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ABSTRACT 
 

When two or more individual footings are placed very close to each other on sandy soil, the bearing 
capacity of each individual footing increased compared to that of a single isolated footing and this 
phenomenon is known as ‘footing interference’. However, interference of footings on clayey soil is one 
of the grey area in the geotechnical engineering field where there is no consensus exist amongst 
researchers. To discover the actual behaviour of two closely spaced surface strip foundations on a 
clay deposit, a small-scale experimental study, was carried out at UNSW@ADFA lab with two footings 
placed at different spacings between them. The monitoring of the movement of soil between the 
model footings confirmed that interference occurred as the footings approached each other and the 
bearing capacity of the interfering footings on the clay bed could be increased by up to 30% if they 
were placed at a clear distance almost equal to width of the footing. 
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1 INTRODUCTION 
 

Shallow foundations are the most common form of foundation used to support structures on sites with 
good soil conditions and it is not unusual to use them on those with poor soil conditions (e.g., the 
existence of a thick clay deposit), especially with raft or mat foundations. Although shallow 
foundations, such as spread or strip footings, are not commonly used on a thick clay deposit due to 
their low bearing capacity, several ground improvement techniques have been proven to be effective 
for accommodating them. However, the bearing capacity of individual spread footing can also be 
improved by placing them at particular spacings so that they can interfere with each other and act as 
a group; this is known as ‘footing interference’. 
‘Footing interference’ is a phenomenon in which two or more closely spaced footings are influenced 
by each other and the behaviour (e.g. ultimate bearing capacity, settlement, tilt and failure 
mechanism) of each individual footing is altered compared to that of a single isolated footing. 
Depending on the distance between adjacent footings, the degree of influence on the above 
behavioural characteristics varies. 
It is well established both experimentally and analytically that, for granular soils such as sand, when 
the spacing between interfering footings is reduced, the bearing capacity of each individual footing 
increases and there is a critical spacing for which the maximum bearing capacity can be obtained. As 
conducting experimental research with cohesive soils (such as clay) is much more difficult in terms of 
handling, time consumption and reproducibility, only a few analytical studies of ‘footing interference’ 
on clayey soils are available in the literature but they present controversial findings (details are 
presented in the literature review section). For this reason, the effect of ‘footing interference’ has not 
yet been considered in practice for the design of shallow foundations (i.e., spread or strip footings) on 
clayey soil due to the lack of experimental evidence and the misleading analytical results published by 
previous researchers. 
In order to uncover the actual behaviour of two closely spaced surface strip foundations on clay 
deposits, small-scale experimental study with footings placed at different spacings were carried out in 
the Civil Engineering lab at University of New South Wales (UNSW@ADFA). In this investigation, it 
was found that the bearing capacity of each individual footing increased (similar to granular soil) when 
the spacing between the interfering footings was reduced and that there was a critical spacing for 
which the bearing capacity became maximum. 
 

 
2 LITERATURE REVIEW 
 

The study of ‘footing interference’ began in the 1960s and, since then, a number of theoretical and 
experimental studies have been carried out by many researchers with the aim of understanding the 
behaviour of closely spaced footings, mostly on sandy soil. In its early stage, Stuart (1962) performed 
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several experiments with two surface strip footings placed on sand bed at varying spacings. In his 
pioneering investigation using both physical model study and limit equilibrium analysis, he showed 
that, when two interfering footings on sand approach each other, the bearing capacity of each 
individual footing increases. However, based on analysis (without any experimentation), he proposed 
that interfering surface strip footings on clay bed (i.e., φ = 0) do not exhibit any change in bearing 
capacity as they approach each other. After Stuart’s (1962) comments, no experimental study was 
carried out for a long time to investigate whether or not ‘interference’ increases the bearing capacity of 
footings on clayey soils. 
Analysis of two-footing systems conducted by other researchers also support Stuart’s (1962) findings 
regarding ‘footing interference’ on clay; for example, Griffiths et al. (2006) performed an analytical 
study in which the behaviour of two parallel, rough, rigid strip footings on weightless cohesive soil 
were examined. The results of this probabilistic study showed that, for a homogenous fine-grained 
undrained soil (i.e., clay), the effect of ‘interference’ on the bearing capacity increment of two closely 
spaced footings is insignificant. A similar finding was also observed recently by Kumar and 
Bhattacharya (2010) who used lower bound finite element limit analysis to show that, for both smooth 
and rough surface strip footings, the increase in bearing capacity due to footing interference ceases 
with a decrease in the friction angle (φ) of the soil and, eventually, no increase in bearing capac ity is 
observed for soil with φ = 0 (i.e., clay). 
However, Mandel (1963), who researched concurrently with Stuart (1962), studied both three and two 
footing system on clayey soil and obtained optimistic findings regarding bearing capacity improvement 
due to footing interference. The results from his analytical study showed almost 50% increase in 
bearing capacity for a three-footing system whereas, for a two-footing system, the improvement is 
marginal. Following Mandel (1963), researchers such as Das et al. (1993) and Hazell (2004) tried to 
conduct physical model tests on interfering footings using clayey soil. Hazell (2004) couldn’t perform 
sufficient number of tests, since he used slurry consolidation method which is time consuming, 
causing inconclusive experimental results of his study. However, his analytical results showed that the 
bearing capacity of interfering footings on clayey soil increase when the spacing between them 
decreases up to a critical value; this is a totally opposite view to that of Stuart (1962). On the other 
hand, Das et al. (1993) carried out a large number of small-scale physical model tests to investigate 
the behaviour of two closely spaced surface strip footings supported by a layer of dense sand 
underlain by a soft clay layer, but no test with clay alone was conducted by them.  
For frictional soil such as sand, it is well established that the bearing capacity of interfering footings 
increased when the spacing between them is reduced. However, for footings on the surface of a fine-
grained undrained soil such as clay, interference due to their proximity is much less pronounced. As 
there is no common consensus among researchers on this issue, more experimental and numerical 
studies of the footing interference problem on clay are required. For this reason, a series of small-
scale physical model tests were carried out to investigate the exact amount of bearing capacity 
change on a clay bed, if any, due to footing interference. 
 

 

3 EXPERIMENTAL SETUP 
 

3.1 Apparatus 
 

A rigid steel tank, with inside dimensions of 1100 mm × 500 mm × 800 mm (length × width × depth) 
which were believed to be sufficient to ignore the boundary effect, was used to carry out these model 
tests. Two model strip foundations (box section with rough base) having dimensions of 490 mm × 100 
mm (length × width) were used and placed at four different spacing between them. An I-section 
holding beam, which had a series of holes in its bottom flange, was used to bolt the model footings 
together at the desired spacings. On top of this holding beam, there was a slot in the middle which 
accommodated a spherical seat with respect to which the footings were symmetrically located (Figure 
1). This ensured an equal distribution of the applied load on each individual footing. The vertical load 
was applied manually using a CBR jack at a rate 1 mm/min through the spherical seat. The reaction 
frame was bolted to the tank base and held a horizontal sliding beam which, along with the spherical 
seat, ensured the applied load was perfectly vertical without any moment.  
A single low-profile load cell was placed between the spherical seat and sliding beam to measure the 
total load applied on both model footings, each of which was considered to receive half the total load.  
A total of ten LVDTs were used, 4 to measure vertical deformations of the footings and 6 for 
measuring both vertical and lateral deformations of some selected points on the soil’s surface, i.e., the 
middle point between the two footings and 100 mm from the outer faces of the footings. L-shaped 
LVDT seats with auger-type pegs were inserted into the clay bed on the selected points and LVDTs 
were placed both vertically and laterally on them (Figure 1, enlarged view). 
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Figure 1. Details of test setup (not to scale) 

 
3.2 Testing material and Preparation of clay bed 
 

Industrially available kaolin clay was used as the foundation soil in this testing program. The Standard 
Proctor compaction test, performed in accordance with AS 1289.5.1.1, indicated that its maximum dry 
density (MDD) 1360 kg/m

3
 and its corresponding optimum moisture content (OMC) 32.5%. Its liquid 

limit and plastic limit were found to be 84% and 34% respectively. The particle size distribution of this 
clay obtained by using laser particle analyzer is shown in Figure 2. This soil was classified as CH - 
high plasticity clay - according to the Unified Soil Classification System. 
 

 

Figure 2. Typical grain size distribution of foundation soil. 
 
To prepare clay bed, the clay was first mixed in a large mixing machine with the amount of water 
required to obtain its OMC. After that, it was kept in several small containers in airtight conditions to 
allow uniform moisture distribution. Then, the amount of moist clay required to make 100 mm thick 
layer with maximum density was placed in the test tank and compacted using a flat-bottomed dynamic 
compactor. In this process, the whole tank was filled in 8 layers at a constant bulk density of 1802 
kg/m

3
 and this density was kept constant for all the tests reported in this paper. The compaction 

operation was performed carefully to ensure that approximately the same specific compaction energy 
was used for each test and was uniformly distributed over the compacted surface of each layer. 
 
4 TEST PROGRAM 
 

After preparing the clay bed, the model foundations were placed on top and the surface exposed to 
the atmosphere was covered with a thin polythene sheet to restrict any moisture loss during test runs. 
In this test program, the centre to centre distance between the model footings (S) was varied from 4B 
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(maximum spacing between the footings) to 1B (no spacing between the footings), where B is the 
width of the model footing (100 mm). All the LVDTs and the load cell were placed in the manner 
mentioned in the earlier ‘Experimental setup’ section and load was applied using CBR jack. Since the 
footings on the clay bed did not show any peak load, i.e., a punching type failure occurred, the 
application of load was stopped after a significant amount of settlement had been achieved. 
 
5 TEST RESULTS 
 

The load-settlement plots of a rough strip footing on the surface of the clay bed in the proximity of 
another twin footing placed at different spacings from each other are shown in Figure 3. The footings 
were placed at centre to centre distances of 4B, 3B, 2B and 1B, where B is the width of footing. In 
order to compensate for the bedding error, the initial portions of these load-settlement curves (from 
loads 0 to 75 kPa) were replaced by straight lines and adjusted accordingly. The equations of these 
straight lines were obtained from the corresponding load-settlement curves for loads between 75 and 
125 kPa. The main reason for choosing this particular loading range was because all the raw load-
settlement curves were found reasonably straight within it. 
 

 
Figure 3. Changes in load-settlement plots of model footings with different spacings 

 
As shown in Figure 3, all load-settlement plots present a punching kind of failure, i.e., there was no 
peak load which could be taken as the failure load, the load at a particular footing settlement could be 
considered the bearing capacity of the footing. Table 1 shows the bearing capacities  (q) in kN/m

2
 of 

the footing at different settlement values obtained from Figure 3. From table it  can be noticed that, 
irrespective of the settlement values for which the failure loads were taken, the bearing capacities of 
the interfering footings became maximum at spacing 2B. To fully understand the changing pattern of 
the bearing capacity, the term ‘efficiency factor’ (η), which is defined as the ratio of the bearing 
capacity of an interfering footing to that of a single isolated footing, is required. To establish it, firstly, 
the bearing capacity of an isolated footing needed to be determined. However, when we placed two 
interfering footings side by side (i.e., 1B spacing), they acted as a single footing. The efficiency factors 
calculated from Table 1 are also presented in the same table along with bearing capacities. Finally the 
variations of efficiency factor with spacings were plotted in Figure 4. 
 

Table 1. Bearing capacities (q) and efficiency factors (η) of footing at different spacings 
 

 Footing displacement (mm) 
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 10 15 20 25 

1B 162.06 1 198.81 1 228.19 1 248.14 1 

2B 218.61 1.35 257.72 1.3 290.19 1.27 319.41 1.29 

3B 204.19 1.26 247.67 1.25 281.04 1.23 306.44 1.23 

4B 179.62 1.11 227.56 1.14 257.66 1.13 275.53 1.11 

 q η q η q η q η 
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Figure 4. Variations in efficiency factor of model footings with spacings 

 
From this figure it is clear that as the spacing between the interfering footings increased, the efficiency 
factor first increased to an average maximum value of 1.3 at S/B ratio of a little  over 2 and then tried 
to come back to unity. It should be noted that, due to the side boundary effect we couldn’t perform test 
with higher spacing between the interfering footings. So it couldn’t be shown the exact point at which 
the value of the efficiency factor became unity, i.e., there was no interference between the footings. 
 
The movement of selected points on the soil surface are shown in the following figures. Vertical 
deformations at the mid-point between the interfering footings placed at different spacings are shown 
in Figure 5, from which it is clear that, at larger spacing (i.e., 4B), the soil between the interfering 
footings constantly moved upwards as the footing load approached failure. On the other hand, at 
closer spacings (i.e., 2B and 3B), when the footing pressure increased, the soil between the 
interfering footings first moved downwards along with the footings to a certain level and then moved 
back upwards. Some additional repeated testing also showed similar patterns with little difference in 
the displacement values. This observation again confirms that the interactions happening between the 
footings on a clay bed and footing interference is not unique to sandy soil only. 
 

 
Figure 5. Vertical deformations of soil between interfering footings at different spacings 
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The vertical and lateral deformations of point located at the 100 mm outer side of each of the 
interfering footings are shown in Figures 6 a) and b) respectively. As expected, they moved constantly 
upwards and outwards (although at varying degrees) as the footing load approached failure. 
 

 
a)      b) 

Figure 6. a) Vertical and b) lateral deformations of 100 mm outer points at different spacings 
 
6 SUMMARY AND CONCLUDING REMARKS 
 

The experimental study reported in this paper clearly shows that the interference between closely 
spaced footings on the surface of a clay bed can increase the bearing capacity of the foundation soil. 
However, the amount of this bearing capacity improvement is relatively low compared to that 
experienced by footings on sandy soil, where in some cases the bearing capacity may increases up to 
twice its original capacity, as reported in the literature. In our investigation, it was found that the 
bearing capacity can be increased up to 1.3 times for clayey soil which can’t be ignored from an 
economic viewpoint. The optimum spacing at which this maximum bearing capacity could be obtained 
was a little over 2B centre to centre distance (i.e. clear distance of B between the footings). 
As mentioned earlier, studying the behaviour of interfering footings placed on a pure clay bed has 
been ignored by previous researchers. One possible reason behind this might be the fact that spread 
or strip footings are not traditionally used on clay deposits (fearing differential settlement), instead mat 
foundations are common in that situation. But when foorings are placed at a close spacing and act as 
a group, the possibility of differential settlement is less. Thus, cases where the use of a mat 
foundation leads to a very high factor of safety for foundation design, the foundation design could be 
made economically efficient by using a group of spread footings at clear spacings almost equal to the 
dimensions of the footings. In this way, it would be possible to save more than 50% of concrete while 
enjoying a 30% increase in bearing capacity of the foundation soil (clay). Thus, the use of interfering 
footings could be a more efficient way (by reducing the concrete area) of designing foundations in a 
situation which does not require the whole area to be covered by concrete with a mat foundation. 
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