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1. Introduction

In the present research, the elastic perfectly plastic and hardening behavior of the sandy soil, located under
the inverted folded shell strip foundation, have been modeled in Plaxis software. The analysis is based on the
Mohr-Coulomb theory. Moreover, the distribution of internal forces and the effects of variations in the width
and thickness of the shell foundations on the bearing capacity have been investigated. The results of the
numerical analysis have been compared with the analytical relations proposed by Rinaldi in 2012.

2. Methodology
2.1. Theoretical bearing capacity of inverted folded shell foundation

Rinaldi in 2012 investigated the bearing capacity of inverted folded shell strip foundation resting on sandy
soil. He investigated the bearing capacity coefficients and the ultimate bearing capacity ( ¢, ) in sandy soil and

proposed new equations for these coefficients.

2.2. Finite Element modeling

The FEM-based software package, PLAXIS, was used for the numerical modeling and analysis. In this study,
Plane strain state has been considered for the problem. A 15-node triangular element has been used to mesh
the soil media beneath the foundation. It is assumed that linear uniform load exerts to the shell foundation. The
behavior of the inverted folded shell strip foundation has been investigated. The model is based on two
different soil behaviors, namely

a) Elastic perfectly plastic model (EPP model)
b) Isotropic hardening model (IH model)

3. Results and discussion
3.1. Geometric model

Abdel-Rahman and Hanna, (1990) and Shaligram, (2011) showed that the inverted shell strip foundations
at the shell angle of 60° have the maximum bearing capacity. Based on their findings, twelve different models
with variable thicknesses and widths have been used in the present research. Fig. 1 depicts the schematic shape
of the shell strip foundations. Also the properties of the models have been given in Table 1. Finally, the
numerical results have been compared with Rinaldi's, (2012) analytical model.
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Fig. 1. Geometric shape of inverted shell strip foundation

Table 1. Properties of inverted shell strip foundation model

Model B=2b (cm) t (cm) A (cm?) In. (cm#) ElIny, (kN.cm?) EA (kN)
1 50 10 2242.6 1724789 6890000 8970
2 70 10 2442.6 1821601 7280000 9768
3 80 10 2542.6 1857638 7410000 10168
4 100 10 2742.6 1910059 7610000 10968
5 50 15 3470.1 2933035 11730000 13880
6 70 15 3770.1 3090932 12360000 15080
7 80 15 3920.1 3150617 12600000 15680
8 100 15 4220.1 3240552 12960000 16880
9 50 20 4768.8 4422666 17690000 19072
10 70 20 5168.8 4650591 18600000 20672
11 80 20 5368.8 4738378 18950000 21472
12 100 20 5768.8 4874871 19490000 23072

3.2. Bearing capacity

The numerical analysis results of the bearing capacity of inverted shell strip foundations resting on sandy
soil based on the isotropic hardening behavior is about 30% more than Rinaldi's findings, using theoretical
approach. However, in the case of the assumption of elastic perfectly plastic for soil, the numerical and
theoretical findings are almost the same. In this case, these two techniques yield to similar bearing capacity,
and for the footings with 70 and 80 cm widths, the results are nearly identical. Nevertheless, in all models as
the width increases, the bearing capacity increases too. The trend of mentioned increases is linear in all models
proposed by Rinaldi's formulation (Fig. 2).

1000

900

800

—e— |H Model
500 —o— EPP Model |
—e— Rinaldi 7
400 | | | ] I ]
50 60 70 80 90 100

B (cm)
Fig. 2. Comparison of inverted shell strip foundation bearing capacity
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4., Conclusion

1. The results of the current research revealed that the bearing capacity of inverted shell foundation
obtained from elastic perfectly plastic model analysis is nearly close to the Rinaldi findings. It can be stated that
the results are approximately the same where the foundation bears the widths of 70 and 80 cm. On the other
hand, using isotropic hardening model, the bearing capacity is 30% more than Rinaldi’s analytical model.
Therefore, utilizing elastic perfectly plastic model in numerical analysis, yields the results close to the Rinaldi’s
(2012) solution in comparison with [H model.

2. Increase in shell width causes the load bearing capacity increase as well. Increasing in foundation width
from 0.5 to 1 meter, leads to the bearing capacity increase about 30 to 40 percent.

3. Atthe same conditions, an increase in the foundation thickness has no significant influence on the bearing
capacity and the magnitude of settlement.
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