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Abstract. In the present research, the overall response of interacting skirted strip footings resting on soft
clayey soil over dense sand has been numerically investigated with the aid of ﬁnite element. The load carrying
capacity of interfering skirted strip footings has been assessed by altering different geometrical and geotechnical
parameters namely, depth of clayey layer, depth of water table, embedment depth of footing and spacing
between footings. The interacting mechanism of skirted strip footings has been perceived through displacement
mechanism. Moreover, the bending moment patterns of interfering skirts have been investigated for various
spacings. Finally, the critical spacing, the spacing after which the interfering skirted strip footing behaves as
isolated skirted strip footing, has been assessed through changing various geometrical and geotechnical
parameters. It has been observed that changing of water table depth has no impact over critical spacing of skirted
strip footings. It has been perceived that the extreme bending moment in interfering skirt increases with
increasing the spacing between skirted strip footings up to critical spacing and beyond critical spacing the
obtained maximum bending moments are identical.
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1. Introduction
Skirted foundation is a matter of attention for geotechnical
practitioners and researchers. In a situation where the
required load carrying capacity of shallow footing is not
obtained due to low bearing capacity of soil such as presence of loose sand, skirt may be provided to the footing for
attaining enhanced load carrying capacity. Skirts improve
load carrying capacity of shallow footings by providing
passive resistance to foundation system through reinforcing
effect. Extensive research has been done on load carrying
capacity and bearing capacity (BC) estimation of isolated
shallow footing locating on horizontal ground. Research
done on interacting shallow footings is rather limited
compared to isolated shallow footings. In this matter, Stuart
[1] had investigated experimentally the efﬁciency factors
for interfering strip footings located on sand as well as
clayey soil. Efﬁciency factor had been deﬁned as the ratio
of bearing capacity of interfering footing to the bearing
capacity of isolated footing. Design charts are provided for
efﬁciency factors. Scholars [2–8] had experimentally and
numerically investigated the settlement for interfering
shallow footings namely, strip, square and circular footings
located on sand or clay. Interacting mechanism for shallow
footings had also been investigated. It had been revealed
that the settlement of interfering footings had been
increased with decreasing the spacing. Acharyya and Dey [9]

and Acharyya and Dey [10] had investigated numerically the
impact of slope on the interfering bearing capacity of strip
footings resting on or near the slope with the aid of Plaxis
3D. The input and output data had been used in the artiﬁcial
neural network (ANN) and an expression had been provided for estimating the interfering bearing capacity.
Interacting mechanism of strip footings had been shown
with the aid of total displacement and revealed that critical
spacing is 3 times the width of the footing.
Hu et al [11], Micic et al [12], Bransby and Yun [13],
Vulpe et al [14] and Zou et al [15] had numerically
investigated the load carrying capacity and failure mechanism of skirted shallow footings resting on clay by considering combined loading namely, vertical, horizontal and
moment. It had been revealed that the settlement of the
footing and deformation of soil between the skirts had been
reduced signiﬁcantly. Al-Aghbari and Mohamedzein [16],
Eid [17], EL-Wakil [18], Al-Aghbari and Mohamedzein
[19] and Al-Aghbari et al [20] had experimentally and
numerically investigated the bearing capacity and settlement of skirted shallow footings for vertical as well as
inclined loads. The bearing capacity equation had been
proposed for skirted shallow footings. It had been declared
that the bearing capacity had been increased by 407% by
providing skirt of depth 1.25B. The settlement had been
reduced by 17%. Pal et al [21] had performed theoretical as
well as ﬁnite element investigation on efﬁciency factors of
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interfering skirted strip footings located on dry sand. It had
been revealed the interacting load carrying capacity of
interfering skirted strip footing had been increased up to
critical spacing and after that it had started reducing to a
maximum spacing and then after the inﬂuence of interference had been completely omitted.
It has been revealed from above literature survey that the
soil movement beneath the footing is reduced signiﬁcantly
by introducing structural skirts to the footing. Structural
skirts restrict the formation of passive zone underneath the
footing. As a result, load carrying capacity increases and
settlement decreases of skited footing compared to footing
without skirt. It has been perceived that the pattern of
variation of bearing capacity for different spacings is quite
similar for interfering shallow and skirted footings. The
deformation of soil between the interfering skirts is less
compared to the deformation of soil between interacting
shallow footings. In case of practical situation, multiple
shallow footings are considered for supporting the super
structure. It has been revealed that the mechanism generated beneath the single or isolated shallow footing does not
represent the mechanism of multiple footings. As a consequence, interference or interaction effect has been considered in the study.
From the above literature survey, it has been comprehended that very limited research has been conducted
over interaction response of skirted strip footing. In the
present research, two-layer soil system with water
table has been considered for interaction response of
skirted strip footing to make the problem more practical.
In this regard, the interacting load carrying capacity of
skirted strip footings resting on soft clay over dense sand
has been numerically investigated. In the investigation
different geometrical and geotechnical parameters
speciﬁcally, spacing, embedment depth of footing, water
table depth and depth of top soft clay layer have been
altered. The critical spacing has also been measured in
the investigation. The interacting mechanism of skirted
strip footings has been inspected with the aid of total
displacement. Finally, the generated maximum bending
moments and bending moment patterns for the interfering
skirts have been examined.

Plaxis 2D version 8.2 [23]. Different analysis schemes are
available for FEM speciﬁcally, linear static, frequency and
buckling, dynamic, non-linear, composites, fatigue, design
optimization and thermal analysis [22]. In the current
simulation, non-linear and static analysis has been carried
out by considering plane strain condition.

2. Technique considered in modelling

Where, r’yy and r’xx are the vertical and horizontal
effective stresses respectively. The elastic model has been
taken into account for modelling of skirt and footing. The
properties of footing and skirt have been provided in
table 2. The magnitude of parameters of skirt and footing
has been taken from research material [28, 29].
The interface strength parameters have been evaluated
with the aid of interface strength reduction factor (Rinter). In
the present investigation the magnitudes of Rinter have been
considered from research articles [29, 30] as shown in
ﬁgure 1. The interface strength parameters are determined
from following expression (Eq. 2).

It has been perceived that Finite element method (FEM) is
the most ﬂexible technique in the numerical analysis. FEM
is not used for a deﬁnite problem rather it is considered for
analysing any practical and complex problem [22]. As a
result, geotechnical researchers and engineers consider
FEM for research problems and ﬁeld issues related to stability, deformation and ﬂow condition in geotechnical
engineering. The current research, the interference effect of
skirted strip footings located on soft clay over dense sand
has been assessed with aid of ﬁnite element (FEM) code

2.1 Geometry
The geometry of the model has been considered in such
a manner that the generated mechanism underneath the
foundation has not been affected by the boundaries of the
model. In the model, the gap of 5B has been maintained
between the vertical boundary and the footing edge [24]
as mentioned in ﬁgure 1. The different geometrical
parameters speciﬁcally, width of footing (B), top layer
depth (H1), bottom layer depth (H2), embedment depth of
footing (Df), depth of water table from ground surface
(Dw), skirt depth (Ds) and spacing between skirted strip
footing (Ssf) are considered in the numerical
investigation.

2.2 Material parameter
The top clay layer and bottom sand layer have been
modelled with Soft soil model and Hardening soil model.
The magnitudes of geotechnical parameters have been
considered from research articles [25–27] as provided in
table 1.
In Plaxis, there are two approaches explicitly, K0 procedure and Gravity loading technique for generating ﬁeld
stress or initial stress in foundation soil. K0 procedure is
taken into account where the ground surface is horizontal
and associated soil layers and phreatic surface are parallel
to ground surface. Gravity loading technique is considered
for other situations which are not mentioned in K0 procedure. In the present investigation, K0 technique has been
taken into account and evaluated from following expression
(Eq. 1).
K0 ¼

r0xx
r0yy

ð1Þ
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Figure 1. Schematic diagram for interacting skirted foundation system.

Table 1. Geotechnical properties considered in the present investigation.
Parameter

Clay

Material model
Drainage condition
Unit weight of soil below water table (csat) (kN/m3)
Unit weight of soil below water table (c) (kN/m3)
Initial void ratio (eint)
Modiﬁed compression index (k)
Modiﬁed swelling index (K*)
Secant stiffness of drained triaxial test (E50) (kPa)
Tangent stiffness for primary oedometer loading (Eoed) (kPa)
Unloading/reloading stiffness (Eu)
Power for stress-level stiffness dependency (m)
Poisson’s ratio (l)
Cohesion (c) (kPa)
Soil friction angle (u) (°)
Dilatancy angle (w) (°)
Horizontal permeability (Kx) (m/d)
Vertical permeability (Ky) (m/d)
Interface strength reduction factor (Rinter)

Soft soil
Undrained
15
18
1
0.03
8.5 9 10-3
–
–
–
–
0.15
2
25
–
0.001
0.001
0.7

Table 2. Properties of skirted strip footing.
Properties

Skirt

Model
Flexural rigidity, EI (kN-m2/m)
Normal Stiffness, EA (kN/m)

Elastic
4500
2.1 9 106

3
tan ui ¼ Rinter  tan us  tan us
6 ci ¼ Rinter  cs
7
6
7
4 wi ¼ ws for Rinter ¼ 1
5
wi ¼ 0 for Rinter \1

Footing
Elastic
1500
4.2 9 105

2

Sand
Hardening soil
Drained
17
20
0.5
–
–
4 9 104
4 9 104
1.05 9 105
0.5
0.2
1
40
10
1
1
0.7

Where, ui, ci and wi are the interface friction angle,
cohesion and dilatancy angle respectively. us, cs and ws are
the soil friction angle, cohesion and dilatancy angle. In the
investigation, a permissible displacement of 50 mm has been
applied over the footings as per code of practice [31] and
corresponding permissible interacting load carrying capacity
(qus in kN/m) of skirted strip footings has been estimated.

2.3 Meshing and boundary condition
ð2Þ

Figure 2 depicts the boundary conditions and FE meshing
details adopted in the investigation. In Plaxis 2D, 3-node
and 15-node triangular elements are available for modelling

16

Page 4 of 14

Sådhanå (2021)46:16

soil domain. 15-node and 3-node triangular elements are
comprised of 12 and 3 stress points respectively. As a
consequence, 15-node triangular elements are more efﬁcient to capture high quality stress result than 3-node triangular elements. Moreover, the 15-node triangular
elements are considered for discretizing the soil domain.
Skirt and footing modelled with plate element through 5
noded line element. Different meshing arrangements are
accessible in Plaxis namely, very ﬁne, ﬁne, medium, coarse
and very coarse. Suitable meshing scheme should be
selected for FE analysis with the aid of mesh convergence
study.
The formation of FE mesh in the whole model domain is
automatic and robust. Plaxis generates FE mesh by considering the parameter average element length le [32]. The
average element length has been evaluated from following
expression (Eq. 3).
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðYmax  Ymin Þ  ðXmax  Xmin Þ
le ¼
ð3Þ
nc
Where, Ymax, Ymin, Xmax and Xmin are the boundary
dimensions of the model. nc is the coarseness factor. The
coarseness factor (nc) helps to determine the number of
elements present in the domain. The magnitudes of nc and
average non-dimensional element length for different
meshing arrangements have been given in table 3. In the
analysis, standard ﬁxity has been provided to the model.
Vertical and horizontal ﬁxity have been given to bottom
boundary and only horizontal ﬁxity has been provided to
vertical boundaries of the model.

2.4 Construction procedure and parametric
alteration
In simulation, 3 steps have been followed in construction
stage. In ﬁrst step, the ﬁeld stress has been generated in soil

domain. In second step, the footing and skirts have been
activated. In third step, prescribed displacement has been
activated. Figure 3 illustrates the ﬂow-chart of parametric
variation considered in the investigation. In the investigation, the width of the footing (B) and bottom layer depth
(H2) have been kept constant as 2 m and 4B respectively.
Geotechnical parameters considered in the current research
are not altered in the analysis.

3. Validation
3.1 Interfering strip footing
The laboratory experimental investigation carried out by
Das and Larbi-Cherif [2] for investigating the interacting
bearing capacity of strip footings resting on dry sand has
been taken into account for validating the present numerical
results. In the experiment, a tank of dimension 1.524 m 9
0.305 m 9 0.914 m had been considered and dry sand had
been poured into the tank and foundation bed had been
prepared. Steel plates of dimension 50.8 mm 9 304.8 mm
had been placed on the sand with and without embedment
depth as an interfering strip footing. The friction angle and
unit weight of sand were 38° and 15.88 kN/m3 respectively.
Load had been applied on the footings with the aid of
hydraulic jack. The load and settlement of the strip footings
had been measured by dial gauges.
In present research, for validation, similar geometrical
and geotechnical conﬁguration have been considered as
taken in the experiment [2]. The geotechnical properties
such as modulus of elasticity, Poisson’s ratio which are not
found in the article but required for FE analysis, are taken
from research material [33]. These parameters help to
estimate the settlement characteristics of foundation system
in the numerical simulation. The failure displacement of 50
mm has been provided over the strip footings. In validation,

5-Noded Line
Element

UX = 0
UY ≠ 0

UX = 0
UY ≠ 0
UX = 0 UY = 0
15-Noded
Triangular Element

Figure 2. Boundary conditions, meshing and element details.
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Table 3. Coarseness factors for different meshing schemes.
Parameter

Very ﬁne

Fine

Medium

Coarse

Very coarse

Coarseness factor (nc)
Average non-dimensional element length

400
0.0017

200
0.0034

100
0.0069

50
0.0138

25
0.0276

Parametric Alteration

H1

Df

Dw

Ssf

0.25 H2

0B

0B

0B

0.50 H2

1.0 B

0.50 B

0.50 B

0.75 H2

2.0 B

1.0 B

1.0 B
2.0 B
3.0 B

Figure 4. FE model conﬁguration.

4.0 B
6.0 B

8.0 B

Figure 3. Flow-chart for parameter variations.

interacting strip footings with embedment depth ration
(Df/B) of 1 has been considered as shown in ﬁgure 4.
Mesh convergence study is the signiﬁcant and primary
step for starting any FE analysis. Mesh convergence study
helps to recognize the optimum mesh conﬁguration for the
problem to obtain accurate results from FE analysis. In the
present research, interacting bearing capacity of strip
footings for various spacings have been evaluated by
altering different meshing schemes as shown in ﬁgure 5(a).
Figure 5(b) depicts the variation of interacting bearing
capacity for different average non-dimensional element
length for spacing of 1.5B. It has been revealed that
obtained interacting bearing capacities are identical beyond
medium meshing arrangement [34, 35]. As a consequence,
medium mesh has been opted as optimum mesh conﬁguration for the present study. Moreover, the validation and
further analysis has been carried out with the aid of medium
meshing scheme.
The comparison of results of interacting bearing
capacity for different spacings obtained from experimental investigation [2] and FE analysis have been
shown in ﬁgure 6. It has been perceived that outcomes

are well in agreement with a tolerable average error
(differences in results) of 5%. Moreover, validation study
has given the conﬁdence over FE modelling for further
analysis. In the validation, the domain dimension (ﬁgure 4) has been taken as same as given for tank
dimension, 1.524 m 9 0.305 m 9 0.914 m. In case of
modelling of interfering skirted strip footings, the model
dimension has been increased in the same way as the
width of the footing has been increased (ﬁgures 1 and 2).

3.2 Isolated skirted strip footing
In the research, the numerical model has been further
validated with the aid of experimental work done by AlAghbari and Mohamedzein [16] on bearing capacity and
settlement of isolated skirted strip footing resting on dry
sand having angle of internal friction of 47.5°. In the
experimental work, different geometrical parameters
namely, embedment depth of foundation, skirt thickness
and depth of skirt have been altered and bearing capacity
and settlement have been recorded. In the current validation, a skirted strip footing of width 120 mm, skirt
thickness 6 mm and skirt depth of 0.91B has been
modelled in the numerical frame work. In the validation,
similar soil properties and medium mesh conﬁguration
have been considered. It has been perceived from the
ﬁgure 7 that the stress-settlement pattern found from
experimental investigation [16] and the stress-settlement
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Figure 6. Comparisons of bearing capacity-spacing patterns.
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Very coarse

140

Coarse

120

qu (kN/m2)

Applied stress (kPa)
0

100 Very fine

Fine

80

500

1000

1500

2000

0

Medium

5

S/B = 1.5

60

Experimental outcome

40
20
0
0

0.005

0.01

0.015

0.02

0.025

0.03

Se/B (%)

10

Plaxis 2D outcome

15

20

Average non-dimensional element length

(b)
Figure 5. Mesh convergence study: (a) Variation of bearing
capacity with changing spacing for different meshing arrangement. (b) Variation of bearing capacity for different average nondimensional element length.

pattern obtained from numerical investigation are good in
agreement.

4. Results and discussion
In the present analysis, different geometrical and geotechnical parameters namely, spacing (Ssf), top layer depth (H1),
water table depth (Dw) and embedment depth of footing
(Df) are varied as shown in ﬁgure 3 to examine the impact
over the interacting load carrying capacity of skirted strip
footings (qus). The impact of geometrical and geotechnical
parameters on critical spacing of footings has also mentioned. The interfering mechanism of skirted strip footings
has been shown for different spacings with the help of

25

30

Figure 7. Comparisons of applied stress-settlement patterns.

displacement mechanism. Finally, the inﬂuence of
interaction on bending moment patterns of interfering skirts
for various spacing has been stated. Results are revealed in
terms of normalised interacting load carrying capacity
(qusc2/c2), ratio of top layer depth (H1/H2), water
table depth ratio (Dw/B), embedment dept ratio (Df/B),
spacing ratio (Ssf/B) and critical spacing ratio (Sc/B).

4.1 Inﬂuence of depth of top layer (H1)
Figure 8 illustrates the inﬂuence of top layer depth ratio
(H1/H2) over normalised interacting load carrying capacity
(qusc2/c2) for different spacing ratio (Ssf/B). The interfering
footings are resting on the ground surface (Df/B = 0) and
water table is at the ground level (Dw/B = 0). It has been
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120

16

5

100

qusc2/γ2

80

H1 = 0.25H2
H1 = 0.5H2
H1 = 0.75H2

60

40

20

0

0

1

2

3

4

5

6

7

Ssf/B

Critical spacing ratio (Sc/B)

Dw = 0B, Df = 0B, Ds = 2B

4

Dw = 0B, Df = 0B
3

2
0.25

0.45

0.65

0.85

Top layer depth ratio (H1/H2)

Figure 8. Inﬂuence of H1/H2 on qusc2/c2.

Figure 10. Impact of H1/H2 on Sc/B.

revealed that qusc2/c2 increases with increasing the spacing
ratio up to 2 which states the fact that footings are behaving
as single footing with increasing width [1, 2]. The total
displacement and total stress have been increased at the
interaction zone for the spacing ratio of 2 as shown in
ﬁgure 9. Beyond Ssf/B of 2, qusc2/c2 decreases up to Ssf/B of
4 which indicates the fact that the interfering effect between
skirted strip footings gradually decreases. After Ssf/B of 4,
obtained normalised interacting load carrying capacities are
identical for top layer depth of 0.25 H2. The total displacement and total stress have been decreased at the
interaction zone for the spacing ratio of 4 as demonstrated
in ﬁgure 9. Here, spacing ratio (Ssf/B) of 4 is the critical
spacing ration beyond this critical spacing ratio the interacting skirted strip footings are behaving as isolated skirted

strip footing. It has been perceived that the obtained pattern
of normalised interacting load carrying capacity for different spacing for top layer depth of 0.5 H2 is similar as
observed for 0.25 H2. The magnitudes of interacting load
carrying capacity are more for top layer depth of 0.25 H2
than 0.5 H2. For top layer depth of 0.25H2, half of the skirt
depth is embedded in the dense sand and as a result, the
shearing resistance and tip resistance have been generated
from dense sand layer for the skirt and interfering load
carrying capacity has been increased. In case of top layer
depth of 0.5 H2, only the tips of skirts are resting over dense
sand as a consequence, only tip resistance has been
obtained for the skirts from dense sand layer and the
interfering load carrying capacity has been decreased as
compared to top layer depth of 0.25 H2.

Ssf/B = 1

Ssf/B = 1

Ssf/B = 2

Ssf/B = 2

Ssf/B = 4

Ssf/B = 4

(a)

(b)

Figure 9. (a) Displacement vector. (b) Total stress distribution for different spacings for H1 = 0..
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100

H1 = 0.5H2, Df = 0B, Ds = 2B

qusc2/γ2

80

Dw = 0B
Dw = 1B
Dw = 2B

60

that the magnitude of critical spacing increases with
decreasing the top layer depth up to 0.5H2 and beyond
top layer depth of 0.5H2, the magnitudes of critical
spacings are identical. It represents the fact that the
interfering load carrying capacity has been inﬂuenced by
dense sand of bottom layer up to top layer depth of
0.5H2 and beyond top layer depth of 0.5H2, the interfering load carrying capacity completely controlled by
soft clay of top layer.

40

4.2 Impact of Depth of Water Table (Dw)
20

0

1

2

3

4

5

6

7

Ssf/B
Figure 11. Impact of Dw/B on qusc2/c2.

In case of top layer depth of 0.75H2, the qusc2/c2 increased
up to Ssf/B of 1 and then started decreasing up to Ssf/B of 2
and beyond Ssf/B of 2, results are identical. In this case Ssf/
B of 2 is the critical spacing. The pattern and magnitudes
obtained for top layer depth of 0.5H2 of interfering load
carrying capacity for different spacings are dissimilar and
less than top layer depth of 0.5H2 and 0.25H2 which indicates the fact that the shearing resistance and tip resistance
of the skirt are totally controlled by soft clay of top layer.
Figure 10 depicts the variation of critical spacing ratio
(Sc/B) for different top layer depth. It has been perceived

Figure 11 illustrates the inﬂuence of water table depth ratio
(Dw/B) on normalised interacting load carrying capacity
(qusc2/c2) for different spacing ratio (Ssf/B). Here, the of top
layer depth (H1) and embedment depth of footing (Df) are
kept constant as 0.5H2 and 0B respectively. It has been
perceived that interacting load carrying capacity increases
with decreasing water table depth. It speciﬁes the fact that
the pore pressure increases in the soft clayey soil of upper
layer with increasing the water table and it reduces the shear
strength of soil. Hence the interacting load carrying capacity
of skirted strip footings has been reduced (ﬁgure 12). In case
of top layer depth of 0.5H2, the complete skirt depths are
embedded in the soft clayey soil of top layer and tips of
skirts are located just on the dense sand of bottom layer.
The load carrying capacity of the skirt is the sum of
shearing resistance of skirt depth and tip resistance. In
this case, the shearing resistance of skirt is inﬂuenced by

Dw/B = 0

Dw/B = 0

Dw/B = 1

Dw/B = 1

Dw/B = 2

Dw/B = 2

(a)

(b)

Figure 12. (a) Active pore water pressure. (b) Effective stress distribution for different water table depths for Ssf = 2B.
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H1 = 0.5H2, Df = 0B
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H1 = 0.75H2, Df = 0B
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qusc2/γ2

Critical spacing ratio (Sc/B)

H1 = 0.25H2, Df = 0B, Dw = 0B

60

Ds = 2B
Ds = 1B

40
1

20
0
0

0.5

1

1.5

2

Water table depth ratio (Dw/B)

0

0

2

3

4

5

6

7

Ssf/B

Figure 13. Impact of Dw/B on Sc/B.

Figure 16. Inﬂuence of Ds/B on qusc2/c2.

200

Dw = 0B, H1 = 0.25H2, Ds = 2B

150

qusc2/γ2

1

Df = 0B
Df = 0.5B
Df = 1B

100

50

0

0

1

2

3

4

5

6

7

Ssf/B

Figure 14. Inﬂuence of Df/B on qusc2/c2.

Df/B = 0

the water table depth and shearing resistance decreases
with increasing the water table depth (ﬁgure 12). It has
been revealed that the interacting load carrying capacity
of skirted strip footing has been reduced by 8.5% on an
average for increasing per 1B depth of water table. It has
been observed that there is no change in pattern for
altering the water table depth. Figure 13 depicts the
impact of water table depth on critical spacing for different top layer depths. It has been observed that there is
no inﬂuence of changing water table depth on critical
spacing of skirted strip footings irrespective of changing
of top layer depths. It has been perceived that the critical
spacing ratio (Sc/B) is same for different water
table depths as 4 and 2 for top layer depth of 0.5H2 and
0.75H2 respectively.

Df/B = 0

Df/B = 0.5

Df/B = 0.5

Df/B = 1

Df/B = 1

(a)

(b)

Figure 15. (a) Displacement vector. (b) Total stress distribution for different embedment depths for Ssf = 2B.
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H1 = 0.25H2, Dw = 0B, Df = 0B

Ssf = 0B

Ssf = 1B

Ssf = 2B

Ssf = 4B

(a)

H1 = 0.5H2, Dw = 0B, Df = 0B

Ssf = 0B

Ssf = 1B

Ssf = 2B

Ssf = 4B

(b)

H1 = 0.75H2, Dw = 0B, Df = 0B

Ssf = 0B

Ssf = 0.5B

Ssf = 1B

Ssf = 2B

(c)
Figure 17. Interfering mechanism of skirted strip footing: (a) H1 = 0.25H2, (b) H1 = 0.5H2 and (c) H1 = 0.75H2.

4.3 Effect of Embedment Depth of Footing (Df)

(qusc2/c2) for different spacing ratio (Ssf/B). Here, the water

Figure 14 demonstrates the inﬂuence of embedment depth
ratio (Df/B) of footing on interacting load carrying capacity

table depth and depth of top layer are considered constant
as 0B and 0.25H2 respectively. It has been revealed that
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Dw = 0B, Df = 0B, H1 = 0.5H2
Ssf = 0B

BMmax
1 kN-m/m

Ssf = 0.5B

BMmax
8.63 kN-m/m

Ssf = 1B

BMmax
16.36 kN-m/m

Ssf = 2B

BMmax
19.99 kN-m/m

Ssf = 4B

BMmax
17.58 kN-m/m

Ssf = 6B

BMmax
17.58 kN-m/m

Ssf = 8B

BMmax
17.58 kN-m/m

Developed Bending Moments in Skirt
Figure 18. Bending moment patterns of skirts.

interacting load carrying capacity increases with increasing
the embedment depth of footing. It speciﬁes the fact that the
conﬁnement increases in the foundation soil and provides
passive resistance to the footing with increasing the
embedment depth of skirted strip footing. As a consequence, the interacting load carrying capacity has been
increased.
Figure 15 depicts total displacement vector and total
stress distribution for different embedment depths of skirted
strip footing. In case of embedment depth of 1B, the strip
footing located over the dense sand and skirts are embedded
in the dense sand of bottom layer. As a result, the shearing
resistance and tip resistance of skirts have been obtained
from dense sand and it enhances the interacting load carrying capacity of skirted strip footing (ﬁgure 15).
For the situation of embedment depth of 0.5B, the strip
footing and skirt of depth 0.5B are embedded in soft clay
of top layer and rest of the skirt depth of 1.5B is
embedded in dense sand of bottom layer. As an outcome,
the shearing resistance has been inﬂuenced by soft clay
of top layer and hence, the interacting load carrying
capacity of skirted strip footing has been reduced than
the case of embedment depth of 1B. For the case of
embedment depth of 0B, the strip footing is located over
the soft clay of top layer and half of the depth of the
skirt is embedded in the soft clay and other half of the
depth of the skirt is embedded in the dense sand. As a
consequence, the inﬂuence of soft clay over the shearing
resistance of skirts has been increased and hence, the
interacting load carrying capacity of skirted strip footing

has been further reduced than the case of embedment
depth of 0.5B.
Figure 16 depicts the impact of depth of skirt on
interacting load carrying capacity of skirted strip footing.
It has been revealed that interacting load carrying
capacity reduces signiﬁcantly for reducing skirt depth. It
illustrates the fact that the shearing and passive resistance
of skirts have been decreased for reducing the skirt depth
and hence the interacting load carrying capacity also
reduces. It has also been noticed that the half of the skirt
depths have been embedded in the dense sand layer for
the case of skirt depth of 2B and for situation of skirt
depth of 1B, skirts are resting on top clayey layer. As a
consequence, the interacting load carrying capacity has
been reduced further.

4.4 Interaction mechanism
Figure 17 depicts the interacting mechanism of skirted strip
footing for various spacings. In the mechanism study, the
spacing ratio (Ssf/B) has been varied from 0B to 8B and top
layer depth has been varied from 0.25H2 to 0.75H2 as
shown in ﬁgure 3 and interaction mechanism has been
investigated. A typical case where, water table at ground
surface (0B) and embedment depth of footing of 0B have
been taken into account for study of interfering mechanism
of skirted strip footings. The interacting mechanism of
skirted strip footings has been shown with the aid of
shading of total displacement (|u|).
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Maximum bending moment, BMmax (kN-m/m)

Total displacement is the absolute collected displacement
which incorporates vertical as well as horizontal displacement. It has been perceived that the interaction effect of
skirted strip footings remains for spacing of 2B. In this range
of spacing, interfering footings are performing as a single
footing with increasing width and the interacting load carrying capacity enhances. Beyond spacing of 2B, the interacting effect of skirted strip footings gradually decreases and
interacting load carrying capacity also starts reducing progressively up to spacing of 4B. After spacing of 4B, the
interfering effect between the skirted strip footings

completely diminishes as shown in ﬁgures 17(a) and (b) and
interacting skirted strip footings are acting as isolated skirted
strip footing. This typical mechanism is true for top layer
depths 0.25H2 and 0.5H2. In case of 0.75H2, the interacting
effect between skirted strip footing stays up to spacing of
1B. After 1B, interfering effect of skirted strip footings starts
reducing till spacing of 2B and beyond 2B, interacting
skirted strip footings are performing as isolated skirted strip
footing as demonstrated in ﬁgure 17(c). Spacing of 4B is the
critical spacing for top layer depths of 0.25H2 and 0.5H2. For
top layer depth of 0.75H2, spacing of 2B is the critical
spacing.

25

4.5 Bending moment pattern in skirt

20

Figure 18 illustrates the bending moment patterns of
interfering skirts for different spacings. The bending
moment patterns of interfering skirts are evaluated for
typical set of parameters where, top layer depth of 0.5H2,
water table at ground surface (Dw = 0B), skirted strip
footing at ground level (Df = 0B). It has been perceived
from ﬁgure 19 that the maximum bending moment in the
interfering skirts increases with increasing spacing up to
2B due to the interference effect. In case of spacing of 0B,
skirted strip footings are resting as single footing and
interfering skirts are performing as single skirt. As a consequence, the bending stiffness of interfering skirts
increases and generated maximum bending in skirt is
minimum. Beyond spacing of 2B, the magnitude of

15

10

H1 = 0.5H2, Dw = 0B, Df = 0B

5

0

0

2

4

6

8

10

Ssf/B

Figure 19. Impact of Ssf/B on maximum bending moment of
interfering skirt.

Dw = 0B, Df = 0B, H1 = 0.5H2
Ssf = 0B

SFmax
4.63 kN/m

Ssf = 0.5B

SFmax
17.52 kN/m

Ssf = 1B

Ssf = 2B

SFmax
25.43 kN/m

Ssf = 4B

SFmax
30.38 kN/m

Ssf = 6B

SFmax
27.48 kN/m

Developed Shear Force in Skirt
Figure 20. Shear force patterns of skirts.

Ssf = 8B

SFmax
27.48 kN/m

SFmax
27.48 kN/m
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maximum bending moment starts reducing as interacting
effect between interfering skirts gradually decreases. After
spacing of 4B, the obtained magnitudes of maximum
bending moments are identical as critical spacing stars from
4B. Moreover, the bending moment diagrams are also
similar beyond critical spacing as seen in ﬁgure 18.
Figure 20 illustrates the shear force (SF) pattern of interfering skirts for different spacing ratios. It has been perceived
that the magnitude of maximum shear force has been
increased up to spacing ratio of 2 and then it has been
decreased up to spacing ratio of 4. Beyond spacing ratio of 4,
magnitudes of maximum shear force and shear force patterns
are identical. It depicts the fact that the conﬁnement increases
in the foundation soil due to the interaction effect of the skirts
up to spacing ratio of 2 as a result maximum shear force also
has been enhanced., There is no interference effect between
the skirts beyond spacing ratio of 4 as a consequence the
magnitude of maximum shear forces are similar.

5. Conclusions
Following conclusions are drawn from the above numerical
investigation carried out for interfering load carrying
capacity of skited strip footings located on soft clay over
dense sand.
1. Medium meshing scheme is the optimum mesh conﬁguration for present numerical study to get precise
outcomes from the investigation as obtained from mesh
convergence study.
2. From validation study, the conﬁdence has been attained
over numerical modelling and outcomes as results are
well in agreement with an average error of 5%.
3. The interacting load carrying capacity has been
increased up to spacing of 2B for top layer depth of
0.25H2 and 0.5H2. For top layer depth of 0.75H2,
interacting load carrying capacity has been increased up
to spacing of 1B.
4. For top layer depth of 0.25H2 and 0.5 H2, the
critical spacing has been found as 4B. For top layer
depth of 0.75H2, the critical spacing has been
obtained as 2B.
5. The interacting load carrying capacity of skirted
strip footing has been reduced by 8.5% on an
average for increasing per 1B depth of water table.
Critical spacing has not been inﬂuenced by water
table depths.
6. The magnitude of maximum bending moments of
interfering skirts enhances with increasing spacing and
after critical spacing values are identical. Furthermore,
bending moment diagrams are similar after critical
spacing.
7. Interacting load capacity enhances with increasing
embedment depth of skirted strip footing as it enhances
conﬁnement in foundation soil.
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