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Most of the time, the design of the foundation is based on the minimum carrying 

capacity values of soil or using average or weighted average bearing capacity values 

wherein multi-layered soil that have different bearing capacity values exist. Due to the 

above facts, there is general uncertainty over how the layered soils bearing capacity 

problem should be approached. Many plausible solutions have been advanced, and the 

methods often lead to widely different bearing capacity predictions for the same problem. 

Therefore, in the thesis, to fill this gap on research, the geotechnical stability of a square 

footing on a layered soil would be studied based on 3D numerical based (Abaqus CEA-

software) parametric study and analytical procedures, and the result would be compared.  

1.4. SCOPES AND LIMITATION  

This study is concerned with the analysis of the bearing capacity and settlement of 

the foundation using finite element software called Abaqus CEA for non-expansive soils. 

The soil and footing material parameters and the properties of foundation structure are used 

as determined in previous studies for a material specification. Thus, this study uses 

secondary data of soil geotechnical properties. These study has to be concerned with a two-

layered soil structure when strong soil over weak soil and vice-versa and also satisfy Mohr-

Columb (MH) failure criteria. The effects of groundwater were not taken into account and 

Non-linear behaviour of structure was not included. The 3D Numerical and convergence 

simulation, this study aims to use, is selected through convergence analysis study for 

modeling general geometries and soil property variations. However, the foundation 

problem studied here is insensitive to seismic conditions; the study is limited to only the 

static analysis. 

1.5. SIGNIFICANCE OF THE STUDY 

Calculate the ultimate bearing capacity of footings on layered soil is very significant 

as it is a requirement for any design and the failure mechanism of soil under the footing.  In 

the geotechnical engineering detailed investigation, the bearing capacity of the foundation 

is the primary task for further design and construction of structures in a specific place.  The 

study provides input for further geotechnical researchers to fill the gap in the layered soil 

study in the construction industry.  
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The researchers also assist geotechnical engineers in time-saving and follow the 

easiest method for analysis of complex foundation problems and to determine the 

magnitude of the bearing capacity analysis of stratified soil.  FEM design tool has 

significantly improved both the standard of engineering designs and the methodology of the 

design process in many structural applications. The introduction of FEM has substantially 

decreased the time to take computational time for complex foundation problems. It is 

primarily through improved initial prototype designs using FEM that testing and 

development have been accelerated. In summary, benefits of FEM include increased 

accuracy, enhanced design and better insight into critical design parameters, a faster and 

less expensive design cycle, increased productivity, and increased revenue. The research 

performed in this study is limited to flexible square footings on stratified soil. 

1.6. METHODOLOGY  

The methods that have been used for this thesis include document review, analytical 

calculation, and using finite element software Abaqus. Previous research studies that are 

found to be relevant to the objectives of this research has been reviewed and the results of 

the evaluation of bearing capacity from Abaqus and those from conventional theories has 

been compared. 3D finite element analysis model in Abaqus has been done and compared 

with other methods of calculating bearing capacity analysis. 

1.7. OUTLINE  

The focus of the work presented herein concentrates on the evaluation of 

geotechnical stability of square footing on a stratified soil by conducting 3D numerical 

based parametric analysis using Abaqus CEA software and to compare the result with the 

conventional methods so far developed for layered soils. 

Chapter 2 provides a detailed review of the literature of shallow foundations, 

addressing various aspects such as the ultimate bearing resistance, selected aspects of 

stratified soil behavior, application of FEM and analytical procedures to bearing capacity of 

shallow foundations. In order to have a better understanding of the present status of 

knowledge in this field, the discussion in Chapter 2 summarizes the design methods that are 

extensively used in many parts of the world. 
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Chapter 3 presents the development of the 3D numerical model of a square footing 

n a two layered soil and describes the verification and convergence analysis study. 

Chapter four provides the parametrical studied of the layered soil o a different soil 

medium combinations and its stress versus displacement graph results are accomplished in 

groups or in individual manner.  

Final chapter five and chapter six present the overall research discussion, 

conclusion and recommendation also included. 
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Significant contributions to the subject of bearing capacity were later made by 

(Terzaghi (1943), Meyerhof (1951), Skempton (1951), Brinch Hansen (1961), Balla (1962), 

and Murthy, (2006)).  

2.2.2. Geotechnical Stability  

2.2.2.1. Stability Requirements  

A foundation is an integral part of a structure. The stability of a structure depends 

upon the stability of the supporting soil. A geotechnical engineer must ensure that a 

foundation satisfies the following two stability conditions:  

(f) . The foundation must be stable against the shear failure of the supporting soil (ultimate 

limit state).  

(g) . The foundation must not settle beyond a tolerable limit to avoid damage to the 

structure (Serviceability limit state). 

Both requirements must be satisfied. Often, it is a settlement that governs the design 

of shallow foundations (Muni Budhu, 2010). The other factors that require consideration 

are the location and depth of the foundation. In deciding the location and depth, one has to 

consider the erosions due to flowing water, underground defects such as root holes, 

cavities, unconsolidated fills, groundwater level, presence of expansive soils, etc. ( Murthy, 

2002).  

2.2.2.2. Ultimate Limit State  

The bearing capacity of a soil is defined as the maximum load per unit of area 

which the soil can support without rupture. Most of the theoretical analyses of ultimate 

bearing capacity are based on the assumption that the soil is a homogeneous, isotropic and 

plastic material throughout the zone of soil shear. These is to define limiting stress or force 

that should not be exceeded by any conceivable or anticipated loading during the design 

life of a foundation or any geotechnical system. 
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2.2.2.3. Serviceability Limit State  

Serviceability limit state defines a limiting deformation or settlement of a 

foundation, which, if exceeded, will impair the function of the structure that it supports 

(Muni Budhu, 2010) 

2.2.3. Ultimate Bearing Capacity of Shallow Foundation  

Shallow footings are created where the soil layer at shallow depth (up to 1.5m) can 

maintain the hidden weights. The general classes of shallow footings are those that help a 

singular essential part, commonly implied as spread or pad footings'', and those that help at 

least two underlying individuals, referred as consolidated or strip footings, as appeared in 

Figure 2.1. 

 

Figure 2. 1.  Foundation types: (1) spread or pad footing (2) combined or strip. 

The soil ought to be prepared for carrying on the load from any organized structure 

put upon it. The transferred weight is kept up by the shear strength and deadweight of the 

underlying and including soil. Consider a footing resting on the surface of different soil 

types. As the foundation load gradually increases, the settlement of the foundation also 

increases. At a certain point that is when the load per unit area is equal to the bearing 

capacity of the footing, a sudden failure in the soil will generally take place. Such failure is 

often accompanied by a large increment of footing settlement and the failure surface may 

extend to the ground surface (Das, 1997). Figure 2.2 shows a classic example of bearing 

capacity failure, which occurred to the Transcona Grain Elevator, Canada, in 1913.  

In nature, soils regularly comprise discrete layers, and, therefore, foundations for 

designing structure are typically established on multi-layered soil profiles. On the off 
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chance that a footing is set on the surface of a layered soil and the thickness of the top layer 

is huge contrasted and the width of the footing, at that point the bearing limit of the soil and 

the displacement behavior of the footing can be assessed, to adequate precision, utilizing 

just the properties of the upper layer (Poulos et al, 2001). Notwithstanding, if the 

thicknesses of the uppermost layers are equivalent to or not exactly the width of the 

foundation, such a methodology presents critical errors and is not, at this point fitting 

(Poulos et al., 2001). 

 
Figure 2. 2.  Typical Bearing capacity and excessive settlement failure of Transcona Grain 

Elevator, Canada, in 1913 (After Baracos 1957) 
 

This is because the zone of impact of the footing including the potential failure zone 

may stretch out to a huge profundity, and along these lines, at least two layers within the 

depth range will influence the bearing behavior of the footing. 

2.2.4. Shear Failure Modes  

Before the load on a footing is applied the soil located beneath the level of the base 

of the footing is in a state of elastic equilibrium. When the load on the footing is increased 

beyond a certain critical value the soil gradually passes into a state of plastic equilibrium. 

During this process of transition both the distribution of the soil reaction over the base of 

the footing and the orientation of the principal stress in the soil beneath the footings 

change. (Terizaghi 1943).  

Consider a foundation supported on a two-layered soil profile of strong over weak 

soil type. If the depth of the top layer, H, is relatively small compared to the foundation 

width, B, punching shear failure will occur in the upper soil layer followed by a general 

shear failure in the lower soil layer.  
















































































































































































































































