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Experimental study of soil reaction when a rigid plate is submitted to a vertical load
and a moment

Etude expérimentale de la réaction du sol quand une plaque rigide est soumis a une charge vertical

et a un moment

Claudio Foncea and Dario Mutoli
University of Chile, Santiago, Chile

ABSTRACT
This experimental study deals and discusses the variations of the coefficient of soil reaction of a clean sand placed at different relative
densities when a rigid plate is loaded vertically and then with a monotonic moment. The results show that two of the main
assumptions used in foundation analysis are questioned, since the plate would not rotate around its center but around the edge less
loaded and the soil presents a much higher rigidity below the edge more loaded than the soil rigidity obtained under a center load.

RESUME
Ce travail expérimental fait une analyse des variations du coefficient de réaction du sol composé de sable nettoyée, placée a différents
densités relatives et soumis a une charge verticale constant sur une plaque rigide suivi d’un moment que croit uniformément. Les
résultats montrent que deux principaux hypotheses utilisées dans cette analyse sont mis en question. D’un part on constate que le
centre de rotation de la plaque, lors 1’expérience se déplace vers 1’endroit qui est le moins chargé, et puis, que le rigidité du sol sous
I’endroit le plus chargé est beaucoup plus élevé que celle qu’on obtient quand la charge est centrée.
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1 INTRODUCTION

The design of foundations submitted to a central vertical load
and a moment considers the distribution and rotation shown in
Figure 1, with springs with a coefficient k that represents the
soil reaction.

2 EXPERIMENTAL PREVIOUS STUDIES

A literary survey shows that only a few studies have been
published on the subject of foundation settlements and rotations
with eccentric loads. The plates on sand in the studies done by
Georgiadis y Butterfield (1988), y Montrasio y Nova (1997)
were performed with vertical loads with constant eccentricity.
Nevertheless, a constant vertical load combined with a moment
increasing monotonically should be a more representative
loading condition for building foundations submitted to lateral
loads.

Smith (2004) performed several tests with steel plates of
square surface submitted to an increase load on sand.
Nevertheless he limited his study to dense sands only. In these
tests, he used also a constant vertical load with an increasing
moment.

3 SOIL CHARACTERISTICS

The soil can be described as a very uniform and clean sand of a
light yellow color with angular and sub angular grains, screened
under ASTM sieve # 10 (< 2mm). The fine content is less that
1 %.
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4 EQUIPMENT AND TEST METHODOLOGY

It was necessary to build a steel scaffold, 2 m high, to place the
upper large feeder box of sand as well as the lower large box on
which the sand would be tested. Both were 90 cm wood cubic
boxes properly cinched with steel sheet plates to avoid lateral
deformations.

Figure 3 Assembly for sand deposition
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Figure 4 Diagram of loading system

Sand was placed and distributed on the surface of the lower box
using a sleeve which had to maintain a constant fall height to
reach and keep the required relative density. These heights were
0, 16 and 50 cm in order to obtain relative densities of 22%,
52% and 81% respectively.

The steel load plate had a square surface of 15 cm. The first
series of tests consisted on the application of a centered vertical
load increasing monotonically (see figure 5) with settlement
measurements in the four corners of the plate, which allow to
obtain the load — deformation curves for each condition of
relative density.

In the second part, it was reproduced the procedure for
placement to obtain the same relative densities as in part one
(22, 52 and 81%). This was done several times for each relative
density since a moment was applied following the mechanism
indicated in figure 4, while the vertical load was maintained
constant at different load levels referred to the ultimate load
recorded in part one.

5 TESTRESULTS

Test results presented in this paper are only part of the
performed tests. Figures 7, 8 and 9, show settlements measured
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Figure 5 Diagram of laboratory plate test with vertical load increasing
monotonically
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Figure 6 Diagram of laboratory plate test with vertical constant load
and increasing moment
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Figure 7 Settlement at plate edges as measured on the test with vertical
constant load Q = Qp.x/3 and increasing moment, D, =22%
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Figure 8 Settlement at plate edges as measured on the test with vertical
constant load Q = Qmax/3 and increasing moment, D, =52%
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Figure 9 Settlement at plate edges as measured on the test with vertical
constant load Q = Qmax/3 and increasing moment, D, = 81%

due to plate rotation during the application of the increasing
moment. In order to show the net values of those settlements,
the segmented vertical lines of all theses figures represent the
average settlement obtained by the application of the vertical
load applied in each test.These results show in a clear way that
the plate loaded with a moment does not raise in its edge less
loaded as expected, but settles in all cases being tested at
different relative densities.

The most interesting results are in figures 10, 11 and 12,
which will be analyzed and discussed in next paragraphs. In
these figures, it is shown the curve of settlements for a vertical
load, as well as the behaviors of the edge more loaded when
submitted to a an increasing moment while maintaining constant
the vertical load.
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Figure 10 Comparison of settlements of a vertical loaded case with

settlements of the more loaded edge when the applied vertical load is
kept constant and a moment is monotonically applied, on sand with D, =
22%

6 ANALYSIS OF THE RESULTS

It is accepted in foundation design to simplify the complex soil
behavior by using the ballast coefficient also known as the
coefficient of soil reaction. This simplification usually includes
the assumption of a constant value for this coefficient that has to
be obtain as an average value of the foundation contact stress
considered in the design taken, for example, from the stress
deformation curve of an in situ load test. To this value there are
a few corrections to be included. The first one due to the
foundation width associated with a bigger bulb and a second
one resulting from confining pressure affecting the soil modulus
E,.

Test results show that the coefficient of soil reaction varies
widely from the case of a vertical centered load to the situation
of the same plate submitted to the application of a moment.
They also show that the center of rotation of the rigid plate is
displaced to the edge less loaded, far distant from the hypothesis
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Figure 11 Comparison of settlements of a vertical loaded case with
settlements of the more loaded edge when the applied vertical load is
kept constant and a moment is monotonically applied, on sand with D, =
52%
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Figure 12 Comparison of settlements of a vertical loaded case with
settlements of the more loaded edge when the applied vertical load is
kept constant and a moment is monotonically applied, on sand with D, =
81%

that considers this center located at the center of the plate or
foundation. These results are valid for so different states of
compaction of the sand as from D, approximately 20 % to 80 %

7 CONCLUSIONS

Test results of the present study indicate that there exist
important differences in sand behavior with the ones considered
in the conventional practice of foundation design when they are
submitted to center vertical loads and moments.

Among these differences, the most significant discrepancies are:
1. The plate does not rotate around its center of gravity but it
rotates around the edge less loaded approximately.

2. The use of the same coefficient of soil reaction for a centered
vertical load and for a moment application appears to be too
conservative Rigidity increases almost one order of magnitude
at the edge more loaded when a moment is applied on a rigid
plate with a vertical load that remains constant.
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