the study 

location. The study area is enclosed within the 

latitudes 6.54o – 6.580 N and longitudes 4.530 – 4.570E. 

It is located within the sedimentary formation area of 

Ogun Water Side local Government of Ogun State, 

South-West Nigeria.  

 

 
Fig 1. The study location 

Seismic refraction study was carried out at Ayila with 

a view to ascertaining lithology composition of its 

overburden layers using P-wave and S-wave 

velocities. A 12-channel signal enhancement 

seismograph was used to record the traveltimes, and 

the propagation velocities of seismic waves through 

the layers were determined. Three layers were 

detected by the method, and the value of seismic wave 

velocities determined is adopted for the determination 

of geotechnical parameters in this study. In addition, 

empirical formulations proposed by various authors 

and mathematical relationship between seismic 

velocities and elastic parameters (Equation 1 to 13) are 

used to evaluate the allowable bearing capacity and 

other parameters presented in Table 1. 

 

Theoretical Background: In computations of bearing 

capacity for soil, the weight of the ground above the 

base level of the foundation is replaced by an 

equivalent load (Keceli, 2012). It was opined by 

Terzaghi and Peck (1967) that this substitution 

s.implifies the computations very considerably, the 

small error involved is unimportant and on the safe 

side. The equivalent load or the overburden pressure 

at foundation level is given as:  

ff dq γ=                 (1) 

Where γ is the unit weight of the ground, fd  is the 

depth to foundation bottom from surface. The 

relationship between Shear Modulus )(µ  and shear 

wave velocity (Vs) is expressed as: 

g

V s
2

γ
µ =             (2) 

Where g is the acceleration due to free fall, γ
 
is the 

unit weight of the soil, ρ  is density and sV  is shear 

wave velocity. The reciprocal of shear modulus is 

equal to compressibility and can be determined from it 

(Scott et al, 1968). The Unit Weight )(γ is related to P-

wave velocity as: 

po V002.0+= γγ          (3) 

Where pV  is compressional wave velocity. 

Tezean et al (2009) determined the value of  oγ  (as 

the reference unit weight) in kN/m3 to be 16 for loose, 

sandy and clayey soil and 17 for dense sand and 

gravel. Terzaghi and Peck (1967) and Bowles (1982) 

established  the expressions for Subgrade Coefficient

)( sk , the  ultimate bearing capacity fq,  (the 

maximum pressure that a foundation soil can 

withstand without undergoing shear failure.) and 

allowable bearing pressure aq,  (the maximum 

pressure the foundation soil is subjected to considering 

both shear failure and settlement.) as: 

                   SS Vk γ4=               (4) 

                   
40

S
f

k
q =       (5)

 

                    
n

f
q

aq =                (6)
 

Where n is the factor of safety 0.4( =n  for soil). 

 

Net ultimate Bearing Capacity )( nq  is the maximum 

extra pressure (in addition to initial overburden 

pressure) that a foundation soil can withstand without 

undergoing shear failure. 

dqq fn γ==            (7) 

Where d is the depth to foundation bottom from 

ground level. 
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Safe Bearing Capacity )( sq  is the safe extra load the 

foundation soil is subjected to in addition to initial 

overburden pressure and can be expressed as: 

d
n

q
q n

s γ+=            (8) 

In terms of shear wave velocity )( SV , the allowable 

bearing capacity )( aq  under shallow foundation in 

unit of kPa may be obtained from the following 

empirical expression (Tezean et al, 2009): 

 

       (9) 

 

Modulus of elasticity/Young’s modulus )(E : Modulus 

of elasticity is the ratio of tensile stress to tensile strain. 

Its reciprocal is equal to compliance (Scott et al, 

1968). Modulus of elasticity can be expressed as: 

 
)1(2 σµ +=E                      (10) 

 

Oedometric modulus )( cE  can be expressed as: 

)21)(1(

)1(

σσ

σ

−+

−
=

E
Ec ………… (11) 

Where σ  is the Poisson’s ratio which can be 

expressed as: 

 

             (12) 

 

Where  

2











=

s

p

V

V
α               (13) 

 

 

Table 1. Seismic and elastic parameters of the study location 

 
 SL = Sampling locations: LY = Layer; A = Lat. (60 33’ 44’’N); B = Long (40 32’34’’E); C = Lat(60 32’85’’N); D = 

Long(4031’23’’E); E = Lat(6033’52’’N); F = Long(4032’47’’E); G = Lat(6032’78’’N); H = Long(4032’79’’E); I = Lat(6032’12’’N); J = 

Long(4033’07’’E); Z1= pV (m/s); Z2= sV (m/s); Z3= γ  ; Z4= cE x107 (kN/m2); Z5= µ x106 (kN/m2); Z6= α ; Z7=σ  ; Z8= K

x107(kN/m2); Z9= aq x102(kN/m2); Z10= fq x102 (kN/m2); Z11= sk x104(kN/m2); Z12= E x106(kN/m2) 

 

RESULTS AND DISCUSSION 
Table 1 shows Seismic and elastic parameters of the 

study location. The seismic data are the in-situ values 

measured on the field using a 12-channel seismic 

enhancement seismograph, while the elastic 

parameters are calculated using Equations 1 to 14 (i.e. 

empirical relations between seismic data and 

geotechnical parameters). The plots of allowable 

bearing capacity against shear wave velocity for the 

three layers are shown in Figure 2. Similarly, Figure 3 

shows the plot of allowable bearing capacity against 

shear modulus for the three layers. The plots of 

allowable bearing capacity against shear modulus 

show linear relationship as shown in Equation 14 to 

16. 

Layer 1: 73106.3 4
+×=

−
µaq   (14) 

Layer 2: 150109.1 4
+×=

−
µaq  (15) 

Layer 3: 240104.1 4
+×=

−
µaq

        
(16) 

The gradient of a plot of allowable bearing capacity 

against shear modulus is equal to deformation constant 

(Atat et al, 2013). The magnitudes of deformation 

constants are; Layer 1: 4106.3 −
× ; Layer 2: 4109.1 −

×

and Layer 3: 4104.1 −
×  respectively. Comparing the 

magnitude of deformation constants with their 

respective layer’s allowable bearing capacity, layer 3 

being the layer with the lowest deformation constant 

has the greatest allowable bearing capacity when 

compared to layers 1 and 2. Since allowable bearing 

capacity increases with depth (Atat et al, 2013), it is 

sa Vq 024.0=










−

−
=

)1(2

2

α

α
σ
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therefore expected that the value of elastic 

deformation constant for layer 3 is higher.  

 
Fig 2. (a) - A plot of allowable bearing capacity against shear wave 

velocity for layer 1; (b) - A plot of allowable bearing capacity 

against shear wave velocity for layer 2; (c) - A plot of allowable 

bearing capacity against shear wave velocity layer 3. 

 

Consequently, the effect of intercept value on the 

allowable bearing capacity axis is significant. This 

effect will be considered in our subsequent study.      

 

The plot of allowable bearing capacity against shear 

wave velocity also show a linear relationship as shown 

in Equations 17 to 19. 

Layer 1: 2.144.0 −= sa vq   (17) 

Layer 2: 125.0 −= sa vq  (18) 

Layer 3: 7061.0 −= sa vq  (19) 

According to Atat et al (2013), the gradient of a plot 

of allowable bearing capacity against shear wave 

velocity is the impulse producing deformability of 

foundation layer per cubic meter, expressed in 3/ mNs  

 
Fig 3. (a) - A plot of allowable bearing capacity against shear 

modulus for layer 1; (b) - A plot of allowable bearing capacity 

against shear modulus for layer 2; (c) - A plot of allowable bearing 

capacity against shear modulus for layer 3. 

 

For layer 1, the gradient is 3/44.0 mNs , layer 2 is 
3/5.0 mNs and layer 3 is 3/61.0 mNs . It is observed 

that there are variations in the gradients for the three 

layers. The differences between layers 1 and 2 and 

layer 2 and 3 respectively are 13% and 22%. These 

variations show that allowable bearing capacity of the 

study area increase with depth. Layer 1 has allowable 

bearing capacity ranging between 123.56 – 

173.54kN/m2 with average value of 148.65kN/m2. 

Layer 2 has allowable bearing capacity ranging 

between 233.24 – 377.62kN/m2 with average value of 

319.46kN/m2 and layer 3 allowable bearing capacity 

ranging from 437.62 – 616kN/m2 with an average 

value of 539.51kN/m2. 
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According to [9], the range of allowable bearing 

capacity for soil type: Medium stiff clay with shear 

wave velocities (200 - 350) m/s is (75 - 150) kN/m2: 

Very stiff clay boulders with shear wave velocities 

(450 - 800) m/s is (200 - 350) kN/m2: Very hard clays 

with shear wave velocity (800-1200) m/s is (350 - 500) 

kN/m2. Comparing these with our results the three 

layers are suitable for engineering constructions. The 

results also show conformity with the presumptive 

allowable bearing capacity put forward by Brown 

(1992) and (Keceli, 2012). 

 

Conclusion: Allowable bearing capacity as well as 

elastic parameters of Ayila has been determined using 

in-situ seismic data measured by 12-channel seismic 

enhancement seismograph and related empirical 

formulations. Comparing the range of values of 

allowable bearing capacities in literatures with the 

computed values for the three layers, it is evident that 

layers 1, 2 and 3 are all suitable for shallow 

geotechnical foundation designs. However, since 

bearing capacity increases with depth, and top soil 

(layer 1) is open to erosion and degradation, layers 2 

and 3 are therefore more suitable for geotechnical 

foundation designs. 
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