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Abstract—This paper utilizes a finite element analysis to study 

the bearing capacity of ring footings on a two-layered soil. The upper 
layer, that the footing is placed on it, is soft clay and the underneath 
layer is a cohesionless sand. For modeling soils, Mohr–Coulomb 
plastic yield criterion is employed. The effects of two factors, the 
clay layer thickness and the ratio of internal radius of the ring footing 
to external radius of the ring, have been analyzed. It is found that the 
bearing capacity decreases as the value of �� � �� increases. 
Although, as the clay layer thickness increases the bearing capacity 
was alleviated gradually. 
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I. INTRODUCTION 

EHAVIOUR of shallow foundations on soil is one of the 
most interesting topics in geotechnical engineering. Up to 
now, many experimental and numerical studies have been 

made to determine the bearing capacity of shallow foundation 
on soils. In recent years, numerical methods, such as Finite 
Element Method (FEM) [3-6] and the Finite Difference 
Method (FDM) [7, 8], have been widely used to compute the 
bearing capacity of strip and circular footings.Nowadays, 
more and more ring footings are used in practice. They are 
usually used for symmetrical buildings like silos, chimneys, 
water tower, oil storages, tanks and etc. Therefore, the 
theoretical prediction of ultimate bearing capacity for ring 
footings is a requirement in the design of mentioned 
structures. Some experiments have also been performed to 
compute the bearing capacity of ring foundations [9-11]. 
Reference [12] determined the load deformation response of 
rigid ring footings by finite element method. Reference [13] 
investigated the bearing capacity factor Nc for both smooth 
and rough ring footings by using the method of characteristics, 
assuming that the interface friction angle between the footing 
base and the underlying soil mass increases gradually from 
zero along the footing centerline to along the footing bas.In 
this study, a finite element software, ABAQUS, will be used 
to determine how the bearing capacity of ring footing will be 
changed as the value of �� � �� increase; where �� and �� are the 
inner and outer radius of the ring foundation, respectively. 
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II. PROBLEM DEFINITION 

The problem for this study is defined as in Fig. 1. The 
relatively rigid ring footing is specified with internal radius �� 
and external radius��, respectively. The footing base rests on a 
two-layer soil with a horizontal ground surface. The first layer, 
which the footing is placed on it, is soft clay and the 
underneath layer is sand. The ring foundation is subjected to a 
vertical stress. 

 
Fig. 1 Grid of axis-symmetric model and boundary conditions 

 
When the ground is loaded with a uniform surcharge pressure 
(q), according to Terzaghi’s [1] formula, the bearing capacity 
of a shallow, strip footing can be obtained from the following 
equation: 
 

�	 
 �� � ��� � 0.5����       (1) 
 
Where c is cohesion; q represents the equivalent surcharge; �is 
unit weight; B is footing width,  �, ��and ��are the bearing 
capacity factors, which are dependent solely on the friction 
angle. For the axially loaded circular footings, which has a 
width of B and rests on the surface of the soil (no surcharge) 
with a unit weight �, Erickson and Drescher [14] proposed the 
generalized bearing capacity formula as follows: 
 

�	 
  ���� � 0.5�������       (2) 
 

Where �and �� are bearing capacity factors of strip footings; 
��and ��� are factors accounting the shape of footings. In the 
literature, there are expressions and tables for the bearing 
capacity and shape factors [1, 15-18]. But the characteristics 
of most of these factors are almost the same. According to 
[14], the shape factors can be considered to modify the bearing 
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capacity factors by �
� =��� and��

� 
  �����. For strip 
footings �� 
  ��� 
 1 and  �

� 
  �and��
� 
 �. However, 

for the ring footings, the bearing capacity factors depend not 

only on the frictional angle � but also on the internal radius�� , 

the external radius ��and the ratio of�� ��
� . 

III.  NUMERICAL SIMULATION  

In the present model, the ratio of internal radius ��  to 

external radius �� is taken 0, 1/3 and  2/3 .Also the value of 
external radius is considered 3m, 5m and 8m. The total soil 
depth is 20m and the clay layer depth which is the upper layer 
will be 2m, 5 m and 9 m. In numerical simulations, the 
Young’s modulus of clay considered being 5MPa, and the 
sand Young’s modulus is 30MPa. The unit weight of clay,  � 

is 16  ��
���  and the sand unit weight, �� is 18  ��

���  . The 

clay’s cohesion, c = 20 kPa. The sand layer is cohesionless 
and its friction angle, � =30°. The dilation angle, ", for the 
clay layer and sand layer are 0° and3°, respectively. 
Since the model is axis-symmetric, only symmetrical plane of 
the problem domain is considered. For making the ‘‘boundary 
condition’’ on the estimation of the collapse load negligible, 
the domain is given a depth of 20 m and extends 14 m from 
the centerline of the ring footing. The domain is divided into 
nearly 2200 square element. 

The left vertical side of the domain is axis-symmetry axis 
and in right and left vertical sides only vertical displacement is 
allowed. The bottom edge is constrained in vertical and 
horizontal direction. Also the right vertical side is constrained 
in horizontal direction. The soil –footing interaction has 
‘‘tangential’’ and ‘‘normal’’ behavior using penalty type of 
formulation with the coefficient of 0.6. Before loading the 
footing, the initial gravitational stresses are simulatedby 
attributing an initial stress state to the soil at the clay-sand 
interface and at the deepest depth of the sand. Stress in the 
vertical direction is equal to the product of unit self-weight of 
soil and the distance of mentioned depth from the surface. 
Horizontal stresses are obtained by using the coefficient of 
earth at rest, $%, which is calculated from Jacki’s formula. 
According to Jacki’s formula for sand  
 

$% 
 1 & sin � 
 0.5         (3) 
 
 
And for clay 
 
 

$% = 0.95 & sin � = 0.85          (4) 
 
 
So for the sand which friction angle is30°, $% will be 0.5 and 
for the clay which friction angle is5°, $%will be 0.85. 

In this study, because the objective is to find the maximum 
load which soil can undergo, the admissible values of 
settlement have been disregarded. 

IV.  ANALYSIS AND DISCUSSION 

Load versus �� ��
�  ratio curves for different external radius 

and clay layer thickness are illustrated in Fig. 2-4. It is 
observed that the bearing capacity of ring footing decrease 

with an increase in �� ��
�  ratio when external radius of ring is 5 

or 8. However when the external radius of ring is 3 the 
procedure is almost opposite. Furthermore, from this figure, it 
is obvious as the clay layer depth increases the soil reach the 
failure state earlier and this means the bearing capacity 
decreases. 
 

 
Fig. 2 Bearing capacity changes with increase in ri/ro ratio when clay 

layer thickness is 2 (m)  
 
 

 
Fig. 3 Bearing capacity changes with increase in ri/ro ratio when clay 

layer thickness is5 (m) 
 

 
Fig. 4 Bearing capacity changes with increase in ri/ro ratio when clay 

layer thickness is 9 (m) 
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Load versus clay layer thickness curves are shown in Fig. 5 
-7.It is found that the bearing capacity changes are tangible 
when ri/ro ratio is zero. When ri/ro is 1/3, bearing capacity is 
not influenced significantly by changing in clay layer 
thickness compared with when ri/ro is zero. Also it is found 
that when ri/ro is 2/3, changing in clay layer thickness has 
almost no effect on bearing capacity. 

 

 
 
Fig. 5 Bearing capacity changes with increase in clay layer thickness 

when ri/ro ratio is 0 
 
 

 
 

Fig. 6 Bearing capacity changes with increase in clay layer thickness 
when ri/ro ratio is 1/3 

 
 

 
Fig. 7 Bearing capacity changes with increase in clay layer thickness 

when ri/ro ratio is 2/3 
 

Fig. 8-13 show the displacement vector field according to 
ultimate state of shear failure for different clay layer depth. 
The displacement increases with loading steps until soil 
reaches failure state and when the soil beneath the ring footing 
reaches the state of failure, the evident steady plastic flow 
occurs. It is also observed that displacement vectors 
dominantly remain in clay layer; it means as the clay layer 
depth increase the displacement vectors  also propagate in clay 
layer and almost do not enter the sand region and when the 
clay layer depth decrease the displacement vector also being 
restricted in clay layer. 

 
Fig. 8 Displacement vector field for �� ��

� = 0, clay layer thickness = 2 
(m) and external radius = 8 (m) 

 

 
Fig. 9 Displcement vector field for �� ��

� = 0, clay layer thickness= 
9(m) and external radius = 8 (m) 
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It is observed that the bearing capacity decreases as the clay 
layer thickness increases. The reason for this phenomenon is 
when the clay layer thickness is low (e.g. 2m or less) the 
underneath sand layer contribute more in the stress 
distribution. Regarding the stiffness of the underneath sand 
layer is relatively high, it takes more energy and as a 
consequence more stress. 

 
 
Fig. 10 Displacement vector field for �� ��

� = 1/3, clay layer thickness 
= 2 (m) and external radius = 8 (m) 

 
 

 
Fig. 11 Displacement vector field for �� ��

� = 1/3, clay layer thickness 
= 9 (m) and external radius = 8 (m) 

 
 
 
 
 

 

 
Fig. 12 Displacement vector field for �� ��

� = 2/3, clay layer thickness 
= 2 (m) and external radius = 8 (m) 

 

 
Fig. 13 Displacement vector field for �� ��

� = 2/3, clay layer thickness 
= 9 (m) and external radius = 8 (m) 

 
 

V. CONCLUSION 

The numerical simulation for computing the two-layer soil 
ultimate bearing capacity which is beneath the rigid ring 
footing is presented. The soil is modeled as an elastic-plastic 
material obeying Mohr-Coulomb yield criterion. Bearing 
capacity of ring footing is computed using finite element 
software, ABAQUS. 

From the result of numerical simulation, it is found that the 

bearing capacity decrease as the �� ��
�  ratio increase. Also it is 

found that as the clay layer, which the ring footing is 
simulated on it, increases in depth, the bearing capacity 

decreases gradually. Furthermore, as the �� ��
� ratio increases, 

changing in clay layer thickness has no significant effect on 
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bearing capacity.Also it is found from the displacement vector 
field, as the clay layer depth increase the displacement vectors  
also propagate in clay layer and almost do not enter the sand 
region and when the clay layer depth decrease the 
displacement vector also being restricted in clay layer. 
 

REFERENCES 
[1] Terzaghi K. Theoretical soil mechanics. New York: John Wiley 

andSons; 1943.  
[2] Meyerhof GG. The ultimate bearing capacity of 

footings.Geotechnique1951;2(4):301–32. 
[3] Griffiths DV. Computation of collapse loads in geomechanics by finite 

elements. IngArchiv 1989;59:237–44. 
[4] Sloan SW, Randolph MF. Numerical prediction of collapse loads using 

finite elements method. Int J Numer Anal Methods Geomech1982;6:47–
76. 

[5] Burd HJ, Yu H, Houlsby GT. Finite element implementation of friction 
plasticity models with dilation. In: Jinhong F, Murakami S, editors. 
Proceedings of the international conference on constitutive laws for 
engineering materials, vol. 2.Academic Publishers; 1989. p. 783–8. 

[6] Manoharan N, Dasgupta SP. Bearing capacity of surface footings by 
finite elements. ComputStruct 1995;54(4):563–86. 

[7] Frydman S, Burd HJ. Numerical studies of bearing capacity factor Nc. J 
GeotechGeoenvironEng ASCE 1997;123(1):20–9. 

[8] Erickson HL, Drescher A. Bearing capacity of circular footings. J 
GeotechGeoenvironEng ASCE 2002;128(1):38–43. 

[9] Berezantzev VG. Limit equilibrium of a medium with internal friction 
and cohesion in axisymmetric stress. Prikl Mat Mekh 1948;12:95–100 
[in Russian]. 

[10] Saha MC. Ultimate bearing capacity of ring footings on 
sand.M.Eng.Thesis, University of Roorkee, Roorkee, UP, India; 1978. 

[11] Saran S, Bhandari NM, Al-Smadi MMA. Analysis of 
eccentricallyobliquelyloaded ring footings on sand. Indian Geotech J 
2003;33(4):422–46. 

[12] Boushehrian JH, Hataf N. Experimental and numerical investigation of 
the bearing capacity of model circular and ring footings on reinforced 
sand. GeotextGeomembranes 2003;21:241–56. 

[13] Kumar J, Ghosh P. Bearing capacity factor Ncfor ring footings using the 
method of characteristics. Can Geotech J 2005;40(3):1474–84. 

[14] Erickson HL, Drescher A. Bearing capacity of circular footings. 
JGeotechGeoenvironEng ASCE 2002;128(1):38–43. 

[15] Hansen BJ. A general formula for bearing capacity. Bull Dan 
GeotechInst 1961;11:38–46. 

[16] Meyerhof GG. Some recent research on the bearing capacity of footings. 
Can Geotech J 1963;1:16–26. 

[17] de Beer EE. Experimental determination of the shapes factors and the 
bearing capacity factors of sand.Geotechnique 1970;20:387–411 

[18] Caquot A, Kerisel L. Traite´ de Me´canique des sols. Paris: Gauthier- 
Villars; 1949 [in French]. 

 
 
 


