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Abstract 
As we know the foundation is the most important member of the building and a precise analysis of footing will results in more safe and 

economic design. In the present study combined rectangular footing loaded with both Axial force and Moment on both columns is 

analyzed using Rigid (conventional) Method and the same footing is also analyzed by Finite Element and Winkler Model Approach 

and the results of both analysis is compared. The results of an analysis typically include support reactions, Bending and shear stresses 

and displacements. The Winkler Model Method is sometimes also called as Simplified Elastic Approach. Further the Computer 

program is written in MATLab to solve the problem and parametric study is also carried out for various values of Number of Element, 

Modulus of Subgrade reaction (Kf).  
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1. INTRODUCTION 

Foundation is a structural member, made of brick work, 

masonry or concrete a structure which carries the entire load 

from superstructure and it will distribute the load on soil 

bellow it. The strength, stability & support of structure are 

fully dependent on foundation. If some parts of superstructure 

fails, then repairs, modifications, additions & alterations are 

possible to save the structure, but in case of foundation failure 

it is much difficult and very costly. 

 

1.1 Types of Foundation 

“Foundation” is the main part of a building which is broadly 

classified into two main categories Shallow foundation and 

Deep foundation 

 

Depending upon the nature of soil below foundation, site 

condition, type and amount of loading, type of super-structure 

we have to choose appropriate type of foundation. 

 

Combined footing is one in which a footing supports a line of 

two or more columns.  

 

A combined footing may have either rectangular or 

trapezoidal shape or be a series of pads connected by narrow 

rigid beams called a strap footing.  

 

 

 

 

1.2 Analysis of Footing 

To get safe and economic sizes of footing we have to analyses 

the footing accurately. Structural analysis comprises the set of 

physical laws and mathematics required to study and predicts 

the behavior of structures. To perform an analysis a structural 

engineer must determine such information as structural loads, 

geometry, support conditions, and materials properties. 

 

The results of such an analysis typically include support 

reactions, Bending and shear stresses and displacements. This 

information is then compared to criteria that indicate the 

conditions of failure. 

 

There are four types of analysis is used for combined footing: 

 Rigid Analysis 

 Elastic Analysis 

 Simplified Elastic Approach  

 Elasto plastic Approch 

 

Simplified Elastic Approach: In this type of analysis the soil is 

replaced by Independent Elastic Spring whose stiffness can be 

approximated by using Modulus of subgrade reaction, Base 

area and Depth of Foundation. It is also called as Winkler 

Model. 

 

As mentioned previously combined footing can be analysed 

using rigid, elastic and simplified elastic method. The present 

study focuses on rigid and simplified elastic analysis (using 

Winkler model) of rectangular combined footing. 
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The objective of this study is to obtain displacement, base 

pressure shear force and bending moment along the length of 

the footing. Further a Comparison will be carried out with 

Rigid (conventional) Analysis. 

 

1.3 Beams on Elastic Foundation 

When flexural rigidity of footing is taken into account, a 

solution based on a concept on beam on elastic foundation is 

used. In this concept the assumption is made that the soil bed 

below is made-up of Independent springs (Winkler, 1867).  

 

 
 

Fig -1: Winkler's Concept 

 

The basic differential equation of Beam on Elastic Foundation 

is  

 

 
𝐸𝐼

𝑑4𝑦

𝑑𝑥4
=  𝑞𝑛 . 𝑏 = 𝐾𝑓 . 𝑏. 𝑦 

 

Where, E= modulus of elasticity of beam, 

I= moment of inertia of beam section 

Kf = modulus of sub-grade reaction of footing 

 

1.4 Finite Element Method 

Finite element Analysis is computerized method of analysis, in 

which a programmer writes computer code for solving the 

problem  

 

In FE analysis following three steps or phase are Important 

1) Pre Processing 

2) Processing  

3) Post Processing   

 

Pre Processing: In this Phase the whole geometry of structure 

is divided into a number of small parts or elements and these 

elements are connected by points called as “nodes”. In the 

present study of analysis of rectangular combined footing 

Beam element is used. 

 

 
 

Fig -2: Beam Element 
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Fig -3: Beam Element Stiffness matrix 
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Fig -4: Beam Element Vector matrix 

 

Analysis or Processing: the finite element program written to 

construct and solve linear or non-linear equations itself. The 

deformations in beam element are in the form of rotation and 

deflection, which are occurred at the nodes. These 

deformations can be determined by a linear or non-linear 

algebraic equitation’s which is constructed and solved by 

finite element computer code itself.  

 

In the analysis for each Beam element discrete stiffness matrix 

is calculated which is normally recognized as Local stiffness 

matrix. Then this local stiffness matrix is combined together to 

form the Global stiffness matrix which is used for the analysis. 

 

As we know,   𝐾𝑖  𝑗  ×  𝑢𝑗 =  𝐹𝑖  

 

By knowing the force applied at nodes and global stiffness 

matrix we can determine displacement at nodes. 

 

Post Processing: The output of Finite element analysis or 

computer code is displacement and rotation at nodal point is 

further processed to obtain the Shear Force and Bending 

Moment at various nodal points. 

 

2. FORMULATION OF FINITE ELEMENT 

METHOD FOR COMBINED FOOTING 

In FEM as discussed above, the whole structure is divided and 

represented in Number of Elements and Nodes. In present 

Study for analysis of combined footing finite beam element is 
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used. The property of combined footing such as width of 

combined footing, depth of combined footing and material 

property of combined footing is applied to finite beam element 

similarly the length of beam element is depend on length of 

footing and Number of beam element. 

 

 
 

Fig -5: Plan and Elevation of combined Rectangular footing 

 

Application of property of Rectangular combined footing to 

beam element: 

1) Width of element (w)= Width of Footing 

2) Depth of element (d) = depth of footing 

3) Material property of element = material property of 

footing 

4) Moment of Inertia of element (I) = Moment of Inertia 

of footing 

 

2.1 Application of Finite Element Method for 

Combined Footing 

 
 

Fig -6: combined footing  

 

 
 

Fig -7: Free body of combined Rectangular footing 

 

To analyze the footing by finite element method, initially 

discretize the given problem. 

 

In the figure bellow (fig. 8 Discretizing the Problem) it is 

shown that the given footing is divided into three number of 

elements and four Nodal points, now according to Winkler's 

Model the soil is made-up of springs, therefore the springs are 

attached at each nodal points, which is having stiffness "K" 

 

 
 

Fig -8: Discretizing the Problem 

 

 
 

Fig -9: Spring Force 

 

Now, the spring will give some reaction to the beam which is 

equal to product of effective area, Modulus of Subgrade 

reaction and Deflection at that point as given in fig. No. 9 

 

Now, Find out the Stiffness matrix for each element that is 

local stiffness matrix then combine it and find out global 

stiffness matrix. 
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Fig -10: Global stiffness matrix 

 

Scene the base is made-up of springs we have to add the 

stiffness contribution of those springs. 
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Fig -11: Final stiffness matrix 

 

It will give us the final stiffness matrix [K]. 

 

Finally, we know, F= K x δ 

   δ = F x K
-1

 

 

We can get the deformation at various nodal points 

 

Once the deformations are calculated, then base pressure and 

reaction offered by the springs can be calculate by following 

formula.  

 

Base Pressure = (modulus of subgrade reaction) x (Deflection 

at a point) 

 

Reaction by spring = (Stiffness of Spring) x (Deflection at that 

point) 

 

A computer Program is written in MATLab for analysis of 

combined rectangular footing with moment on both column 

using Winkler’s Model and Finite Element Method as it is 

suggested by Bhogade V M and Konapure C G [13]. MATLab 

is powerful software known for matrix calculation 

 

3. ANALYSIS OF COMBINED RECTANGULAR 

FOOTING BY VARIOUS METHODS: 

Following parametric investigation is carried out to study the 

Winkler’s model and finite element method 

 

 

1. The problem is analyzed by conventional method 

 
 

Fig -12: Shear Force and Bending moment along length of 

footing by conventional Analysis 

 

2. The same problem is analyzed by Winkler’s model and 

finite element method by varying following parameters. 

 

a. Various number of element used 

 

 
 

Fig -13: Bending Moment along length of footing 
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Fig -14: Shear Force Along length of footing 

 

b. Variation in modulus of subgrade reaction 

 

 
 

Fig -15: Bending Moment along length of footing 

 

 
 

Fig -16: Shear Force Along length of footing 

 

4. CONCLUSIONS 

1. The number of elements shall be at least 50, however the 

variation in Bending moment, Shear force is not much 

smooth for above number of element.  

2. As number of elements increased the values of Bending 

moment, Shear force are not much varying, But the 

diagrams are refined and smooth variation is observed. 

3. As the modulus of subgrade reaction (Kf) increases, 

maximum Bending moment decreases. 

4. In conventional method the upward soil pressure is 

assumed to be uniform throughout the length of footing, 

the variation of Pressure distribution can be observed by 

applying Winkler’s model and finite element method. 

5. Future scope: the study can be extended for trapezoidal 

footing and Strap footing, with or without Moment on one 

or both column. Further the analysis can be carried out 

using plate element or the effect of variation in cross-

section can be studied. 
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