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ABSTRACT: This paper presents the results of numerical studies carried out to investigate the effect of excavation on the 
adjacent circular footing. To obtain the response of the circular footing, series of numerical analyses were performed on the 
footing by incorporating varying parameters such as the footing location from an excavation, varying density of soil and depth 
of excavations. In the numerical analysis, the footing and sheet pile walls were idealized as a linear elastic materials and 
nonlinear behaviour of soils using a Mohr Coulomb model. The paper mainly discusses on the effect of excavations to an 
adjacent circular footing embedded in medium and dense sandy soil. It is observed from the results that the settlement and 
bending moment of the footing increases with increase in depth of an excavation. The location at which the effect of 
excavation on the footing is less significant as termed a safe location or critical location of the footing from excavations. The 
critical location of the footing based on settlement criteria is 1.5 m from an excavation faces in case of the footing in medium 
sand and 0.5 m in dense sand. 
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1 INTRODUCTION 

In urban areas due to heavy traffic and lack of adequate 

space has forced the civil engineers to build the new 

infrastructures very closer to an old buildings.  Also, to 

create an additional floor space to meet the increasing 

space requirements for amenities, parking and for 

housing. Hence, it is unavoidable to have an excavation 

for new construction within closer distances from old 

structures. This may cause severe soil movements in 

ground adjacent to an excavation and soil movements 

beneath an old footing behind excavations. Dinakar & 

Prasad (2014), Karthigeyan & Samanta (2011) and 

Ramadan et al. (2013) have reported that an excavation 

will cause both vertical and lateral soil movements but, 

lateral soil movement is very critical.  

The performance of old structures supported by 

shallow foundations is severely affected due to a deep 

excavation for new construction adjacent to it. A major 

problem in this case is to prevent or minimize damages 

to the footing. Footings are usually designed to support 

the vertical loads which are applied directly from the 

super structure. However, old footings may also to 

carry additional loads from an adjacent excavation for 

new construction. These additional loads on the footing 

may induce a displacement, sliding, overturning and 

rotation. It may lead to distress of the structure or even 

failure in some cases. Therefore, it is essential to 

enumerate the effect of excavations on the response of 

the footing and assessments of the damage risk become 

an essential part of the planning, design, and 

construction of footings. 

2 NUMERICAL ANALYSIS 

The finite element based numerical analyses have been 

carried out to investigate the response of footings due 

to the effect of adjacent excavations using PLAXIS3D 

software. In the numerical analysis, the project 

geometry is modeled using a top view approach i.e. 

model is extended in a vertical direction. A 3-D finite 

element mesh is generating from this project geometry. 

The input parameters consisting of soil strata, 

structures, construction stages, loads and boundary 

conditions are mainly based on the convenient 

graphical user interface, which allows a detailed and 

accurate modeling of major features. In the analysis, 

the circular footing and sheet pile wall was assumed to 

be a linear elastic material and the soil was treated as 

an elasto-plastic material, obeying Mohr-Coulomb 

failure criterion. The various material properties were 

used in the analyses is given as follow;  

Properties of medium sand: Unit weight (γs) - 17 

kN/m
3
, Elastic modulus of soils (Es) – 28000.0 kN/m

2
, 

Poisson’s ratio (μs) - 0.30, Angle of internal friction 

() – 32.  

Dense sand: Unit weight (γs) – 18.0 kN/m
3
, Elastic 

modulus of soils (Es) – 50000.0 kN/m
2
, Poisson’s ratio 

(μs) - 0.30 Angle of internal friction () – 36.  

Footing : Shape – Circular, (BF) - 1.5 m, Depth of the 

footing (DF) – 1 m, Unit weight (γF) - 25.0 kN/m
3
, 
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Young’s modulus of the footing (EF) = 27.0 x 10
6
 

kN/m
2
, Poisson’s ratio (μF) - 0.15. 

Sheet Pile Wall: Unit weight - 78.5 kN/m
3
, Length – 

10.0 m, Thickness (t) - 0.014 m, Elastic modulus – 

1.8×10
11

 kN/m
2
. 

3 PARAMETRIC STUDY 

Parametric studies were carried out after validating the 

software using the published results reported in 

Mostafa & Ashraf (2011). Figs. 1 and 2 show the 

schematic definition of the problem and the 3-d finite 

element mesh discretization respectively. A series of 

three dimensional finite element analyses were carried 

out to study the effect of excavation on the behavior of 

an adjacent circular footing by incorporating various 

design parameters. The various parameters considered 

in the analysis that includes the footing location from 

an excavation, density of soil and depth of excavation.  

The numerical analyses were carried out in eight 

different phases. In the initial phase, the in- situ 

stresses were calculated by performing a K0 analysis. 

In the phase I, the footing installation was simulated in 

the model. In the phase II, vertical load was applied 

incrementally on the footing. In the phase III, the sheet 

pile was inserted and the phase IV to phase VIII, each 

step involves the removal of 1.0 m of soil layer and 

continued until the desired depth of an excavation was 

achieved. During the excavation stages, the vertical 

load applied in phase II was remains kept as constant. 

 

Fig. 1 Schematic definition of the problem 

 

Fig. 2 3-d finite element mesh discretization  

The vertical displacement, horizontal displacement and 

bending moment of the footing with respect to various 

design parameters were interpreted from numerical 

results. The main design concern of the footing is 

whether safe against an adjacent excavation or not. 

Therefore, numerical results were interpreted to 

investigate the safe or critical location of the footing 

from an excavation face by based on the allowable 

settlement and bending moment criteria of the footing. 

3.1 DEPTH OF EXCAVATION (DE)  

Figs. 3 to 5 show the vertical displacement, horizontal 

displacement and bending moment of the circular 

footing having a diameter of 1.5 m, depth of the 

footing of 1.0 m and dimension of an excavation is 

10.0 m ×10.0 m. The results presented in figures are 

pertaining to a maximum depth of an excavation of 5.0 

m and the footing was placed at 0.5 m away from an 

excavation. 

 

Fig. 3 Vertical displacement of the footing with respect to 

the depth of excavations 
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Fig. 4 Horizontal displacement of the footing with respect 

to the depth of excavations 

Figs. 3 and 4 shows the effect of excavations on the 

footing is increasing with increase in depth of an 

excavation. It can be seen from the figures that the 

vertical and horizontal displacement of the footing is 

increasing slightly upto a 2.0 m depth of excavation 

and sharply increased beyond this depth. Similar trend 

can be seen from Fig.5 on the bending moment of the 

footing is increasing with increase in depth of 

excavations. This trend is observed to be common for 

the footing embedded in both medium and dense sandy 

soil. 

 

Fig. 5 Bending moment of the footing with respect to the 

depth of an excavation 

Further, it can be seen from Figs. 3 to 5 that the vertical 

displacement, horizontal displacement and bending 

moment of the footing is much higher for the footing 

embedded in the medium sand than in the dense sand. 

In general, it is observed that the effect of an 

excavation is very significant in case of a deeper depth 

of excavations as compared to a shallower depth of 

excavations. 

3.2 LOCATION OF THE FOOTING (XF) 

FROM AN EXCAVATION 

Fig.6 shows the view of an excavation adjacent to the 

footing with various locations away from an 

excavation. In the normal practices, footings are 

designed for vertical loads from the superstructure and 

checked for settlement of the footing to be within 

allowable limit or as prescribed by the structural design 

codes. In view of the same, the maximum vertical 

settlement and maximum bending moment induced on 

the footing due to the effect of an adjacent excavation 

were analyzed with respect to the footing located at 

different distances (XF) away from an excavation faces. 

A series of 3-D finite element analyses were carried out 

on the footing located at varying distances away from 

an excavation. The numerical results were interpreted 

to plot the curves of vertical settlement and bending 

moment versus location of the footing from an 

excavation.  

 

Fig. 6  Plan view of location of the footing from an 

excavation 

Figs. 7 and 8 show the vertical settlement and bending 

moment of the footing with respect to varying locations 

of the footing from an excavation faces. The results 

presented in the figures were pertaining to a circular 

footing having a diameter of 1.5 m, depth of the 

footing of 1.0 m and excavation dimension of 10.0 m × 

10.0 m with a maximum depth of an excavation is 5.0 

m.  

 

Fig. 7 Vertical settlement of the footing with respect to the 

location from an excavation 
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Fig. 8 Bending moment of the footing with respect to the 

location from an excavation 

It can be observed from Fig. 7 that the vertical 

settlement of the footing is reducing with increase in 

distances of the footing from an excavation. It can also 

be seen that the influence of excavation on the footing 

is more significant in case of the footing in medium 

sand than in dense sand.  

For the sake of understanding and to estimate safe 

location of the footing from an adjacent excavation, the 

maximum vertical settlement of the footing under 

vertical load is also plotted in the same figure with 

solid horizontal line. The interest here is mainly to 

investigate whether the footing designed for vertical 

load is safe against an additional load due to the effect 

of excavations or not and also to arrive a safe location 

of the footing from the excavation face. A permissible 

settlement of 50.0 mm is considered for arriving the 

safe location of the footing in sand as prescribed by IS 

code1904:1986. It can be noticed that the footings 

which falls in above the horizontal line are unsafe and 

the footings that falls below the horizontal line are safe. 

i.e., the safe location of the circular footing in medium 

sand is 1.5 m and that of in dense sand is 0.5 m based 

on allowable settlement criteria. 

It can be seen from Fig. 8 that the bending moment of 

the footing gets reducing with increase in location of 

the footing away from an excavation face. In the figure 

the straight horizontal line shows the maximum 

moment capacity of the footing. It is interesting to note 

that the bending moment of all footings fall below the 

horizontal line indicates the footing is safe against 

bending moment criteria.  

4 CONCLUSIONS 

This paper presented the numerical results to 

investigate the effect of excavations on the adjacent 

circular footing.  The following conclusions can be 

drawn from the study. 

 The effect of excavations to an adjacent 

circular footing has shown a significant 

influence on the settlement and bending 

moment of the footings. However, it depends 

mainly on the depth of an excavation. 

 The vertical displacement, horizontal 

displacement and bending moment of the 

footing are increases slightly up to 2.0 m 

depth of excavation and increase sharply 

beyond this depth.  

 The effect of excavations on the footing is 

reducing with increase in location of the 

footing away from an excavation face.  

 Safe location of the circular footing is found 

to be 1.5 m in medium sand and 0.5 m in 

dense sand based on allowable settlement 

criteria. Based on the bending moment 

criteria, the footing is safe in any location 

away from the excavation.  

 In general, the effect of excavation on the 

adjacent circular footing is very significant 

for the footing embedded in medium sand 

than in dense sand. 
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