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Free Foundation Beams with Two Supports

Poutres de fondations libres avec deux points de chargement

by D. KrsMANOVIC, Yougoslavia

Summary

With structures founded on continuous beams, it is very
useful in certain cases to employ discontinuous beams. The
author reviews one system, providing information about design
calculations, simultaneously making allowances for the influence
of beam rigidity on the relevant statical values.

A continuous beam is compared with a discontinuous one,
with regard to bending moments and settlements, from which
definite conclusions are drawn.

Introduction

In the case of structures supported on columns with their
foundations in soil subject to heavy and varying settlements,
statically indeterminate structures can be transformed into
statically determinate ones, either by introducing hinges or
in some other way.

The same principle can be applied to continuous founda-
tion beams, by interrupting the continuity, introducing
hinges, or even by completely separating the beams to obtain
discontinuous foundations.

A good example is provided by a continuous bridge girder,
which may be transformed in a Gerber beam or one of similar
type to allow for wide variation in settlement of the supports.
One particular type of dam, founded on a slab resting on
soil with a low modulus of deformations, can be quoted
as a further example.

In a publication issued in 1958 [1] the main types of dis-
continuous beams are mentioned of free or hinged design
(Fig. 1), and one system is discussed in detail. This is a free
beam with one support (Fig. 1 (a)).
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Sommaire

Pour des ouvrages fondés sur une semelle filante il est trés
utile dans certains cas de transformer la semelle filante en une
semelle discontinue.

Un des systémes de ces poutres discontinues est présenté dans
cet article qui contient aussi des renseignements quant a leur
calcul et I'utilisation, dans un but pratique, des résultats de ces
calculs en prenant en considération l’'influence de leur rigidité
sur les valeurs statiques s’y rapportant.

Les avantages de cette méthode sont illustrés par un exemple :
une semelle continue et une semelle discontinue sont comparées
en détail en ce qui concerne le moment de flexion et le tassement.
On en tire les conclusions nécessaires.

In the present paper a system of free discontinuous beams
with two supports is dealt with in order to illustrate their
potential applications in practice (Fig. 1 (b)).

The application of discontinuous beams can be very use-
ful in foundation structures, the superstructures of which
have a low rigidity (or non at all) in relation to the rigidity
of the foundation structures, while the soil properties as
well as the manner of structure loading are apt to cause
considerable differences in support settlements.

The usefulness of the application of such a discontinuous
beam is demonstrated in the second part of the paper, which
gives a detailed comparison of a discontinuous foundation
structure with a continuous one, and which has been the
general practice in dealing with structures of this kind.

1. Free foundation Beams with two Supports

According to the number of bays, the beams can be re-
garded as being of infinite or of definite l2ngth, If we regard
them as definite, in practice we must distinguish between
threz types of elements : middle elements S, and elements
K, and elements SK which adjoin the end elements.
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It has been found that there is a considerable difference
of pressure distribution and statical values between the
end elements of a beam and the middle ones, while those
adjoining the end elements may always be regarded in the
same way as the middle elements. It is therefore only concerned
with the S and K elements.
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Due to the wide scope of the problem involved, it has
been found necessary to consider only beams carrying equal
loads at equal distances, with a constant moment of inertia,
rested on a half space with a constant modulus of deformation,
and this only for the case where the half space is completely
consolidated under a given load.

1. The Middle Element of a Discontinuous Beam—Taking
into account the influence of several elements of a disconti-
nuous beam (from both the right and the left sides) on the
element considered and by levelling the foundation beam
and the soil, as well as by making and solving a system of
linear non-homogenous equations, pressure distributions for
beams of various moments of inertia were obtained. Since
the loads act upon the foundation beam at equal distances,
cantilevers of all elements have spans equalling one half
of the column distances.

Fig. 3

The calculations were made for a unit load of 100 tons
under each column. The ratio of the length L to the width
B of one element is 2.

The types of curves for different cases of relative rigidity
of the beams and the soil are shown in Fig. 3(a). In the
case of a completely rigid foundation beam a lincar distri-
bution is obtained. Fig. 3 (b) shows the elastic lines of the
foundation beam for individual cases, while Fig. 3 (c) gives
the changes in bending moments dependent on the relative
rigidity of beam and soil.

If, however, instead of the relative rigidity, I/E,, we
introduce absolute rigidity, expressed by the coefficient K, e.g.
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where
I is the moment of inertia of the foundation beam,
E, is the modulus of deformation of the concrete,
E, is the modulus of deformation of the soil,
L is the length of the beam element, and

B is the width of the beam,

the resulting diagram looks as shown in Fig. 4, whereby
it is possible and quite simple to take into account, while
calculating these elements, the influence of the rigidity of
the foundation beam as well.

The abscissa is provided with the values of the coefficient
o, which in effect represent abstract numbers to be multiplied
by the bending moment of the foundation beam in point
A obtained for linear distribution (Fig. 3), so that the real
values of the bsnding moments at points 4, b, ¢ and d are
obtained. It is necessary, beforehand, only to determine
the degree of absolute rigidity, and with this value to read
the respective values of the coefficients . These coefficients
o. are calculated for different ratios of L to B (k =2, 3 and 4).

In the diagram in Fig. 5 the relationship between the degree
of absolute rigidity and the ratio 3 is given, where

B =", 2

In formula (2) :

P, represents the absolute value of the sum of moment
surfaces for a beam of any rigidity, and

P, the absolute value of the sum of moment surfaces
for a rigid beam (in this case the distribution is linear).

From the diagram it is immediately clear in what range
of rigidity it is useful and how much is gained in economy
when sufficiently elastic foundation beams are chosen. The
influence of change of the factor £ can be neglected.
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2. The End Element of the Discontinuous Beam—For
reasons of asymmetry the determination of pressure dis-
tribution for end elements requires much more time, be-
cause it is necessary to solve equations with a considerably
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greater number of unknown quantities. In order to save
time, the determination of pressure distribution has been
carried out in the way shown in Ref. 1.

The pressure distribution line, the elastic line, and the
settlements for a beam like this are shown in Fig. 6. In this
case, as well as in other cases investigated, there were no
marked differences in the distribution of the middle elements
and those adjoining the end ones; consequently, for prac-
tical purposes the elements adjoining the end ones can be
treated in the same manner as the middle elements (cf. the
values for the obtained distributions).

The end element has a completely different distribution
from that of the middle elements. However, the differences
in the values of bending moments, which in these cases are
the most important statical values, are not so great. To faci-
litate comparison, moment surfaces for several cases are
given in Fig. 7, for middle and end elements. The values
of bending moments under the supports are in all examined
cases greater with the end elements than with middle ones.
The increases of negative moments are greater under the
end supports of the structure ; they increase with the rigidity,
and the values of bending moments exceed the values of
middle element moments by 10-20 per cent.

The increases are considerably lower under the next sup-
port of the end element of the beam, and they amount to
8 per cent in relation to the values of middle element moments.

The values of moments in the end bay are somewhat
lower than those of the middle elements of the beam. The
decrease is so small that it can be neglected for all practical
purposes.

2. Comparison between Continuous and Discontinuous Beams

A dam is to be founded on marl with a deformation modulus,
E,, of 80 kg per sq. cm. That part of the dam in which there
is the spillway consists of 5 bays with columns spaced at
14 metres centres. The remainder of the dam is to be built
as an earth-dam op both sides. The other data are visible
in Fig. 8.
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The planned programme of construction involves build-
ing the concrete section first, followed by completion of
the earth dam later.

The calculation and determination of statical values
were done first for a beam continuous over 5 bays, and then
for a discontinuous one.

For both structures the distribution of load was calculated
for the following loading cases :

(a) a foundation slab was built on the soil and the pillars
of the dam were constructed of concrete;

(b) apart from the loading under (a) the sections of the
dam between the pillars were also built of concrete;

(c) apart from the loading under (b) the earth dam on
both sides of the dam was constructed.

1. Continuous Beam—The distribution lines for continuous
beams were worked out for all loading cases by splitting
up the continuous system into three girders on two supports
with cantilevers (Fig. 9), and the unit distribution lines
were found (Ref. 1).
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Fig. 9

With the help of these unit distribution lines, the distri-
bution fcr different loading cases (a) and (b) were obtained
quite simply. The distribution lines for case (¢) was obtained
on the supposition that the completed concrete dam is to
be set up from point m to point n (Fig. 8) on the surface
of the soil which has already settled and which was deformed
under the loading of the earth dam on both sides (broken
line of soil surface in Fig. 8).

On the basis of these distribution lines, limit values were
obtained for positive and negative bending moments of the
slab and the entire dam in individual cross sections. The form
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of these moment surfaces and their size are shown in Fig. 10
for the particular loading cases. The same figure also gives
the individual pressure distribution for loading cases (a),
as well as total pressure distribution and the elastic lines
for all loading cases.

The entire continuous beam was subjected to a single
stressing, so that the concave side of the elastic line turns
first upward and then downward, which makes reinforce-
ment necessary both in the upper and in the lower parts
of the structure.

Both the positive and the negative moment surfaces are
comparatively large; bending moments are also very great.

The positive moment surface for loading case under (b)
amounts to about 165:445 tm?, and the negative moment
surface for loading case under (¢) to about : 334-005 tm?2.

The results of the examination of particular cases of load-
ing show that it is very important, in cases like these, to
foresee particular loading cases liable to arise in the struc-
ture while the building is in progress or later.

2. Discontinuous Beam—For a discontinuous foundation
beam separated into parts in point r distribution lines (Fig. 11)
for loading cases (a) to (c) were obtained.

For these cases, and for each loading case separately,
moment surfaces were also found. These surfaces, expressed
in tm2, are now 109-:200 tm? for loading case under (b),
and 102:925 tm?2 for loading case under (c).

3. Comparison between Continuous and Discontinuous
Structures—Settlements and settlement differences of the
individual supports of the continuous and discontinuous
beam are given in the following table :

Settloments in millimetres are (Case (c)) :

Column A Column B Column C

479 |
466

452
431

422
433

Continuous beam
Discontinuous beam

As can be seen, the settlements of the supports of dis-
continuous and continuous beams are practically the same.

Values of the moment surfaces to be covered by reinforce-
ment for different loading cases and different beams are as
follows :
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- - 3 times — this beam has the advantage of approximately the
loading loading loading same symbols for all loading cases, so that reinforcement
case b case ¢ |casesbandc is necessary only in one zone, which is not the case with
continuous beams.
Continuous beam 165 445 tm?®(334 005 tm?|496 790 tm?>
Distontinuous beam 109 200 tm?2{102 925 tm?|123 200 tm?
Ratio of moment surfaces Conclusions
for the one structure and
of the other 1-52 325 4-03 1. With certain types of structures founded on soil having

a relatively small deformation modulus, discontinuous beams
In addition to the surfaces of bending moments with dis- can be used instead of continuous ones, thereby achieving
continuous beams being considerably smaller — about 4 considerable economy in certain cases.
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2. For the calculation of discontinuous beams, while
taking into account the rigidity of the foundation beam,
it is possible in practice to construct diagrams on the basis
of which lines of moment surfaces can be directly drawn
(see diagram in Fig. 4).

3. The sum of the absolute values of moment surfaces
decreases with the decrease in rigidity of the beam. There
is a danger, however, of going too far in this respect : on
one hand, the ends of individual beam members may tend
to rise, and on the other hand, by reducing the rigidity we
increase the necessary percentage of reinforcement in cross
sections, which raises the cost of construction.
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4. Comparing the continuous with the discontinuous beam
in one case it was found that in certain cases much more
economical structures can be obtained by employing a dis-
continuous beam.
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