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ABSTRACT

The behavior of the strip footing on sand was deeply studied in many publications. They were trying
to improve this behavior through many techniques. These improvements include the using of
geogrid and geotextile reinforcement, skirts on the sides of the footing to elongate the contact
surface of the footing with soil. None of these studies had implemented in the effect of the contact
shape of the footing on its behavior. In this present experimental study, it is intended to observe the
behavior of the convex strip footing on sand with different strip footing contact shapes. A series of
experiments using different convex strip footing contact shapes, are carried out on sandy soil. The
results showed that the increase in the strip footing contact areas, did not increase the bearing
capacity, but decreases the ultimate bearing capacity load from about 30% to 60%. Also with sever
convex curve, the ultimate load decreases seriously.
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1. Introduction

The behavior a particular soil, under a shallow footing, was investigated theoretically,
using the concept of plastic equilibrium [1]. Many studies on footings resting on sand have
been widely carried out and the relevant theory for the calculation of ultimate bearing
capacity is available since the proposal of Terzaghi [2]. Many investigators [3,4,5] had
modified Terzaghi equation by the addition of several correction factors such as depth,
shape and inclination factors.

The general shear failure mechanism of bearing capacity theory of a foundation resting
on a sandy layer increases with the increase of the total length of the failure surface which
mobilizes higher shear resistance [6].

Increase in length of the failure surface can be produced by increasing the width of the
foundation or increasing the depth of the foundation using skirts [6,7]. The structural skirts
fixed to the edges of shallow foundations to increase the length of failure surface could
develop under central vertical loading condition and therefore improves the bearing
capacity of the foundations resting on sand Fig (1).

The objective of this experimental study is investigating the effect of increasing the
length of contact surface of the strip footing, on the ultimate load or maximum bearing
capacity. The length of the contact surface was designed curved and convex downward.
The curved part has different curved types.
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Fig. 1. Bearing failure mechanism using Skirts

1.1. Review of bearing capacity equations

The equation for calculating the ultimate bearing capacity of shallow strip foundation
bearing on a homogeneous layer of sand and subjected to central vertical loading as shown
in Figure (2). This equation has the following form [3]:

Q=YD Nq+05yBN, (1)

where:

q.: = Ultimate bearing capacity

v = Unit weight of the soil

D¢ = Foundation depth

B =Foundation width

Ny and N, are bearing capacity factors

Values for Nq and N, are given by Terzaghi [8] in terms of the peak angle of internal
friction (@).
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Fig. 2. Bearing capacity failure mechanism for strip footing

Bearing capacity failure mechanism in soil under a rough rigid continuous foundation
subjected to vertical central load is proposed by [3,4,5]. For shallow strip foundation with
structural skirts resting on dense sand and subjected to central vertical load Figure (1),
modifications to the general ultimate bearing capacity equation are required [6,8].

1.2 Sources of approximations in the bearing capacity equations

The approximations involved in the derivation and use of the ultimate bearing capacity
quit > given in Equation (1), may be summarized as [9]:

1. The soil mass is assumed to be purely homogeneous and isotropic, while the soil in
nature is extremely heterogonous and anisotropic.

2. The shear strength of soil within a depth D, from the surface is neglected.

3. There may be three types of failure modes;

(1) General shear failure.

(i1) Local shear failure.

(iii) Punching shear failure.

As shown in figure (2), the theoretical considerations behind Equation (1), correspond
only to the general shear failure mode, which is typical for soils of low compressibility,
such as dense sands and stiff clays. In the local shear failure, only a partial state of plastic
equilibrium is developed with significant compression under the footing .In the punching
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shear mode, however, direct planar shear failures occur only along the vertical directions
around the edges of the footing. Therefore, equation (1) is no longer applicable for soils of
high compressibility, such as loose sand, which may undergo either the local shear or the
punching shear failures. Consequently, the results of equation (1) will only be approximate
for such soil.

4. The ultimate bearing capacity calculations are very sensitive to the values of shear
strength parameters, which are determined in the laboratory using ‘undisturbed’ soil
samples, which may not necessarily represent the true conditions in the site.

5. A factor of safety of 3 is used normally, in order to obtain the allowable bearing
capacity, q, , which contains a significant amount of reserve strength in it. This high
factor of safety represents the degree of uncertainties in determining the real soil
conditions.

2. Experimental work
2.1 Test procedures

The original strip footing (O) was 50 mm breadth and 40 mm depth, and 250 mm
perpendicular length. The other strip footings A , B, C and D were the same as the original
strip footing (O), but with 20 mm straight depth, while the rest of depth is curved in cross
section. All the strip footings are manufactured from rigid timber. All tests were carried
out on the surface of the homogeneous medium dense sand. The height of sand in the tank
was 650 mm placed in a rectangular steel tank with inside dimension of 1000, 750 and 254
mm for length, width and depth respectively. All sides of the tank were made from steel
plates with thickness 3 mm except the front side which was made from Perspex of 10 mm
thickness to observe the behavior the sand during loading. Each side of the tank was
braced with stiffeners to avoid lateral displacement during soil placement in the tank. The
original strip footing was driven 20 mm in the sand to be stable during loading, while for
the other footings, only the curved part driven in the sand.

Foundation was placed centrally across the width of the tank. The central vertical loads
were applied by positioning the tank under a test loading frame. The load on the strip
footing was applied by manual screw jack. A load cell measures the applied load and a dial
gauge to measure the displacement of the footing. The experimental model is shown in
Figure (3). The relative density proposed for sand was 70%. Compaction is controlled by
adjusting the height of the sand layer and the weight of soil required for each layer. Every
layer is compacted carefully by hand rod timber to achieve the required density. This
compaction method was calibrated with different variations of sand densities.
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Fig. 3. The dimensions of the experimental model

2.2. Soil used in the experimental model

The sand used in the experiments, was medium dense sand with a particle size ranges
approximately from 0.1 to 5.0 mm, with a mean particle diameter of 0.82 mm. The sand
was placed in the tank Figure (3), with a uniform dense state using a relative density of
70%. The peak angle of internal friction for the dense sand was determined. The properties
of the used sand are shown in Figure (4) and Table (1).

2.3 Strip footing used in the study

Five rigid timber strip footings were prepared. One represents the normal strip footing
with flat contact with sand named original (O). The other four tested footings were chosen
with different convex contact shapes. Each footing cross section consists of two parts. The
upper part is a rectangle and lower part is formed as curved piece in its cross section. The
curved strip footings and their engineering properties, curved lengths, and curved areas, are
shown in Figures (5,6) and Table (2).
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Fig. 4. Particle size distribution of the used sand
Table 1

Mechanical properties of the used sand

D D D C C Ya Yd R [0)
10 30 60 u c max min d % ?
Property
m m m t/ t/
m m m Hl3 l’n3
Valu 0. 0. 0. 3. 0. 1. 1. 7 3
e 25 45 9 6 9 92 57 0 5

3. Results and discussion

3.1. Test conditions

The load on each footing is applied till reaching footing failure.
All footings have 20 mm height above the sand bed.

The relative density of the used sand is 70% for all testes.
Three results for each footing and the average is calculated.
The load settlement curve for each footing is drawn.
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Fig. 5. Schematic diagram illustrating the vertical cross sectional area of the
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Fig. 6. The sketch section of the curved footing
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Table 2
Strip footings and their engineering properties

Equation of the Length of Vertical cross
Footing curved part of the the curved part  sectional area of the
footing (cm) curved part cm’
o e 0.0 0.0
A y =0.5x" 8.20 9.62
B y=sinx 5.46 3.16

250.5
C y=+0.4(25-4x7) 6.94 7.60

D y=+0.5x> 7.48 8.00

3.2. Result analyses

From the analyses of the ultimate bearing capacity, it is obvious from the curves in
Figures (7,8) that the maximum ultimate load occurs under the original strip footing (O)
which has a flat contact. Referring to the convex curved contact strip footing, the
maximum bearing capacity occurs with strip footing B which is very close to the flat
contact surface as shown in Figure(8) . Footings C, D and A have a descending order in the
ultimate load, they have 97.8, 81.5 and 69.2 kgf respectively.

Figure (9), represents the relation between the ultimate load and the length of the
curved part of the footing. The ultimate load decreases with the increase of the length of
the curved part of the footing section.

Figure (10), represents the relation between the ultimate load and the vertical cross
sectional area of the curved part of the footing section. The ultimate load decreases with
the increase of the vertical cross sectional area of the curved part.
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In the present study, the strip footing was designed using curved contact instead of flat
contact in the lower part of the footing base. This curved section of the footing contributes
in accelerating the formation of the punch cone, under the strip footing. The behavior of
the strip footing with curved contact shape with soil is similar to the stresses zones
generated under the footing as a result of the applied loads. The shape of the footing cross
section is approaching from the punching zone generated under any footing during load
application. This can be the reason of the bearing capacity decrease when using strip
footing with curved contact shapes.

Referring to the relation of the curved depth with the ultimate load Figure (11), it is
found that the increase in curved part depth is accompanied by a decrease in the ultimate
load and vice versa. This action is caused by the severe curvature which generated from
the depth increase of the curved part.
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Fig. 7. Load-settlement curve for footing (O)
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Fig. 8. Load settlement curve for all footings
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Fig. 9. The length of the curved part with the ultimate load
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Fig. 10. The vertical cross sectional area of the curved part and the ultimate load
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Fig. 11. Depth of the curved t part of the footing with the ultimate load
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4. Conclusions

1. The curved contact shapes of strip footings decrease the ultimate load by about
30% to 60%.

2. When the curvature of the strip footing reaches to be flat, the ultimate load
reaches to be equal to the case of the original flat contact footing.

3. As the area, length and depth of the curved part of the footing, increase, the
ultimate load decreases.

4. The flat contact surface of the strip footing is the suitable and effective shape
which gives the more accurate and maximum ultimate load.
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