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In this paper, the increased bearing capacity of the circular and
ring footings in sandy soil was investigated. Therefore, vertical
skirts were used to increase the bearing capacity of the footing.
In this regard, axisymmetric numerical modeling was
performed using the lower and the upper bounds of the Finite
Element Limit Analysis (FELA). More than 1,000 simulations
were performed using Optum®? software to ensure accurate
results. The impact of different parameters on the bearing
capacity of the ring footing was studied by considering
structural and geotechnical parameters. The factors included
the soil's internal friction angle, interaction coefficient between
the footing and the soil, radius ratio of the ring footing, and
vertical skirt length. Dimensionless design charts were used to
present the research results. Additionally, statistical analysis
was employed to derive a nonlinear regression equation for
calculating the bearing capacity of the ring footings.
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EXTENDED ABSTRACT

Introduction

A ring footing is one of the most useful structures for the foundation of chimneys, silos,
and storage tanks. A decreased use of the material is one of the crucial advantages of
utilizing such a foundation. In the present research, the possibility of increasing the
bearing capacity of circular and ring footing in sandy soil was investigated. For this
purpose, various methods were considered, among which soil reinforcement methods or
structural design methods can be mentioned. One of the most effective methods is the use
of skirt elements. Therefore, in this article, the effect of using vertical skirts to increase the
bearing capacity of the ring footing was investigated.

Methodology

To carry out the modelling in this research study and to calculate the bearing capacity
directly, the Finite Element Limit Analysis was adopted. To increase the accuracy of the
simulation, lower and upper bounds were calculated, and the average values used to
present dimensionless design charts. For this purpose, Optum62 software was used. Figure
1 shows the axisymmetric numerical simulation performed by FELA in Optum¢ software.
In order to investigate the effect of various parameters, 1000 different simulations were
performed to ensure accurate results.

25(1";:"!)

Figure 1. Model geometry and a typical FELA mesh.

When a skirted ring footing is located on sandy soil, its bearing capacity could be
affected by two categories of influential parameters; (i) geometrical features, namely, the
radius ratio (ri/ro), and the skirt element length (Ds/(ro-ri)); (i) the soil internal friction
angle (¢) and the relevant soil density (y). As mentioned, the impact of different
parameters on the bearing capacity of the ring footing was studied by considering
structural and geotechnical parameters. As a result, the bearing capacity of the skirted ring
footing can be presented as per Equation 1:

(1) P = (R s0)

y(ro—ry) - o’ (ro-19) ’

Results and discussion
In this study, failure patterns were represented by the shear dissipation contours
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obtained from the upper bound of FELA. As a sample, Figure 2 shows the effect of Ds/(ro-r:)

on the failure pattern. The values of the lower and upper bounds of FELA are also
presented.

D/(r-r)=12

P LB: g = 486273 kPa

S
O UB: q,,= 530.873 kPa

Shear Dissipation (kJ)

x/(ro—ri)
Figure 2. The effect of Ds/(ro-ri) on the failure pattern of the skirted ring footing.

To increase the accuracy of the results, the average values of lower and upper bounds of
FELA were calculated and dimensionless design charts were plotted to present the

research results. For instance, the dimensionless charts for the case where ¢=45° is
presented in Figure 3.
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Figure 3. Normalized bearing capacity of the ring footing in the frictional soil for various skirt
length (smooth footing).

Additionally, statistical analysis was employed by means of SPSS v.26 to derive a
nonlinear regression equation for calculating the bearing capacity of the skirted ring
footings. As shown, Equation 2 is a function of the radius ratio of the ring footing. For

greater illustration, Table 1 is presented in this section for the case where @=45° for
smooth footing.
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y(ro—T14) To To To
Table 1. The regression parameters of the model.
a b c d
¢ Di/lrer) Value S.E. Value S.E. Value S.E. Value S.E. ke
0.00 164.13 15.54 -207.31 21.28 -46.19 8.20 154.89 0.84 0.997
0.25 3182.14 257.09 -4650.63 352.18 1499.50 135.62 201.53 13.95 0.946
45 0.50 4659.54 27117 -6855.32 371.47 2283.22 143.04  219.70 14.72 0.967
1.00 6010.44 454.97 -8358.46 623.25 241437  240.00 375.02 24.69 0.954
1.50 8197.09 731.99 -11126.64 1002.73 302338  386.13 524.14 39.72 0.939
2.00 9729.47 1049.34  -12752.68 1437.45 303894 553.53 754.48 56.95 0.928

The comparison between the predicted normalized bearing capacity values from
Equation 2 and the measured values from the FELA are provided in Figure 4. The predicted
values were in reasonable agreement with the measured values. This was also confirmed
by the R? values shown in Table 1. Therefore, the proposed models could be used to predict
the normalized bearing capacity of skirted ring footing based on the radius ratio and the
skirt element length of the footing.
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Figure 4. The correlation between the predicted and measured normalized bearing capacity
values (smooth footing).

Conclusions
Based on the current research, the following conclusions were drawn:
1- As the radial ratio increased, the normalized bearing capacity first rose and then
declined.
2- As radial ratio increased, the footings behaved similarly to strip foundations,
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which is an important factor in reducing bearing capacity as radius ratios
increased.

Normalized bearing capacity increased significantly as the soil's internal friction
angle increased. The bearing capacity increased by approximately 22 and 26
times for smooth and rough footings, respectively, when the relative length of the
skirt element was 2 and the internal friction angle was increased from 30 to 45
degrees.

Normalized bearing capacity was maximized in larger radius ratios when the
soil's internal friction angle was increased. Therefore, it is important to note that
ring footings with a larger radius ratio can be used for soils with high internal
friction angles.

According to the results of the Finite Element Limit Analysis, the range of changes
in smooth ring footings was limited compared to rough ring foundations,
particularly at radius ratios greater than 0.5.

In both smooth and rough footings, R? values calculated by Finite Element Limit
Analysis and the estimated values derived from non-linear regression
demonstrated very good agreement.
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