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Stuart i and Deshmukh [10] invited for further work on
the interaction phenomenon between neighbouring footings;
but in spite of these invitations, the available literature

indicates that no attention was afforded.

2. Test equipment

The tests were performed in a circular rigid steel tank of
750 mm diameter, 600 mm height and 5 mm wall thickness,
provided with circumferencial bracing, figure (1). The load
was applied incrementally via a lever, designed by Shawki
{ 125, using standard weights. The soil bin was provided
with two vertical frames made of steel plates 15 mm
thick, « Each frame consisted of top and bottom cords of
15 mm by 60 mm cross section and 530 mm length. The cords
were attached to two vertical and two diagonal plates, each
of 15 mm by 60 mm cross section. The two vertical frames
carried two horizontal steel channels placed back to back.
The clear distance between the two channels was kept at 200
mm using steel strips welded to the top and bottom flanges

of the channels. The loading lever, made of channel No.10,

was supported at one end on a u-shape frame, via
frictionless ball bearings, seated in turn on the two
horizontal steel <channels via a steel 1rod of 25 mm
diameter, whereas standard weights were hanging at the

other end.
The load was transmitted to the footing via a vertical
cidrculay steel rod, 50 mm diameter, guided at two levels.

The top guide was fixed on the two horizontal steel

channels, whereas the bottom guide beared on two steel
plates, 50 mm x 15 mm cross section, fixed to the edge of
the soil bin. The internal diameter of the two guides was
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50.0125 mm. To minimize the friction effects, the lever was
attached to the vertical shaft via frictionless ball
bearings. To measure the applied l1oad, the vertical shaft
was provided with a calibrated proving =ring of 25.74
N/Division accuracy. The 1load was transmitted t; the
interfering footings through a horizontal steel beam of 600
mm length and 45 mm by 25 mm cross section, the horizontal
steel beam in turn was placed in complete contact directly
to the surface of the footings. In this case of loading,
the footings are restrained against rotation, and exhibited
only vertical displacements. Therefore, the loading tests
simulate the <case of two interfering footings connected
together with a rigid ground beam. In few loading tests, on
strip footings, the footings were allowed to rotate by
providing frictionless ball bearings between the footings
and the horizontal steel rigid beam. The loads were appiied
centrally with respect to the two footings within an
accuracy of + 0.5 mm.

The vertical steel rod used for transmitting the load from
the 1lever "tolEhe footings through the guide system was
kept, always, precisely vertical using a spirit level. The
clearance between the guide holes and the loading rod is
0.0125 mm. The top and bottom guides have the facilities to
move laterally to ensure, precisely, the verticality of the
applied loads. Also, the two horizontal steel channels were
erected horizontally on the top of vertical frames using
shim.

The footing models which were machined from mild steel

plates, 25.4 mm thick, were circular with diameter of 100
mm , square and strip of 45 mm width; the length of strip
footing was 300 mm. The error in measuring the footing
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3.2 Effect of footing restrain against rotation

Figure (4) illustrates the effect of spacing ratio S/B,
between two strip footings, on the efficiency of these
footings in two conditions; firsEivas the footings are
completely restrained against rotation: secondly, the

footings were allowed to rotate in plane of loading. The
ultimate load of the two interfering footings was obtained
from load-displacement relationship as the load
corresponding to a settlement ratio p/B=10%, whereas the
ultimate 1load of a single isolated footing was considered
as the 1load corresponding to =zero slope of the load-
settlement curve. The settlement ratio p/B at this 1load
was 5%. Thus the efficiency of the two interfering footings
was calculated at a settlement ratio differing from that of
a single isolated footing. From figure (4), it is evident
that, the efficiency of the completely restrained footings
increased, by up to 80% depending upon S/B ratio, and that
rotating footings experienced less efficiency. Thus, it is
preferable to tie wup closely spaced footings with ground
beams. At the first sight to figure (4) it can be realized
that, the efficiency changes inversely proportional to the
spacing and reaches a maximum value when the footings touch
each other. This is in agreement with the experimental
results reported by the available literature (for instance,
West and Stuart F41; Swami and Agarwal [9] and Deshmukh
f101), while it differs from those reported theoretically
and experimentally by Stuart (1] in which he found that, a
substantial increase in the efficiency has been found when
the two footings are placed at a spacing of 1.5 B centre to
centre, that is to say at S/B=1.5. Figure [4] also confirms

that, the interaction effect between the two footings on
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but attains values greater than unity @fEfaNspacingieatio
greater than 3.0 depending upon the settlement ratio p/B.
Now it is clear that one should separate between the
minimum spacing between two interfering footings at which
the efficiency 1is equal to 1.0, and the spacing at which
the displacement of the two interfering footing, loaded by
(2P) , is equal to that of single isolated footing loaded by
a load (p), that 1. 18 Lte.Ba¥ Sr=1.0. Figure (6) indicates
Sr=1.0 at two values of s/B ratios, the figure clarifies
one of these ratios of p/B. For settlement ratio p/B
less than 4.6%, whereas the size of soil bin becomes an
obstacle for obtaining the second ratio. The other wvalue of
p/B is expected at a widerspacing ENEaIEEONNEON BRI "
higher settlement ratio p/B.

To extract the benefit of figure (6), the following example
is given. Suppose a single isolated strip footing of width
1.00. m . -1§g constructed in sand bed  with an averagé SPT
values of 20 blows. The allowable bearing capacity of this
footing corresponding to a displacement of 25.4 mm
(p/B=2.5%) is 250 KN/mz, Terzaghi and Peck [14].
Consequently the allowable 1load acting on this footing is
250 kN/m'. Now if two identical strip footings, having the
same dimensions as the single isolated footing are loaded
by 250 kN/m' each, the displacement of the two footings
will Dbe 1less than 25.4 mm as long as the spacing ratio S/B
is less . . sthan 433, consequently the allowable bearing
capacity of these footing may be increased to ensure a
displacement of 25.4 mm . On the other hand, the
displacement of the two footings will be bigger than 25.4
mm when the spacing ratio S/B 1is greater than 3.3, a

typical displacement value of 31 mm occurs at a spacing
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3.3 Effect of soil density
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Conclusions

following are the main concluded points extracted from

this course of investigation;

1=

The interaction effect between two interfering rotating
footings causes unsymmetrical  shear failure planes in
soil beneath the footings. The failure in soil beneath
each footing is one sided failure surface.

Rotating footings in a group experience less efficiency
than those of completely restrained footing, and thus
ik is perferable to tie up closely spaced footings with
a rigid ground beam.

The efficiency of a footing in a group should be based
on the settlement ratio <rather than on the ultimate
load ratio and consequently the efficiency term
proposed by Staurt [1] gives misleading results.

The spacing between two interferring footings in a
group 1is not only the most significant factor affecéing
the behaviour of these footings but also, soil density,
footing shape, and restraining condition of footings

are other vital factors.
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