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_____________________________________________________________________________________________ 

 

Abstract 

Model development to predict the ultimate bearing capacity of the soil at Egbema Imo state has been developed, this 

was generated through an experimental analysis, the experiment was  carried out through soil samples that were 

collected and analyzed to determine the shear strength of the soil that generate  the ultimate bearing capacity of the 

soil at the study location. Some of the results were plotted that generated a resolved model equations, the theoretical 

values generated from the model were compared with other measured values from the study location, both values 

compared faviourably  well, which implies that the model developed can be applied to predict the ultimate bearing 

capacity of the soil at Egbema Imo state. The predictive model can be applied for design of shallow foundations that 

will avoid shear failure of foundation and uneven settlement in the study area.   Copyright © WJCMEE, all rights 

reserved.  

_____________________________________________________________________________________________ 

1. Introduction 

A large variety of engineering construction situations require for an appropriate consideration of underlying basic 

mechanisms of soil deformation is the contribution of unsaturated soil mechanics. A widespread and distinguishing 

feature of situations concerning unsaturated soils is that the triggering mechanism for soil deformation and, 

ultimately, soil failure, is the environmentally induced change in water content. These outside actions result is from 

alteration degrees of saturation or, at least, in the invention of negative pore water pressure. A useful introduction 
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ordering of the kind of problems, which may have their origin in environmentally-controlled changes in water 

content, may be based on the classical categorization of soils. Reflect on the following set of real cases, ordered in 

view of the plasticity and grain size circulation of the soil involved: High plasticity expansive barriers for waste 

isolation. A recurrently proposed system for radioactive waste disposal in Europe and Japan is to isolate the nuclear 

canisters by means of rings of compacted and initially unsaturated Bentonite. The canister space is filled with highly 

expansive blocks of compressed Bentonite, which will swell as water percolating from the host rock that hydrates 

the clay. Very high swellings pressure (6-7 MPa), essentially controlled by the initial porosity of the Bentonite, and 

are expected in this case. A narrative of the kind of phenomena presents in this case and the procedure to simulate 

the behaviour of these highly impermeable and exceedingly enlargement barriers may be found in Gens et al (1998). 

Swelling and shrinkage is dominated by the hydration phenomena of clay particles and clay aggregates Foundations 

on natural expansive medium to high plasticity clays. This is a classical example, which has received extensive 

attention over decades in different environmental areas characterized by arid climates (which explain the strong 

relative humidity changes in the exposed foundation soils) and high plasticity clays (Nelson and Miller, 1992). The 

series of International Conferences on Expansive Soils and, in recent times, the International Conferences on 

Unsaturated Soils (Pestana, 1995; Romero et al 1999, 2001) offer real cases, experimental and theoretical research. 

Although swelling is the dominant feature, a joint collapse –swelling behaviour may be expected in some cases. A 

discussion of this dual behaviour is given in Alonso, Gens and Hight (1987). The microstructure of unsaturated 

Clays offers a physical explanation for the observed behaviour associated with clay aggregates but capillary 

phenomena control the “large scale” geometrical arrangements of clay aggregates and coarser particles (Gens and 

Alonso, 1992). These soils have typically a bi-modal distribution of pore sizes Total Settlement of the structure be 

restricted to an acceptable amount and differential settlement of the variety of parts of the structure be eliminated as 

nearly as possible. To maximum value settlements, the strength of the soil stratum bottom the footing must be 

enough and spread the load over a satisfactory area to reduce bearing pressure. Foundation design measures 

normally provide soil bearing pressures on an allowable stress design basis while seismic forces in the 1997 UBC, 

and in most concrete design under ACI 318, are on a strength design basis. This requires that the designer make a 

transition from the ASD procedure used to size the footing to the USD procedures used to design the footing The 

construction foundation without seismic forces applied must be adequate to support the structure gravity load 

(Uwin,2006. When seismic effects are measured, the soil capacities can be increased taking into consideration the 

short time of loading and the dynamic properties of the soil. Following factors should be included in bearing 

capacity calculations. There are consideration these are Eccentricity, Load inclination factors, Base and ground 

inclination, Shape factor, Depth factor Water table and location. Maximum settlement should occur under the center 

of foundation and the minimum under the edges. The difference between highest and lowest, that is, differential 

settlement should be some fraction of the utmost. Both total and differential settlements must be considered in 

design Prediction of instant and time-related movement of the foundation should be reliable with the stiffness of the 

superstructure (Uwin, 2006). All the building, which exists on the earth, is ultimately supported by the earth. The 

loads of a building are transmitted to the soil through its lowest structural element called the foundation. In addition 

to the foundation material, the destiny of a structure also depends on the properties of the patch of the earth, rock or 



World Journal of Civil, Mechanical and Electrical Engineering                                                                                        

Vol. 1, No. 1, August 2014, pp. 1- 11                                                                                                                            

Available online at www.wjcmee.com 

 

3 

 

soil, on which the structure stands. So a foundation engineer is concerned with the twin tribulations of evaluating the 

ability of the earth to support the loads and designing the proper transition members to transmit the superstructure 

loads to the ground. The foundation design is aimed at providing a means of transmitting the loads from a structure 

to the underlying soil without causing any shear failure or excessive settlement of the soil under the imposed loads. 

Thus the option of an appropriate bearing capacity of soil becomes the most important point to be measured in any 

project. Bearing capacity, the sustaining power of a soil or rock, may be resolute by analytical methods, conducting 

field and laboratory tests and from the building codes. Soil characteristics, position of water table, types of 

foundation and their location are some of the factors which affect the bearing capacity and the performance of a 

foundation. The predictable theories on bearing capacity deal with ideal situation. Inadequacies of these theories 

have been knowledgeable by many when met with situations, which deviate from those assumed in these theories. 

When a locality is underdeveloped and the foundation units are farther apart, the adoption of conventional methods 

for computing the bearing capacity is quite justified. But as the area goes on developing, the proximity of the 

buildings to each other has a definite influence on the bearing capacity and settlement characteristics of footings. 

The interaction of pressure bulbs and failure surfaces in closely placed footings change their bearing capacity and 

settlement. This has provided the direction for research on behaviour of interfering (adjacent) footings.  The bearing 

capacity study of shallow footings is a subject with a very long reference list. The fundamental formation of 

formulae used for calculations of bearing capacity today, however, is no dissimilar from that proposed by Terzaghi 

in 1943. The first significant donations are due to Prandtl (1921) and Reissner (1924), who measured a punch over 

an insubstantial semi-infinite space, and Sokolovski (1965), in regard to a ponderable soil, all under plane strain 

situation. The ultimate bearing capacity of shallow strip footings is generally resolute by the Terzaghi method 

(1943). Terzaghi equation is an approximate solution which uses the superposition technique to combine the effects 

of cohesion c, soil weight γ and surcharge q. These contributions are expressed through three factors of bearing 

capacity, Nc, Nγ y Nq. These Bearing capacity factors are functions of angle of internal friction φ. Terzaghi (1943) 

used an approximate move toward to the physical reality where only a global limit equilibrium of rigid blocks 

defined by the Prandtl failure mechanism that was required, but considering the basal angle of the central wedge 

equal to φ, instead of 45º + φ/2. Meyerhof (1951) obtained, with a similar technique of the Terzaghi approach, 

approximate solutions to the plastic stability of shallow foundations and deep foundations, assuming a different 

failure mechanism and like Terzaghi, expressing the results in the form of bearing capacity factors in terms of the 

angle of internal friction φ. In general, the majority of the authors coincide in the expressions employed to determine 

Nc y Nq, nevertheless, there is a great discrepancy with respect to the values of the factor Nγ. This is the principal 

reason that encouraged the present investigation. This investigation is part of a bearing capacity of shallow 

foundations on sand study more extensive. Thus these previous studies constitute a part of the investigation that 

involves the experimental data acquisition with scale footings. Thereafter it will be calibrate finite element (Felipe, 

2000). Tatsuoka et al. (1991) investigated experimentally and critically the effects of the spread footing size in the 

bearing capacity. They institute that size effects are caused by confining pressure level effects on shear strength, 

progressive collapse of foundation grounds and degree effects of footing width with deference to the particle size of 

ground materials. It should be prominent that the scale effect cannot be detected in centrifuge loadings tests, and 
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Bowles (1996) commented that the scale effect is emphasized only in small scaled footings whose footings width B 

is less than 30 times the grain size (d50) of foundation ground material. Tatsuoka et al. (1991) succeeded in 

simulating the size dependent behaviors of spread footings by means of an advanced FEM. However, simplified 

methods which incorporate the conventional bearing capacity formula are needed for practical design purposes 

(Felipe, 2000). 

3. Materials and Method  

Shear strength of the were analyzed in other generate the ultimate bearing capacity of the soil, these were done at 

different location in the study area the results from the shear strength of the soil were potted in other to examine the 

behaviour of the shear strength parameter, this results developed some model, the models were resolved that 

generated a theoretical values from the models, the values were compared with other results from the study location.   

4. Results and Discussion  

Table 1 comparison of theoretical and measured values at different depth 

 

Depth Meter (mm) 

  

Theoretical value of 

Ultimate Bearing Value 

KN/m
2
 

 

 Measured value of 

Ultimate Bearing Value 

KN/m
2
 

0.2 126.4 126.6 

0.6 128.1 128.4 

0.8 127.2 127.6 

1 127.5 127.4 

1.2 127.8 127.8 

1.4 128 128.4 

1.6 128.3 128.6 

1.8 128.6 128.8 

2 128.8 128.6 

2.5 129.6 129.6 

3 130 129.4 

4 131.1 130.6 

5 133.1 133.6 

 

Table 2 comparison of theoretical and measured values at different depth 

 

Depth Meter (mm) 

  

Theoretical value of 

Ultimate Bearing Value 

KN/m
2
 

 

 Measured value of Ultimate 

Bearing Value KN/m
2
 

0.2 122.5 122.8 
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0.6 123.2 123.6 

0.8 123.5 123.8 

1 123.8 124 

1.2 124.2 123.9 

1.4 124.5 124.8 

1.6 124.9 124.9 

1.8 125.3 125.6 

2 125.6 125.8 

2.5 126.4 126.9 

3 127.2 127.6 

4 128.9 128.6 

5 130.1 129.9 

 

Table 3 comparison of theoretical and measured values at different depth 

 

Depth Meter (mm) 

 

 Theoretical value of Ultimate 

Bearing Value KN/m
2
 

 

 Measured value of Ultimate 

Bearing Value KN/m
2
 

0.2 126.4 125.9 

0.6 128.1 129.4 

0.8 127.2 126.9 

1 127.5 127.8 

1.2 127.8 127.5 

1.4 128 128.4 

1.6 128.3 129 

1.8 128.6 129.4 

2 128.8 128.6 

2.5 129.6 130 

3 130 131.4 

4 131.1 132.4 

5 133.1 135.4 

 

Table 4 comparison of theoretical and measured values at different depth 

Depth Meter (mm)  Theoretical value of Ultimate 

Bearing Value KN/m
2
 

 Measured value of Ultimate 

Bearing Value KN/m
2
 

0.2 126.4 125.9 

0.6 128.1 129.4 

0.8 127.2 126.9 

1 127.5 127.8 
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1.2 127.8 127.5 

1.4 128 128.4 

1.6 128.3 129 

1.8 128.6 129.4 

2 128.8 128.6 

2.5 129.6 130 

3 130 131.4 

4 131.1 132.4 

5 133.1 135.4 

 

Table 5 comparison of theoretical and measured values at different depth 

 

Depth Meter (mm) 

  

Theoretical value of Ultimate 

Bearing Value KN/m
2
 

 

 Measured value of Ultimate 

Bearing Value KN/m
2
 

0.2 121.7 121.6 

0.6 122.3 122.1 

0.8 122.5 122.2 

1 122.8 122.8 

1.2 123 123.1 

1.4 123.4 123.4 

1.6 123.6 123.6 

1.8 123.8 123.6 

2 124.1 124.5 

2.5 124.8 125.1 

3 125.5 125.8 

4 126.8 127 

5 128.1 128.4 
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Figure 1: comparison of theoretical and measured values at different depth 

 

Figure 2: comparisons of theoretical and measured values at different depth 
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Figure 3: comparisons of theoretical and measured values at different depth 

 

Figure 4 comparisons of theoretical and measured values at different depth 
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Figure 5 comparisons of theoretical and measured values at different depth 

Figure 1 shows that the theoretical values increase in a fluctuation form displaying the lowest bearing capacity at 

126. 4kN/m at 0.2m and the highest bearing capacity deposited at 133kN/m at 5m deep, while the measured values 
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implies that if it is integrated in any foundation design having an impose load, the foundation will not experience 

shear failure and uneven settlement in the study area.   

4. Conclusion 

Foundation design and construction is the major factor considered in structural design, because it transmitting all the 

dead and the live load to the ground, therefore the soil carries all the  impose loads to the soil, the issue of ultimate 

bearing capacity of soil are imperative if the structure will not experience shear failure and uneven settlement, where 

the structure will fail and destroyed live and properties, in this condition to examine the ultimate bearing capacity of 

soil before design and construction of a structure, it  is imperative to generate a predictive model for ultimate 

bearing capacity at Egbema Imo. The model generated from the study area were compared with other values and 

where found faviourable, this implies that the model can be applied for design and construction of shallow 

foundation in the study location. Applying the model will solve the   shear failure and uneven settlement for shallow 

foundation in the study area.   
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