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ABSTRACT: The study pertains the behaviour of two closely spaced strip footings resting on the surface of the semi-infinite 

clay soil medium. The effect of interference on characteristic behaviour like bearing pressure, settlement and tilt are 

observed using two dimensional plane strain finite element analysis. The foundation soil medium is modelled using Mohr - 

Coulomb soil model that follows linear-elastic perfectly-plastic behaviour using finite element analysis software PLAXIS. 

The soil domain is discretized into 15-noded triangular elements with fine meshing in vicinity of the footings and coarser 

meshing towards boundary of the domain. Parametric study is performed by varying the clear spacing between the footings 

and depth of the footings; their effect on the load-settlement characteristic, variation of settlement and bearing pressure with 

clear spacing are studied. The results are presented in terms of non-dimensional efficiency factors defined as the ratio of 

settlement/bearing pressure of interfering footings to that of the isolated footing. It is found the interference affect the 

performance of isolated footing. The bearing pressure is found to decrease with decrease in clear spacing between the 

footings and in contrast, the settlement is found to increase compared to that of the isolated footing. The results may help in 

finding the minimum spacing between the footings for better performance.  
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1 Introduction 

Lack of construction site, rapid urbanization, structural 

restrictions, etc. may enforce the structure or the 

foundations or group of foundations to come up ever 

close to each other. Such situations may lead to 

interference phenomenon; wherein the stress zones 

below the foundations may overlap each other causing 

distraction in the failure mechanism, settlement and 

bearing capacity responses of the footings in 

comparison with that of the isolated footings. The 

observation of such phenomenon was first reported by 

Stuart (1962); the study was carried out using limit 

equilibrium method on ultimate bearing capacity (UBC) 

of two closely spaced strip footings resting on the 

surface of cohesion-less medium. However, the 

momentum gained only in recent years using both 

numerical/theoretical and experimental analysis and the 

same are highlighted by Nainegali 2013a. Thereafter, 

many researchers (Srinivasan and Ghosh 2013, 

Nainegali et al. 2013b, Eltohamy and Zidan 2013, 

Naderi and Hataf 2014, Noorzad and Manavirad 2014, 

Ghosh et al. 2015) have reported on different aspects of 

the problem. Subsequently, it has been observed that the 

UBC of the interfering footings increases with decrease 

in spacing and attains a peak at certain critical spacing 

and the same is true for settlement at failure. UBC and 

settlement of the interfering footings is observed to be 

greater than that of the isolated footing having similar 

properties. However, from the literature it has been 

noted that most of the studies have been carried out for 

two or more interfering footings resting on the surface 

of cohesion-less soil medium and very few attempts 

have been made for footings resting on the clay as 

foundation medium. Henceforth, the studies are carried 

out to observe the effects of interference on the two 

nearby strip footings resting on the surface and 

embedded in clayey soil medium. 

2 Problem Definition 

Fig. 1, shows two nearby symmetrical strip footings of 

width, B placed at a clear spacing, S loaded 

simultaneously with the uniform load intensity, q while 

embedded in semi-infinite, homogenous and dry clay 

soil medium. The analyses are performed by varying the 

clear spacing ratio (S/B) between the two footings 

resting on the surface (D/B = 0) and embedded (D/B = 

1) in clay medium. The effect of interference on the 

bearing capacity, settlement and tilt of the footings 

against the clear spacing between the footings have been 

studied considering the parameters presented in Table 1. 

3 Numerical Modelling 

3.1 Modelling  

The analyses have been performed considering plane 

strain problem, since length of the footing is assumed 

long enough in comparison with the width of the 

footing. The commercial finite element software 

PLAXIS 2D, 2016 is used for modelling two nearby 

strip footings resting on the homogenous semi-infinite 

clay deposit. 

mailto:lohitkumarsn@gmail.com
mailto:anupge@gmail.com


Interference of Two Nearby Footings Resting on Clay Medium 

2 

 

Fig. 1. Problem definition. 

Table 1. Soil properties and the varying parameters. 

Soil Properties 

Parameter Value 

Young’s Modulus (E) 2000 kN/m2 

Poisson’s ratio (υ) 0.3 

Unit weight (γ) 16 kN/m3 

Cohesion, c 40 kN/m2 

Friction angle (ϕ) 00 

Varying Parameters 

D/B = 0.0 (surface footing), 1.0 (embedded footing) 

S/B = 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0 

The foundation soil is considered to obey Mohr-

Coulomb model that follows linear-elastic perfectly 

plastic behaviour. The surface footings are modelled 

using the plate elements which are based on the 

Mindlin’s beam theory with the bending stiffness, EA = 

2.35e8 kN/m and axial stiffness, EI = 1.958e7 kN m2/m 

while the embedded footings are modelled using the 

linear elastic non-porous type of material, with Young’s 

modulus, E = 2.496e7 kN/m2 and Poisson’s ratio, υ = 

0.2. The base of the footings are considered rough. The 

foundation soil domain is discretized using 15-noded 

triangular elements in association with the fine meshing 

near the vicinity of the footings. Since the interfering 

footings are symmetrical with respect to both geometry 

and loading and hence only half of the foundation 

domain is considered for the analyses assigning proper 

boundary conditions; both vertical and horizontal 

displacements are restricted for the bottom horizontal 

boundary whereas only the horizontal displacements are 

restricted for the vertical boundaries. Prior to the 

calculation, initial stresses of the soil due to its own 

weight have been generated using the K0 procedure 

based on Jaky’s formula. 

3.2 Sensitivity Analysis 

Sensitivity analyses (Nainegali et al. 2013a) are carried 

out for foundation domain size and mesh to optimize the 

computational time and effort without affecting the 

accuracy of the results. Considering S/B = 0.5, the far 

domain in the horizontal, x and vertical downward, z 

direction are varied between 8B to 12B and 10B to 12B, 

respectively. Thereafter, the farthest domain in x 

direction have been chosen to be 12B from the outer 

edge of the footing and that in z direction is chosen to be 

12B below the base of the footing for both surface and 

embedded footings. As an example the load-settlement 

curves of the footing varying domain size in x direction 

with S/B = 0.5 and z/B = 12B are shown in Fig. 2 and it 

can be observed that between 11B and 12B (x direction) 

the domain have very negligible effect. A fine meshing 

scheme of PLAXIS 2D, 2016 have been adopted in the 

present analysis apart from finer meshing in vicinity of 

the interfering footing. 

 

Fig. 2. Load-settlement curve varying domain in x 

direction. 

3.3 Validation 

Prior to the analysis of the above said problem, the finite 

element model is validated for isolated surface footing, 

surface and embedded interfering footings. With the 

properties as mentioned in Table 1, the UBC of isolated 

surface footing obtained from the present finite element 

analysis is 215.6 kN/m2 and that obtained from the 

Meyerhof (1963) theory is 208.3 kN/m2, the solution of 

present analysis is on higher side by 3.5%. Next, the 

load-settlement curve of interfering surface footings 

placed at S/B = 0.5 is compared with that of Nainegali 

et al. (2013b), considering the same properties of soil, 

footing and domain of Nainegali et al. (2013b) and the 

same is shown in Fig. 3. It can be observed (Fig. 3) that 

the load-settlement curve obtained from the present 

analysis match well with that of Nainegali et al. (2013b) 

and the small difference may be due to choice of finite 

element type and meshing scheme; however the UBC 

obtained from the present analysis is 6.08% lesser. 

Similarly, validation has been carried out with that of 

Vivek (2011) for embedded (D/B = 1.0) interfering 

footings placed at S/B = 0.5 using their properties and it 

has been observed that the load-settlement curve of 

present analysis and that given by Vivek (2011) has 

reasonably matched and the UBC obtained differed by 

4%. However, due to space and brevity the validation of 

the same has not been presented. 

4 Results and Discussions 

4.1 Bearing pressure variation with the spacing 

Varying the clear spacing between the two footings, the 

load-settlement curves obtained for the interfering 

surface (D/B = 0.0) and embedded (D/B = 1.0) footings 
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are shown in Fig. 4 and 5, respectively for different S/B 

ratio. It can be observed that, the load-settlement curves 

of surface interfering footings (Fig. 4) do not show clear 

distinction with the isolated footing as that reported in 

literature for footings on cohesion-less soil medium. The 

same is true with the embedded interfering footings (Fig. 

5) with small distinction observed for S/B = 0.5 

compared with isolated footing. 

 

Fig. 3. Validation with Nainegali et al. (2013b). 

The UBC of interfering footings compared to that of 

isolated footing is not significant for footings on clay 

soil medium. At S/B = 0.5, a difference of 2.8 % and 

9.12 % in UBC with that of isolated footing is observed 

for D/B = 0.0 and 1.0, respectively. However, for 

footings on cohesion-less soil medium, the variation of 

UBC is quite significant as observed from the literature. 

As an example the study conducted for two closely 

spaced strip footings on sand by Kumar and Bhoi (2009) 

showed that, at S/B = 0.14 the efficiency factor observed 

is 1.63 which is approximately 60% predominant as 

compared with isolated footing. Also, as seen from the 

results of Kumar and Saran (2003) for two nearby strip 

footings on sand, the efficiency factor for S/B = 0.5 is 

about 1.75 which is approximately 75% predominant. 

Further, the effect of interference on bearing pressure 

corresponding to allowable settlement of 50 mm (IS 

1904-1986) is studied. The variation of the same in non-

dimensional factor ‘bearing ratio’ (defined as the ratio 

of bearing pressure of interfering footing to that of 

isolated footing both measured corresponding to 

allowable settlement of 50 mm) against S/B ratio is 

presented in Fig. 6 for both surface and embedded 

footings. It can be seen that at S/B = 0.5, the bearing 

ratio is less than one. It indicates that the bearing 

pressure of interfering footing is less than isolated 

footing, measured corresponding to allowable 

settlement and increases with increase in S/B ratio 

attaining one at S/B  = 5 and more. It is observed that 

decrease in bearing pressure at S/B = 0.5 is 25.4 % and 

36 % for D/B = 0.0 and 1.0, respectively. 

4.2 Settlement variation with the spacing 

Fig. 7, presents the variation of settlement ratio (defined 

as the ratio of the settlement of interfering footing to that 

of isolated footing, measured corresponding to the 

pressure of isolated footing against allowable 

settlement) with respect to spacing ratio for both surface 

and embedded footings. It can be seen that, the 

settlement ratio is greater than one (signifying 

settlement of interfering footing is greater than isolated 

footing) and decreases with increase in S/B ratio and 

reaches a value of one at S/B = 5 and more, wherein 

footings can specified to be acting individually. It is 

noted that increase in settlement at S/B = 0.5 is about 

36% and 62% in case of surface and embedded footings, 

respectively, which is significant. 

 

Fig. 4. Load-settlement curves for D/B = 0.0 footings.  

 

Fig. 5. Load-settlement curves for D/B = 1.0 footings 

4.3 Tilt of the footings 

It is observed that, the settlement at base of the footing 

is non-uniform, which influences the tilt of the footing; 

however, uniform settlement is observed for isolated 

footing. Maximum and minimum settlement is 

respectively observed at inner and outer edge (tilt in 

footing occurs towards each other) of the interfering 

footings and is illustrated in Fig. 8. For the analysis, ‘tilt 

ratio’ is defined as the ratio of settlement difference at 

inner and outer edge to the width of the footing is 

considered. The variation of tilt ratio with S/B ratio is 

presented in Fig. 9 for case of D/B = 0.0 and 1.0 and can 

be observed that the tilt decreases with increase in S/B 

ratio. At S/B = 0.5 significant tilt occurs in footing 

which is noteworthy for practical considerations. 
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Fig. 6. Variation of bearing ratio with S/B ratio. 

 

Fig. 7. Variation of settlement ratio with S/B ratio. 

 

Fig. 8. Tilt of the footing. 

 

Fig. 9. Variation of tilt ratio with S/B ratio. 

5 Conclusions 

The studies on two nearby surface and embedded strip 

footings are carried out on homogenous clay medium. 

The effect of interference for footings on pure clay 

medium is very negligible with respect to UBC, while 

the effect is noticeable for the bearing pressure and the 

settlement measured in the allowable range. Moreover, 

it is noticed that significant tilt occurs for the footings 

placed very close to each other. In the zone of major 

interference (S/B = 0.5) decrease in bearing pressure and 

increase in settlement is noticed compared to that of 

isolated footing, measured at allowable settlement and 

pressure, respectively. 
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