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Abstract— In this paper a new type of foundation is 

presented that is very much useful under the eccentric 

loading conditions are known as the “Angle Shaped 

Footing”. This type of footing was introduced in the year 

2000 to nullify the effect of eccentric loading that arises due 

to various loading conditions. The paper presents studies of 

the results that arise by varying the length of the projection 

along with the size of the footing by taking the longer side of 

the rectangular footing into consideration. The analysis is 

conducted on a readymade finite element analysis package, 

‘ANSYS’. The graphs have been plotted of the results 

obtained and suitable conclusions have been drawn. 
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I. INTRODUCTION 

In the design of rectangular footings, it is a very important 

aspect to understand the behaviour of surrounding soil when 

footings are subjected to vertical and eccentric loads. The 

footing design method requires that footing must possess 

sufficient safety against failure and settlement. These 

criteria depend on the bearing capacity. The settlement 

criterion is more critical than the bearing capacity especially 

in the designs of shallow foundations, especially for 

foundation width greater than 1.5 m[1]. 

A load or force upon a portion of a column or pile 

not symmetric with its central axis, thus producing bending 

is known as eccentric loading. Due to eccentric loading the 

footing tilts and pressure below the footing does not remain 

uniform. The tilt of the footing depends upon the value of 

eccentricity width ratio[2]. The eccentrically loaded footings 

can be designed by providing unequal offsets on either side 

of the column face so as to match the centre of gravity of the 

footing area with the centre of gravity of the column load. 

To avoid tensile crack eccentricity width ratio i.e. ex /B ratio 

limited to 1/6[3]. 

A footing when provided with a vertical projection 

which remains embedded in the soil on one side i.e. towards 

She eccentricity such that it is an integral part of the footing 

it is called an Angle Shaped Footing. In an angle 'shaped 

footing the soil particles near the footing projection is 

prevented from moving laterally thus footing projection 

causes footing to tilt in a direction opposite the one in which 

the footing has a tendency to tilt in the absence of footing 

projection[4]. Thus tilt of the footing can be reduced to zero 

by providing a downward footing projection of required 

depth toward the loading side. By varying two 

dimensionless parameters namely ex/B and D/B [5] he 

developed the equation of the following type, which is 

found to be independent of the material of footing and the 

properties of the underlying sandy soil i.e. 
𝐷

𝐵
= 85.77 (

𝑒𝑥

𝐵
)
2

+ 3.42 (
𝑒𝑥

𝐵
) 0.0012                   (1) 

Where,  

B = width of footing;  

D = depth of footing projection;  

ex= eccentricity along x-axis;  

The concept of footing in which the footing 

projection is at a right angle to footing and such footings 

subjected to eccentric vertical load was extended to footings 

under eccentric and inclined loading.  

II. PROBLEM FORMULATION 

To use the angle shaped footing in foundations of building 

subjected to eccentric loading.  

The parameters to be considered are a depth-width 

ratio, depth-length ratio, and size of footing. The edge on 

which projection to be provided i.e. on longer side or shorter 

side.  

Its analysis has been carried out using finite 

element method.  

The programming has been done using the finite 

element modeling software's ANSYS.  

The soil is considered dry and assumed to behave 

linearly. Failure criteria are based on Mohr Coulomb's 

theory.  

For the solution of the given problem, a number of 

numerical methods are available: Matrix method Finite 

difference method. Etc. 

In the modern days, the finite technique which is 

the most versatile tool for the analysis of a given problem 

has been extensively used due to its Superiorities over the 

other methods and hence the finite element technique has 

been adopted. The readymade software i.e. ANSYS 12 

which is based upon the FEM has been employed. The soil, 

footing projections and footing have been discretized and 

the input required for the solution are also chosen and the 

program is rum for a given condition mentioned in the 

objectives. The output of the analysis is noted in the form of 

displacements and the analysis has been performed. 

III. OBJECTIVES 

To use the angle shaped footing in foundations of building 

subjected to eccentric loading.  

The parameters to be considered are a depth-width 

ratio, depth-length ratio, and size of footing. The edge on 

which projection to be provided i.e. on longer side or shorter 

side.  

Its analysis has been carried out using finite 

element method.  

The programming has been done using the finite 

element modeling software's ANSYS.  

The soil is considered dry and assumed to behave 

linearly. Failure criteria are based on Mohr Coulomb's 

theory.  

http://www.dictionaryofconstruction.com/definition/load.html
http://www.dictionaryofconstruction.com/definition/column.html
http://www.dictionaryofconstruction.com/definition/pile.html
http://www.dictionaryofconstruction.com/definition/axis.html
http://www.dictionaryofconstruction.com/definition/producer.html
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For the solution of the given problem, a number of 

numerical methods are available: Matrix method Finite 

difference method. Etc. 

In the modern days, the finite technique which is 

the most versatile tool for the analysis of a given problem 

has been extensively used due to its Superiorities over the 

other methods and hence the finite element technique has 

been adopted.  

The readymade software i.e. ANSYS 12 which is 

based upon the FEM has been employed. The soil, footing 

projections and footing have been discretized and the input 

required for the solution are also chosen and the program is 

run for a given condition mentioned in the objectives. The 

output of the analysis is noted in the form of displacements 

and the analysis has been performed.  

The objective is to verify the eccentricity width 

ratio (e/B) for zero tilt condition for the real size footing of 

size 1.5m x 1 m, 2.0m x lm, 2.5m x lm, 3.0m x lm using the 

Parameters-Length of projection (D/B) = 0.2m, 0.4m, 0.6m, 

0.8m. e/B values = 0, 0.05, 0.1, 0.15, 0.2 

IV. OBSERVATION & RESULTS 

Zero Tilt Condition for Longer Side Projection for Size of 

Footing 3.0m × 1.0m for Load Intensity IS 2005N/m2 

D/B (Depth of Footing 

Vs Breadth of Footing 

ratio) 

ez/B (Eccentricity in the z 

direction Vs Breadth of Footing 

ratio) 

0 0 

0.2 0.0599 

0.4 0.0638 

0.6 0.0686 

0.8 0.0766 

Table 1: Tilt Conditions for Different Sizes of Footings 

D/B 
Size of Footing (m2) 

1.5 × 1.0 2.0 × 1.0 2.5 × 1.0 3.0 × 1.0 

0 0 0 0 0 

0.2 0.0642 0.0582 0.0571 0.0599 

0.4 0.0743 0.0596 0.0584 0.0638 

0.6 0.0831 0.0745 0.0688 0.0686 

0.8 0.0878 0.0839 0.0739 0.0766 

Table 2: Eccentricity Value for Zero Tilt Condition for 

Different Sizes of Footing (Projection on Longer Side) 

 
Fig. 1: Curve Showing Relationship between Depth of 

Footing Projection and Eccentricity Width Ratio for No Tilt 

 
Fig. 2: Showing the side view of the angle-shaped footing 

 
Fig. 3: Showing the isometric view of the angle-shaped 

footing 

 
Fig:4 Showing the isometric view of the angle-shaped 

footing in ANSYS 15 

V. CONCLUSION 

The position of the eccentric loading for zero tilt condition 

increases linearly by increasing the depth of the footing.  

With the increase in the size of footing the location 

of zero tilt does not change substantially.  

Thus in could be concluded that the eccentricity 

width ratio increases in with an increase in depth-width ratio 

without any appreciable effect of the size of footing.  

The location of eccentricity for same D/B value is 

much smaller compared to the square footing. 
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