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Abstract
In this paper a program using FEM is developed and used as a tool to
determine the undrained bearing capacity for a strip footing on layered clay.
The clay soil is considered as elastic-plastic material. Results of the program
for one and two layers are comparsd with available solution and give a good
agreement. Different ratios of undrained shear strength for two layers are
nsed with different ratios of thickness to estimate the ultimate bearing
capacity in addition to the displacement that occurs in the media. The
important cases that were siudied here are: case of strong layer on soft layer
and case of soft layer oun strong layer. The Study was conducted to assess the
depth of layer at which the soft layer doesn’t affect the undrained bearing
capacity. Undrained bearing capacity factors found depend on the ratio of the
first layer to width of the footing and the ratio of undrained shear strength for
the two layers. Contour lines are used extensively to demonstrate the
displacement in soil at failure. 5
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Introduction {Mc) for the case of constant

The performance of foundation
depends on two factors, the bearing
capacity and the settlement of the soil
bencath the foundation.  Bearing
capacity of a clay and dense soil is
essentially  influenced by  the
undrained shear strength property.
Calculating the bearing capacity is
achieved by applying the limit
gquilibrium to the assumed shear
failure surface. Bearing shear factors

undrained shear strength with depth
based on assumed shear failure
surface are found different as follows,
5.7, 54, 562, 514 (Terzagi, 1943,
Prandtle, 1921; Meyerhof, 1951).
Almost all-natural soils are highly
variable in their properties and rarely
homogeneous. An overview of the
different techniques developed to deal
with soil heteropeneity has heen

lpmsented by (Tamer et al 2002).
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Undrained shear strength is usually
not constant and may increase with
depth, Several researchers have
incorporated this property which is
the increasing of shear strength with
depth to find the bearing capacity of
the s0il under footing (Davis and
Booker 1973; Martin and Houlsby
2002). The soil is often found as
lavers. Undrained shear strength is
different at each layer. A method of
finding the average between layers
was used by Bowles, 1988). Many
researchers have used the limit
equilibrium technigues to compute the
undrained shear factor when the soil is
two layers Button, (1953); Merifield,
(1999}, Brown and Meyerhof (1969)
found an empirical equation for
bearing capacity which depends on
the experimental  studies.  Finite
element method has been used by
some 1o analyze the problem using
small and large sirain theory (Carter
and Wang. 2001; Another has used
finite difference to analvze the
problem of improving the first laver
by reinforcement (Yin, Zhan,1997). In
this research the soil is assumed as
elastic plastic and the media are two
layers different in  strength and
thickness. A failure criterion such is
assumed as Von Mices criterion and
the strain  is  viscoplastic  strain.
Research was achieved to study
different cases of meshes and layers
as presented next.

Problem definition

The bearing capacity analvsis uses
an elastic plastic stress strain law with
a Yon Mices failure criterion. The
clastic plastic soil is described by
three parameters namely the elastic
properties (Young's modulus, E and
Poisson’s ratio, v) and the undrained
shear strength Cu. Figure | show a
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sketch of the problem of a flexible
strip footing of 4m width on a surface
of two layered clay. In the present
study the modulus of elasticity and
Poisson’s ratio are held constant at
(100000 Kpa, 0.3 respectively) while
Cu is taken as constant at each layer
but it has different vaiues in the two
layers. {Young's modulus governs the
initial elastic response but doesn’t
affect the bearing capacity (Fenton
and Criffiths, 2003). The used
program that is based on the finite
element method uses eight-nod
quadrilateral element. For more
details about the program and the
theoretical principles of the problem
the reader is referred to (chapter six of
the text by Smith and Griffiths, 1998).
it was developed to take into account
two layers with two values of Cu by

including them i the part of
viscoplastic analysis in the program,
A uniform  load was applied

incrementally until failure occurs. The
outputs of the program are the bearing
capacity at each stage of loading and
the vertical and horizontal
displacement at each point in the
mesh of soil media. Two cases of soil
media dimensions are taken. Figure 4
shows the first case while Figure 3
shows the second.

Verification

At [irst the program was used to
compute the bearing capacity for the
case of constant undrained shear
strength. Figure 4 shows the mesh
used where the depth is 1.25B and it
is laterally extended to 3B. The mesh
consists of 512 elements and 1633
nodes. High numbers of element are
concentrated close to the footing
where the effect of strip loading is
increasing at these zones, Half of the
problem is analyzed because of
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symmetry. The results obtained from
the program execution are compared
with the three solutions as listed in the
“introduction”. Figure 2 shows the
relation between the undrained shear
strength for values Cu=10.20 ,.100
and the bearing capacity Q where Q =
. Ne. The results of the computer
solution is closer to the Prandtle
solution Q=5.14 C, than the other.
The computer solution presented here
iz of two forms the first is of 250
iterations while the second is at
iteration less than 250. The solution
of Prandtle is located between these
two forms therefor it can be used the
solution of 250 iteration with
acceptable error.

Two layered clay soil model a

The program is used to compute
the ultimate bearing capacity for two
cases of layered soil a- layer with low
shear strength on a layer of strong
shear strength b- layer with strong
shear strength on a layer of low
strength.
a- For the first case the program was
implemented for shear strength ratio
Ca/Cir = 30/100, 50/100. 70/100,
10/100, depth ratio HI/H=1.25/5,
2.5/5, 3.75/5, 5/5, and the thickness of
the first layer to the width of footing
H1/B=1.25/4, 2.5/4, 3.75/4, 5/4. In
this model of mesh where the depth is
H=1.25B the depth ratio H1/H should
be considered. The load was applied
incrementally started at load=l with
increment one at each stage of loading
until failure occurs. Data obtained
from the numerical solution are the
bearing capacity and the displacement
at each point. Curves of the relation
between the bearing capacity at each
loading with the displacement at the
centerline point is presented. Also the
vertical displacement with depth at
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centerline is presented. It is necessary
to understand the behavior of soil
under loading, therefore the vertical
displacement at surface of soil from
the centerline of loading is presented
in curves. For each case the vertical
and horizontal  displacement are
obtained for each point in mesh.

b- For the second case, the program
has been used to calculate the
undrained bearing capacity for C,,/Cy
100/70, 100/50, 100/30 where
HI1/H=1.25/5, 2.5/5, 3.75/5, 5/5. The
depth to the width of footing is varied
as H1/B=1.25/4, 2.5/4, 3.75/4, 5/4.
Relations between the undrained
bearing capacity with  vertical
displacement at failure stage are
presented for each case. Also curves
of displacement with depth and with
surface are drawn. A pood presenting
for the displacement at each point in
mesh is achieved by using contours.

Model b

In this model the depth of the
analyzed soil is 7B while the lateraly
width is 10B. The depth of the first
layer to width of the footing is
important and affects the bearing
capacity instead of the depth of the
first to the depth of second layer. The
program is used to calculate the
bearing capacity for different ratio of
undrained shear strength varried as
tollows
Ca/Cy=100/10, 100/20,...100/90 and
H1/B=0.25, 0.5, 1, 1.5, 2, 2.5, 2.75.
The computer solution is compared
with four solution (Button, 1933,
Mirifield, 1999 and Carter 2001)as
presented by Carter (2001) and the
solution of (Brown and Meyerhof,
1969) according to the following semi
empirical equation
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Figure 21 shows the relation between
the wndrained bearing capacity and
the ratio of the undrained shear
strength for the second layer to that of
the first Cu2/Cul compared with four
solutions. The curves are for two
cases of /B (10.5,1). The result of the
computer program is close to the
solution of (Carter and Wang, 2001)
for small strain analysis. As it can be
seen  from  Figs.ba, Ta, 8a the
existence of a soft layer under the
strong layer will decrease the bearing
capacity factor Ne. Fig, 22 shows the
depths of soft layer that is located
under the strong laver at which the Ne¢
factor does influence ratios of
undsrained  shear  strength Co/Cy
between 0.1-0.9. Contoures were used
to state the Nc factor value at any
depth and for any ratio of undrained
shear strength that can be observed in
Fig 23.

Discussion

Figure 2 shows the increase in
ultimate bearing capacity with the
increase undrained in shear strength
as it is expected. The plastic behavior
of clay depends on Cu, therefore the
deformation is increased with high Cu
before failure occurs. Figs.6a, Ja
show that the existence of soft clay
layer under the strong laver will
decrease the bearing capacity and as
the thickness of soft layer increases
the bearing capacity decreases. Also
it can be seen that the increase in the
thickness of the strong laver HI/B
increases the bearing capacity. For
example at H/B=1.25/4, for C,/C =
100/70, BC = 435 Kpa while at
H1/B=3.75/4, Hy/H=3.75/5 for Cw/C,z
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= (0070, BC=528. The effect ol the
thickness of the stiong layer on the
bearing capacity is different as the
shear strength ratio is different.  As
the ratio is close to C,/Ca=10 the
effect becomes high. From Figs.ba,
Ba it can be noted that the difference
between  bearing  capacity  for
C/C=100/70, at Hy/B= 1.25/4 and
H\/B=3.75/4 is 528-4335= 93, while
for C,/C=100/70 at the same
thickness it is 423-154=271. Figs.ob.
7b and 8b show the wvertical
displacement at surface with the
distance from the center of loading.
The peints under footing moves down
while the points besides the footing
rise above and the rising decreases
with the distance from the center of
loading. This means that the mode of
failure is general shear failure.
Figs.he, 7c, Bc show the relation
between the vertical displacement and
the centerline depth., The vertical
displacement decreases with depth.
For two layers the behavior of the sotl
under footing is very complex. For
the case of soft laver on strong laver,
the soft layer which is near to the
footing governs the bearing capacity
in spite of the thickness of the strong
laver. In other words the depth factor
H,/B does affect the bearing capacity.
see Figs.9a, 12a and 14a. According
to this result the soft layer under
footing in this case of research should
be released or improved. The failure
oceurs at the first laver as you see
from Fig.19a compared with Fig.20a,
that the displacement is concentrated
in the first layer. The figure shows
the depth of the soft layer at which
there is no effect on the bearing
capacity, this means that the curve of
the bearing factor of 3.14. The
designer can determine the cffecr of
soft layer on the bearing capacity by
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using Fig.22. Another curve-Fig.23-
states the bearing factor according to
the depth factor and the undramned
shear strength ratio,

Conclusions

Finite element method 15 a
reliable method used to analyze the
bearing capacity for a strip footing on
two layers.  The results of the
computer program that is based on
FEM is in agreement with available
solution as presented last, According
o the result of the research, the
following notes can be concluded.

a- For the case of two layers where
the first layer has a small undrained
shear strength —which is close to the
footing-compared to the second layer
the bearing capacity of the clay
governed by the layer of the small
shear strength in spite of the strength
of the second layer, therefore the first
layer should be removed or improved
or the footing is driven under this
layer if possible,

b- The thickness ratio of the first layer
to the second layer H1/H has an effect
on the bearing capacity when the
dimension of the mesh is 1.25B, 3B
while there is no effect in the second
model of 7B, 108,

c- For the two layers where the first
layer is stronger than the second laver
the bearing capacity decreases with
the decrease in the strength of the
second layer. For all ratio of C/Cy
the effect on the bearing capacity is
vanished at depth 2.75B.

d- For each ratio of Co/C, there is a
depth factor HI/B at which the effect
of the soft layer on the bearing
capacity is vanishing (Me=3.14) so at
Co/Cy =0.8 the depth factor H/B is
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0,75 Land at CfC, =0.5 the depth
factor Hy/B 15 1.5 and 50 on as stated
in Fig.23.

e- The bearing capacity depends on
two factors H)/B and C5/C,,. Figures
are presented to estimate the bearing
capacity depending on these {wo
factors.
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Fig. 1% g, b. ¢ Vertical displacement pattern at failure for CofC, =70/ 100
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