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Abstract: Obtaining bearing capacity of the footing is among the factors influencing the footings design. In this paper, the 
study of the type and depth impact of the soil granulation above the bearing capacity of the ring footing through the assistance of 
FLAC software is conducted. The failure criterion intended for the soil is Mohr-Coulomb. The study of the bearing capacity of 
ring footing of ten thousand cubic meter of Mazut tank of Mashhad Cement Company on three types of soil, topsoil, clay and 
sand has been carried out. The results indicate that the loading capacity increases by granularity becoming coarser due to the 
increase of the contact area of the granulation and the increase of friction and the soil structure stability. Also the less the poorer 
soil depth (in terms of granularity) is, the more limited subsidence is, hence the bearing capacity increases. 
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1. Introduction 

Obtaining bearing capacity of the footing is among the 
factors influencing the footings design. Nowadays, several 
numerical and laboratory studies have been carried out to 
determine the bearing capacity of shallow footings above the 
soil. In the recent years, numerical methods such as: finite 
difference method and finite elements method have been used 
widely to calculate the bearing capacity of different types of 
footings including strip, circular and rectangular, etc.[7] 

Now using ring footing underneath the structures, which 
have axial symmetry such as: chimneys, water and oil storage 
tanks, towers and silos due to economic issues is rising. 
Therefore, the calculation technique of bearing capacity of 
these footings is required to design and build them [3]. Of 
course, so far researches have also been carried out on bearing 
capacity and settlement of the ring footings, which among 
them, the studies Egorov (1965) [6] and Ohri (1997) [4] can be 
noted, which have led to the new relationship suggestions in 
this regard. Mr. Hatef and Boushehrian (2002), considering “n” 
which is equal to the ratio of internal to external radius of the 
ring footing and through studying the bearing capacity above 
the sandy soil in the laboratory condition concluded that in 
n=0.4, the bearing capacity reaches its maximum amount [2].  

By using FLAC software and with the assistance of coding, 

Wang and Zhao (2007) studied N2 coefficient on bearing 
capacity of ring footing placed on cohesion-less soil. The 
results indicated that by increasing the ratio of “n”, the 
coefficient of N  γwill also increase [9]. 

2. Definition of the Problem 

The soils considered in the research with the 
Mohr-Coulomb failure criteria include: clay, sand and topsoil, 
which have been used in various depths underneath the 
footing. The characteristics desired for different types of soils 
can be observed in table 1. In the case of the existence of 2 
layers of soil, 2, 5 and 10 meters thicknesses for the topsoil is 
considered. 

Table 1. Mechanical characteristics of soil. 

Type of 

soil 

Cohesion 

(Kpa) 

Angle 

friction 

(degree) 

Poisson’s 

ratio 

Modulus of 

elasticity 

(Kpa) 

Density 

(KN/m^3 ) 

Sand 0 3 0.28 10000 17 

Clay 25 0 0.35 20000 16 

Topsoil 1 3 0.3 8000 16 

The sample under study is ten thousand cubic meter tank of 
storing Mazut of Mashhad Cement Company, which the 
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footing underneath this tank is of ring type with the external 
diameter of 34 and internal diameter of 30 meters, the 
thickness of the footing is also 1 meter. 

 

 

Figure 1. A view of the 10 thousand cubic meter Mazut tank of Mashhad 

Cement Company. 

When soil is under steady pressure of (q), based on the 
“Terzaghi relations”, the bearing capacity of the footing 
circular shallow footing can be obtained from the following 
equation: 

    (1) 

Where (C) equals cohesion, (q) represents the equivalent 
surcharge, (Ɣ) soil density, (B) width or diameter of the 
footing and N c, N q and NƔ are bearing capacity coefficients 
related to the friction angle (�). 

In the form of ring footing Ohri et al. relation (1997) is used. 
To obtain the bearing capacity of ring footing, Ohri has 
offered a coefficient called “Ring efficiency coefficient (Fr)” 
which is equal to:  

Fr = qn /qo                  (2) 

Where (qn) equals the final bearing capacity of ring footing 
and (qo) is bearing capacity of circular footing [4]. This 
coefficient, which is applicable for both types of footing with 
variable and fixed surfaces, can be obtained through having 
(n), which is the ratio of internal diameter to external diameter 
from figure 2, as it can be seen below. 

 

Figure 2. Ring efficiency coefficient curve (Fr) in comparison to d/D (for 

variable surfaces but with identical external diameter) [4]. 

In this research, also the ratio of external diameter to internal 
diameter of the footing is shown with (n), where (n) equals 0.88 
here. Most of the researches conducted on ring footing indicates 
that in the case where n ≥ 0.7, the failure underneath the footing 
changes from the general mode to the positional mode [5], in 
this case instead of using (C) and (�), we should apply (Ć) and 
(��), which are corrected as follows [1]: 

Ć = 2/3 C                 (3) 

�� =tan-1(2/3 tan �)             (4) 

It should be noted that in a state that the tank is full, the 
pressure resulting from the weight of Mazut inside the tank is 
exerted to all the surfaces of the circle, for this reason the 
bearing capacity is calculated first in the state of n=0 and then 
for n=0.88, which is equal to the real conditions of the model, 
until finally it is specified which soil will bear the exerted 
pressure from the tank. Of course this pressure with regard to 
the density of Mazut (Ɣ=0.9 gr/cm3) and the volume of 10 
thousand cubic meter of the tank will be equal to 90000 KN. 

3. Numerical Simulation 

With regard to the external diameter and settlement 
distribution and tension underneath the footing, the bearing 
considered for this model is flexible. Modeling is done with 
the help of FLAC software, which is limited on the basis of 
Difference Method. Since the analysis under axial symmetry 
has the modeling ability of problems, which has an axis and 
the entire model studied from the rotation of a radial plate 
around symmetry axis can be modeled [10]. To analyze the 
ring footing desired, the axially symmetric condition, while 
the “Y” axis is the entire symmetry axis, the entire model 
geometric shape (including soiled bed and bearing) is modeled 
through rotation of a radial plate around “Y” axis. With these 
conditions, only the right side of the model will be studied. 

In order to estimate the bearing capacity of the footing, 
“Cross tangents” method on the graph of load-settlement is 
used. It is necessary to remind that in the state of the existence 
of 2 or 3 soil layers, an interface level between the soil layers  

to create full cohesion and uniformity between two areas 
with different zoning should be taken into account, where this 
work is done in FLAC software through assigning vertical and 
sheer rigidity of adjacent zones (unit: tension over 
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displacement) [10]. Figure 3 shows the zones intended for 3 
soil layers through exerting the interface level conditions. 

 

Figure 3. Intended zone for 3 soil layers. 

4. Analysis and Results 

Bearing capacity of ring footing on clay and sandy soil in 
modes n=0,0.88 was studied, where the load-settlement graph 
related to it can be seen in figure 4. As it is seen, the bearing 
capacity of the footing above the sandy soil is more than the 
period, when the soil underneath the footing is from the clay 
type. 

 

a) Sandy soil 

 

b) Clay soil 

Figure 4. The figure of load- settlement for clay and sand. 

In the mode of using 2 layers of soil, by considering 
different thickness for upper layers, load- settlement graph has 
been shown. 

 

a) Sandy soil on clay, n=0 

 

b) Sandy soil on clay, n=0.88 

 

c) Clay above the sand soil, n=0 

 

d) Clay above the sand soil, n=0.88 

Figure 5. Graph of load- settlement in the mode of existence of 2 soil layers. 
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Figure 6. bearing capacity graph in terms of the depth 
shows the soil layer. 

 

a) Upper layer of sandy soil 

 

b) Upper layer of clay soil 

Figure 6. Graph of bearing capacity in terms of depth. 

From the graph, the bearing capacity in terms of depth can 
be seen, when the depth of the sand layer increases, the 
bearing capacity will also increase and this is when through 
the increase of the clay layer depth, the bearing capacity 
decreases. The range of subsidence and displacements of the 
soil in the mode of 2 layers of soil can be seen in figure 7. 

 

Figure 7. Settlement in the mode of existence of 2 soil layers. 

The load- settlement graph obtained from the existence of 3 
soil layers underneath the ring footing, in a mode that the 
Topsoil depth is 2 meters and it is in the upper layer has been 
given in figure 8. 

 

a) Topsoil on fine granulated soil 

 

b) Topsoil on coarse granulated soil 

Figure 8. Subside in the mode of the existence of the 3 layer soil. 

The failure form of the soil taken place can also be seen in 
the following forms. As it can be seen in figure 9, the 
existence of coarse granulated soil underneath the Topsoil 
causes settlement being limited and ultimately, causes the 
increase of the bearing capacity. Also settlement in the 
Topsoil will afect the the clay very rapidly, when there is clay 
underneath it and this is when settlement above the coarse 
granulated sandy soil is very little. 

 

a) Topsoil on clay soil 
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b) Topsoil on sandy soil 

Figure 9. Soil failure in the mode of exerting load. 

5. Discussion and Conclusion 

Numerical simulation to estimated bearing capacity of ring 
footing on 1, 2 & 3 soil layers in different depths exists. topsoil, 
clay and sandy soil with “Elasto-plastic” behavior and based 
on the Mohr-Coulomb “Yield criteria” was the granules with 
each other and as a result of the increase of the friction and soil 
structure stability. About the 2 layers of soil, the bearing 
capacity of the footing in two modes n=0 and n=0.88 above 
the sandy soil is much more than the time, when the soil 
underneath the footing is of the clay type. Also with the 
increase of the clay layer depth, the subsidence will be more 
and the bearing capacity will decrease. symmetric conditions 
was calculated. The calculations show that the bearing 
capacity has increased by coarsening of garrulity bearing 
capacity with the help of FLAC software in the axially. 
modeled and the reason can be the increase of the contact 

surface of In the mode of 3 layers of soil the results indicate 
that with the decrease of the depth of the weaker layer (in 
terms of granulation) the failures will be restricted and the 
tolerance of the soil under the pressure will be more. 
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