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1. Introduction

There are a few attempts attributed to the bearing capacity or the settlement of neighboring foundations.
Such foundations are often frequently confronted in urban areas where the footings of adjacent buildings are
inevitably placed close to each other. Once it happens, the interaction of the stress influenced zones of
neighboring footings causes the failure to be initiated often later than that of a singular footing and this effect
is sometimes called “blocking” (e.g. Stuart, 1962; Hataf and Naderi, 2014). This research is focused on the study
of the bearing capacity of multiple shallow foundations. This problem represents the problem of the
neighboring shallow foundations placed closely spaced over the ground surface. A numerical study by means
of the finite element technique has been made and the results are first verified with an experimental study
conducted by (Kumar and Bhoi, 2008) and then, a systematic analysis has been performed to present some
design charts.

2. Methodology
2.1. FE modeling

To further study the effect of neighborhood on the behavior of shallow foundations, the finite element
method has been utilized. An elasto-plastic finite element analysis was made with the conventional Mohr-
Coulomb yield criterion. It is worth mentioning that advanced soil models could have been considered;
however, they would need many soil parameters which cannot be always easily determined in practical
problems.

The finite element model was first verified for a series of available data. To do so, an experimental study
made by Kumar and Bhoi (2008) on three closely spaced footings was modeled. Kumar and Bhoi (2008)
conducted a series of laboratory footing load tests on three small scale footings on dry sand.

3. Results and discussion

3.1. Effect of spacing between footings on the bearing capacity

It is evident that, as both experimentally and numerically can be observed, the bearing capacity decreases
as the distance ratio increases. In essence, it can be attributed to the increased passive force, as if the
neighboring footing pressure increases the surcharge pressure and hence, the bearing capacity. This resistive
effect decreases with further increase in footings distance. At reasonably long distance, the footings act as
individual (singular) footings.
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3.2. Bearing capacity ratio

To further conduct this study, a series of systematic analyses were made to find the bearing capacity ratio
for a system of multiple neighboring foundations.

It can be observed that the normalized bearing capacity factor, ,, decreases with both the distance ratio,
s/B and the soil friction angle. It could have been anticipated qualitatively as the increase in the soil friction
angle makes the failure mechanism larger and hence the interaction of two neighboring footings more effective
even for footings located farther. There is an important note, i.e. the bearing capacity factor, N, is nota function
of the footing size. In fact, this factor is the same for footings of different sizes, at least when the effect of size
(or stress level), nonlinear soil models, etc. are not involved in modeling. Hence, the factor 8, may appear at
first glance to be precisely equal to unity when the footings are attached to each other (i.e. fors/B = 0).
However, this is not the case for multiple footings as it can be seen from the results. The reason is that the factor
By is computed as the ratio of the average bearing pressure of the central footing to a single footing. When the
footings are very close to each other, the central footing will bear a rather higher average pressure than the
two in either side and hence, it will fail under a higher pressure that the one corresponding to a single
foundation of width equal to 3B.

Fig. 1. shows the variations of the normalized bearing capacity factor, s = N,,,,/N, versus the distance
ratio for a common range of soil friction angle.
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Fig. 1. Variations of S;with the factor s/B for a common range of soil friction angle

4., Conclusions

In spite of a rather great number of efforts on the estimation of the bearing capacity of singular foundations,
there are very few attempts, either numerically or experimentally, on the behavior of neighboring foundations.
As it is practically an important issue, in particular in urban areas, this study has been focused on the bearing
capacity of neighboring foundations on the surface of sand. An elasto-plastic displacement-controlled finite
element analysis was made to first model some available laboratory footing tests and then to systematically
find the effect of distance ratio on the ultimate pressure of neighboring footings. Comparisons indicate that the
numerical modeling complies reasonably with experimental data. Some graphical results were also developed
to show the variations of the normalized bearing capacity factor, S, for surface footings. This normalization
makes it easy to estimate the bearing capacity of multiple footings based on the bearing capacity of a single
footing by any arbitrary bearing capacity factor found in the literature (regardless of the method). Observations
showed that there is a decreasing tendency for this ratio as the distance ratio, s/B, increases. More to the point,
the influence of the distance becomes more pronounced as the friction angle increases. The reason can be
attributed to the size of the failure zone formed beneath the footing and for higher friction angles, this zone
grows in size and hence, the effect of the adjacent footing will become more significant, even in far distances.
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