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Abstract: - This research presents a numerical study of a footing bounded by a concrete
wall at one of its edges resting on sandy soil and subjected to axial static loading. The effect
of wall depth (d/b) and distance from the edge (h/b) of footing were studied as a percentage
of the footing width was changed several times, the optimum value was selected. Therefore
the value of the bearing capacity factor Ny for the optimum values of the ratio of (d/b and
h/b) was obtained by changing the value of soil friction angle. The results show that the
behavior of stress and strain in general is linear at low stress level, whereas stress increases,
the strain generated increases, the strain is irregular under the foundation and that the value
of the required stresses to generate strain increases with increasing depth below the
foundation. Increasing the ratio of depth (d/b) leads to an increase in the value of the stresses
required to generate the strain within soil as well as note when the ratio (d/b) exceeds (1/2)
of no significant change occur in the value of stress and strain The presence of the wall at
the edge of footing leads to a reduction in the strain generated within the soil by not less
than (40%) and the optimum value of the ratio of (h/b) when the wall is linked to edge of
the footing in other words (h/b=0). The bearing capacity factor (Ny) for bounded footing
increases with increasing the angle of internal friction of the soil.

Keywords: foundation; concrete wall; sandy soil; static load; Plaxis program.

1. Introduction

Structural skirts are walls linked or
fixed at specified distance to the edges
of shallow foundations to improve
their bearing capacities. [6] studied
the effects of skirt stiffness and depth
on the bearing capacity of footing
models. The test results were then
compared with various bearing

capacity equations, it was found that
using structural skirts may improve
the footing bearing capacity up to
(3.68) times depending on the
geometry and structural specifications
of the skirts and footings.

[3]. (2013) show that the Skirts are
used to improve the bearing capacity
of shallow foundation on sandy soil
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by constraining the soil beneath and
containing the plastic flow of soil.
They are used as an alternative to
deep foundations in soils with low
strength at the surface.

[4]. (2014) presented the results of
laboratory model tests carried out to
study the effect of footing diameter on
load carrying capacity of skirted
footing. The footings of four
diameters (40 mm, 60 mm, 80 mm
and 100 mm) were used on loose sand
having embedded skirt inside. The
skirts of UPVC pipe of different
diameters (46, 59, 71 and 85 mm)
were inserted in the sand centrally in
a model test tank filled with sand, the
results show. It was found that the
skirt restricts the lateral displacement
of sand leading to a significant
improvement in the response of the
footing.

[1] studied the behavior of
foundations with structural skirts
adjacent to a sand slope and subjected
to earthquake loading. The effect of
the adopted skirts to safeguard
foundation and slope from collapse is
studied. The skirts effect on
controlling horizontal  soil
movement and decreasing pore
water pressure beneath foundations
and beside the slopes during
earthquake was investigated. This
technique is investigated numerically
using finite element analysis.

[S] investigated the behavior of model
footings bounded by a wall of
different depths and located at
different distances from the footing

resting on sandy soil. Test results
show that the presence of the wall
affects remarkably the bearing
capacity, leading to improvement in
the bearing capacity with different
percentages according to the distance
of the wall from the edge of footing
and depth of wall, due to the increase
in the soil confinement underneath the
footing. [2]. (2015) studied a ten story
reinforced concrete building resting
on raft foundation with two panels
represented as two dimensional model
with and without skirts. This
technique is analyzed numerically
using finite element analysis of two
dimensional plane strain program
PLAXIS, dynamic module. A series
of models were analyzed at different
skirt depths below the foundation
level. The results showed that the
skirts have a great effect on
controlling the horizontal
deformation for the subgrade and
superstructure. [7] presented a study
on lateral loading tests performed to
shed some lights on the performance
of rectangular skirted footings. It was
found that increase in the number of
skirts and D/B ratio increased the
ultimate lateral load carrying capacity
of footings significantly. Locations of
skirts with respect to loading direction
also have significant effect on the
ultimate lateral load carrying capacity
of shallow footings. Load carrying
capacity of footing increases with
increase in inclination of load in plan.
The objective of the present work is to
carry out numerical analysis on
footings bounded by concrete walls
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for the purpose of knowledge of the
impact of the wall on the bearing
capacity of footing and reduce the
strain generate in the soil mass.

2. Research Methodology
The research method is designed to
find the maximum stresses that
generate less strain in the soil mass
for the bounded foundation by
changing the engineering geometry
of the model and friction angle of
sandy soil. The changing of
engineering geometry is represented
by:
1- The ratio of depth of wall to width
of footing (d/b).
2- The ratio of distance between
wall and edge of footing to width
of footing (h/b).
The factors be studied

research are summarized in Table.1.
Table 1. Factors studied in the research.

in this

3. Finite Element Analysis

The models of the bounded footing
and soil was built using 3-D finite
element model in Plaxis program as
shown in Fig. 1. The model was built
for the bounded footing of the
geometric  changes that  were
explained in Table 1. The soil type is
sand composition with dimensions
(75x75x40 m) and the depth of ground
water was defined at (2 m) from the
level of the ground surface. The Mohr
Coulomb was used to define the sandy
soil behavior. The bounded footing
where it was considered to be stiff, in
other words the footing and wall is
simulated by terms of non-porous
linear elastic volume elements.

Model Parameter

W(‘,%th (331{1};/ (})Vlvsfggf)e Farrllcgtllgn Fig. 1 The front view of 3-D model of

footing, | ratio, (d/b) ratio, (2) bounded footing.

(b, m) (h/b)
Model 1 18 0 - 30 B.1 Representation of selection
ngzii 12 12 g ig arameters in the program
Model 2 3 73 30 After completion of the model for
Model 5 13 12 16 30 _each of the bounded footing and soil
Model 6 18 12 173 30 dimensions, properties of the
Model 7 18 172 0 10 materials for both the bounded
ﬁggg}g }2 % g ;g ooting and soil must be defined. The
Model 10 13 12 0 20 bounded footing will be represented
Model 11 18 1/2 0 50 by the concrete, while the soil will be

represented by sand. Table 2 shows
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the properties of the footing and sand

materials.
Table 2. Properties of materials.

parameter Name Sand Skirted wall unit
footing
General
Material Model Mohr- Liner- Liner-
model column | elastic elastic
Drainage type Type Drained Non- Non-
porous | porous
Unit weight Yi 17 24 24 kN/m?
Parameters
Young E 1x10* 23500 23500 kN/m?
modulus
(constant)
Poisson's v 0.3 0.15 0.15
ratio
Cohesion C 10 - - kN/m?
constant
Friction angle (4] 30
Dilatancy 7 0
angle
Initial
ko - Automatic | Automatic | Automatic
determination
Lateral earth Ko 0.5 1.0 1.0
pressure
coeff.

3.2 Staged construction and

calculations

Several models of footing were built
with and without wall were
considered. Then the phases that will
pass during the calculations were
defined, the phases can be defined by
the initial phase, building phase and
then loading phase. The load applied
is vertical static load and the value is
range from (100 - 300 kN/m?) for
cases mentioned in Table 1. And the
calculations are done to extract the
results. Fig. 2 shows the bounded
footing at the loading phase.

Fig. 2 The geometry of the model at
loading phase.

4. Results and discussion

In order to determine the value of
stress — strain below the foundation,
(9 points) were chosen below the
foundation and at different depths.
These points were divided into three
group each group contains (3 points)
the first and third group below the
edges of footing and the second group
below the center of the footing as
shown in Figs. 3 and 4. The names
and coordinates of these points are as
follows at the edges of the footing of
the following points at the first edge
A(0, 0, -2), B (0, 0, -4) and C (0, 0, -
6) at the second edge G (18,0, -2), H
(18, 0, -4) and I (18, 0, -6) at the
central of the footing the following
points D (9, 0, -2), E (9, 0, -4) and F
(9, 0, -6), respectively.

—OmE
-nﬂ'lU'
—TO

—

Fig. 3 The names of the points below the
footing.
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Fig. 4 The points below the footing. oo
Fig. 5 Vertical stress versus the vertical
Figs. 5 to 7 show the total vertical strain at stress points A, B and C at
—2N°
stress versus the total vertical strain in T?al V3t01 Stress (kP
: 0 0 0 00 20 0 0 0 200 220 240
the points referred to above. It can be AT O s
concluded from the figures that the \ Stress Paint
behavior of stress and strain in ‘\ 4 ronpo.0.2)
. . —@— PointE (9,0,-4)
general is linear at low stress level, A PomtFO.0.-6

whereas the stress increases, the
strain generated increases. It is clear
that the value of the required stresses
at the shallow depth is small to

0.003 \

0.004

NNA

Total Vertical Strain

0.005

generate the strain while at greater \ \
depths, it is noticed there is increase \
in the value of the required stresses to X
generate strain within soil where it Fig. 6 Vertical stress versus the vertical
can be seen from figures that the strain at stress point D, E and F at
stress to generate the strain changes 9=30° o
from (40 to 100 kN/mZ) When the 0 20 4 6 80 100 120 140 160 180 200
0.000 g
depth change from (2 to 6m). \
0.001
0.002 \
0.003 4
% 0.004 x
'g 0.005 \
>
g 0.006
=
0.007 1 Stress Point \T \
0008 4 —=j=— Point G (18,0, -2)
—@— Point H (18, 0,-4)
0.009 —
—A—  Point I (18,0, -6)
0.010
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Fig. 7 Vertical stress versus the vertical om0 000l 0002 oo ons oms 0006 0007 0008

strain at stress point G, H and I at 2

0=30°.

Fig. 8 shows at a specified value of
the applied and transferred stress
within the soil, the generated 3
maximum vertical strain decreased
with increased depth, also can be seen
that an increase in the value stresses

2.5

3

4 o

N

Depth, m

at the same depth leads to an increase s -
in the strain generated at that depth. ss —— Stress S0 kP
The figure show clearly at a depth of ) —@ swesi00kna
(2 m) at point G the strain is reduced Fig. 8 Max. total vertical strain versus
from (0.007 to 0.0021) when the depth at 0=30".
stress value reduce from (100 to 50 o,
kPa). The effect of using the wall at no R \
the edge of the footing starts to oot
decrease when increasing the depth v
below the footing where it can be _ \
seen at the depth (4 m) at point H the L >
strain is reduced from (0.0028 to 0) £ o
when the stress value reduce from é o005
(100 to 50 kPa). B s \
Point G (18, 0, -2
Figs. 9 to 11 show the stress-strain 0007 - : poimH:ls,o,.41
relation for the bounded footing when | A remrameo
the distance between the footing edge '
and the wall is (b/b=0) the depth of Fig. 9 The tofal Verti?al stress versus the
the wall is changed from (d/b= 1/3, total Vfir/gizil/;tra"é g_(;l(/)l:=0 and
1/ 2, 2/ 3)The ﬁgures show that B Tot)al fflelr:ical Stregj(szll‘)“: @
increasing the ratio of depth (d/b) sow 4t f\‘w éﬁ,: v N
leads to an increase in the value of the oo
stresses required to generate the strain \

0.002

within soil as well as note when the
ratio (d/b) exceeds (1/2), no
significant change occurs in the value
of stress and strain, in other words oo
that the optimum ratio of (d/b) is s Bt Frotng \

(d/b:1/2) " —— Point G (18,0,-2)

0.007 -1 —@— Point H(18,0,-4)

0.003 \ \. \

0.004

Total Vertical Strain

—A—  Point1(18,0,-6)
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Fig. 10 The total vertical stress versus
the total vertical strain at (h/b=0 and
d/b=1/2) and O=30°.

Total Vertical Stress (kPa)
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T T T

0.008

Fig. 11 The total vertical stress versus
the total vertical strain at (h/b=0 and
d/b=2/3) and O=30°.

Fig. 12 shows that the decrease in
strain generated by the use of the wall
compare to the footing without a wall
for (d/b =1/2 and 2/3) at (h/b=0). It
can be noticed that the reduction
percentage of strain is defined as:

S—

S*S* x100% - (1)

Rs =

Where:

Rs = reduction percentage of strain

s = strain at d/b (1/2 or 2/3)

s*= strain at d/b=1/3

d/b = ratio of depth of wall to width
of footing.

The reduction percentage of strain
increases linearly with increase of the
stress required when the depth of the
points to be read changed from (2 to
6 m) below the footing. The results
above show that the presence of the
wall at the edge of footing leads to a

reduction in the strain generated
within the soil by not less than (40%).
The effect of the presence of the wall
at the edge of footing highlights clear
at a shallow depth where the rate of
reduction in strain is more than to the
reduction in strain at deep depths
below the footing.

Total Vertical Stress (kPa)
100 110 120 130 140 150 160 170 180

40
42 <
44
<
= 46
=
Z
w48
S
&
£ s0
@
©@
)
& 52
=
2
=]
S 54
E
56 Depth of Wall, m @ h/b=0
+
d/b=1/2
58 +
[ ) d/b=2/3
60

Fig. 12 The total vertical stress versus
the reduction percentage of strain (%)
at (h/b=0) and O=30°.

Figs. 13 and 14 show the results of
the total vertical stress versus the total
vertical strain at the optimum depth
of wall (d/b=1/2) and change the
value of distance between the wall
and edge of footing from (h/d =1/6 to
1/3). The results show that the
increases in the ratio of (h/b) leads to
increases in generated strain within
soil and the optimum value of the
ratio of (h/b) when the wall is linked
to the edge of the footing, in other
words (h/b=0). The increase in the
ratio of (h/b), the strain will be reduce
to the same depth when the wall

Dr. Faris Waleed Jawad
Dr. Mohammed Y. Fattah

Association of Arab Universities Journal of Engineering Sciences
NO.5 Volume.25 Year.2018



460

()

approaches the edge of the
foundation, note that need at point G
stress value (120, 110 and 118) to
generate strain in the soil (0.003,
0.007 and 0.0053) when the value of
h/b change from (0, 1/6 and 1/3),
respectively.

Total Vertical Stress (kPa)
0 20 40 60 80 100 120 140 160 180 200

. A
\ N

\
\ A

0.005 \
0.006 - The Bounded Footing \

(b=18, h/b=1/6 and d/b=1/2) hd
—=— Point G (18,0,-2)
0.007 41 _@— Ppoint H (18, 0, 4)
—&A—  Point I (18,0, -6)

Total Vertical Strain

0.008

Fig. 13 The total vertical stress versus
the total vertical strain (h/b=1/6 and
d/b=1/2) and @=30°.
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0.002 \\ \\ \
0.003 \\
0.004 \ \

0.005

\\
0.006 — The Bounded Footing 'Y

(b=18, h/b=1/3, d/b=1/2) \ \
—=f=—  Point G (18,0, -2)

—@— Point H (18,0, -4)
—A—  Point 1 (18,0, -6)

Total Vertical Strain

0.007

0.008

Fig. 14 The total vertical stress versus
the total vertical strain (h/b=1/3 and
d/b=1/2) and @=30°.

Fig. 15 shows the relationships
between the measured maximum
strain with depth at which the value
of the ratio (h/b) is changed from
(h/b=0, 1/6 and 1/3) and the stress
level is (100 kPa). It can be seen from
the figure that the maximum strain
generated when the value of ratio
(h/b=0) 1s less than the strain
generated at the other ratio of (h/b),
especially at the shallow depths. This
indicates that the ideal ratio at (h/b=0)
when the wall is more effective at the
edge of the footing to reduce the
strain and as the ratio of (h/b)
increases leads to the effectiveness of
the wall to treat the generated strain
starting with decreases. It can be seen
at point (H) at depth of (4 m) below
the footing, the amount of reduction
in strain decrease compare to the
impact of the wall at Point (G) at
depth of (2m) in other words the
strain reduce from (0.003 to 0.002)
when the ratio of (h/b) change from
(1/3to 0). There is no noticeable
effect on strain when the depth is (6
m) or more.
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Fig. 15 Max. strain versus depth with
different (h/b) at (b=18and d/b=1/2) and
0=30°.

Fig. 16 obtains the results of the
stress strain of bounded footing at
(b=18, h/b=0, d/b=1/2) when the soil
friction angle changes from (10, 20,
30, 40 and 50°), respectively. It can
be seen from the figure that as the
friction angle increases, the stresses
increase and the strain generated
decreased. In order to draw the
relationship between the soil friction
angle and bearing capacity factor
(Ny) obtained from the Hansen
equation (2) after the input value of
the ultimate stress obtained from
numerical analysis when the soil
friction angle changes from (10, 20,
30, 40 and 50°), respectively at strain
value (0.01). The bearing capacity
factor (Ny) for the bounded footing
increases with increasing interior
friction angle of the soil.

qu=cNcSc+DyNqSq+0.4yBNySy -(2)

where:

c= cohesion=0 for sand soil, and

D = depth of footing = 0 at the surface
of the footing.

Total Vertical Stress (kPa)
0 50 100 150 200 250 300 350 400 450 500

0.000 | 1 1 1

The Bounded Fotting
(b=18, h/b=0 and d/b=1/2)
0.002

HEA\N

0.006 x\
0.008
0.010 \ \‘

0.012 \.\

0.014 D

Friction angle = 10

iction angle = 20

iction angle = 30
iction angle = 40

.

iction angle = 50

Total Vertical Strain

0.016

Fig. 16 Vertical stresses with vertical
strain at different friction angles.
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Fig. 17 Variation of the Ny with
different friction angles of soil.

The deformation and stress shapes
extracted from the program after
calculation process can be shown in
Figs. 18 and 19.
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Fig. 19. Full contour of deflection (h/b=0

and d/b=1/2).

Fig. 19 Full contour of stress (h/b=0 and

d/b=1/2).

5. Conclusions

The behavior of stress and
strain below the footing in
general is linear, where as
stress increases, the strain
generated increases.

The value of the required
stresses at the shallow depth is
small to generate the strain
while at greater depth, an
increase in the value of the
required stresses takes place to
generate strain within soil.

The strain is irregular under the
foundation and that the value

of the required stresses to
generate strain increases with
increasing depth below the
foundation.

Increasing the ratio of depth
(d/b) leads to an increase in the
value of the stresses required to
generate the strain within soil
as well as note when the ratio
(d/b) exceeds (1/2) of no
significant change occur in the
value of stress and strain, in
other words, the optimum ratio
of (d/b) is (d/b=1/2).

The reduction percentage of
strain increases linear with the
stress. The presence of the wall
at the edge of footing leads to a
reduction in the strain
generated within the soil by not
less than (40%). The effect of
the wall at the edge of footing
appears clearly at a shallow
depth.

The increase in the ratio of
(h/b) leads to increase in
generated strain within soil and
the optimum value of the ratio
of (h/b) when the wall is linked
to edge of the footing (h/b=0).
As the friction angle increases,
the stresses increase and the
strain generated decreased.

The bearing capacity factor
(Ny) for bounded footing
increases with the angle of
internal friction of the soil.
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