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- The present application is a continuation in
part of the U. S. patent application Ser. No,

395,297, filed Sept. 26, 1929 in which we described-

& process of improving the manufacture of re-
5 enforced concrete articles by subjecting to a
preliminary tension the metallic reenforcements
S0 as to obtain compressive stresses in the con-
crete of these articles. The present invention
concerns the permanently improved articles ob-

10 tained by means of this process.

It has been proposed to subject the reenforce-

. ments of reenforced concrete articles to prelimi-
nary tensions before pouring the concrete into
the moulds and then to transfer this tension of
the reenforcements to the concrete after setting
and hardening of the latter, by releasing the de-
vices by means of which the reenforcements were
subjected to tension. However, if special precau-
tions are not taken, no permanent improvement
of reenforced concrete articles can be obtained
in this way. This is due to the fact that, when
_the tensions of the reenforcements are trans-
ferred to the concrete, numerous caises inter-
vene for reducing this tension:

First of all, in the course of the setting and

-
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hardening of the concrete, the dimensions of

the latter decrease, due to a certain phenomenon,
which is called “shrinkage”. ‘
Secondly, concrete compressed by reenforce-
30 ments that have been subjected to tension is
elastically deformed.

Furthermore, a certain sliding displacement
of the reenforcements with respect to concrete
may occur in spite of anchoring members dis-
posed on the reenforcements, until, due to the
pressing together of the particles of concrete by
the anchoring members, in the vicinity of these
members, this sliding displacement ceases.

Finally, we discovered that, in concretes sub-
‘Jected to constant stresses, the concrete mass
undergoes a progressive reduction of length anal-
ogous to a kind of shrinkage proportional to the
stresses and which may be numerically more im-
portant than ordinary shrinkage, in the case of
high tensions (see report of the session of Sep-
tember 22, 1926 of the “Commission Technique
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de la Chambre ‘Syndicale des Constructeurs en

‘Ciment Armé de France; Report of the Reen-
forced Concrete Convention, Liéges 1930; Report
of the Convention of the Association Interna-
tionale des Ponts et Charpentes, Paris, 1932).
The sum of these drops of tension can amount

to 30 kilogrammes per square millimetre, in the .

case of very resistant concretes, and even much

95 more, in the case of ordinary concretes.” Con-

o

(CL 72——61)

sequently, if the tensions to which the reenforce-
ments are subjected are lower. than 30. or 40
kilogrammes per square millimetre, a time will
come when these tensions will be reduced -to
zero by the total shrinkage of the - concrete, so 5
that the increase of resistance ‘which was in-
tended to be obtained by subjecting the reen-
forcements to tension is destroyed and construc-
tions including such concrete pieces may bhe
ruined. :

. Now, the reenforcements that are employed
at the present time are made of metals the elastie
limit of which is, as a rule, much lower than 40
kilogrammes per square millimetre. In ordinary
reenforced concrete, it is not known how to uti-
lize the resistance of steels having higher elastic
limits ‘and the use of such steels is therefore
.unnecessary. The present regulations concern-
ing concrete advise not to exceed stresses of
16,000 1bs. per sq. in. (which corresponds to 11.20
kilogrammes per square millimetre) for all kinds
of steels (see Hool and Johnson “Concrete Engi- -
neer’s Handbook”, page 37, section 56). There-
fore, the use of steels of high elastic limit has
not developed in the ordinary technic of reen-
forced concrete, the fact being that the reenforce-~
ments utilized in the ordinary technic are of
relatively low elastic limit. Now, with such re-
enforcements, it is impossible to bring into play
tensile stresses sufficiently high for obtaining per-
manent improvements, ’

The object of the present invention is io pro-
vide reenforced concrete objects that are .im-
proved in a permanent manner, owing to the
utilization of reenforcements having 3 sufficiently.
high elastic limit in order that these reenforce-
ments may be subjected to preliminary tensions
which considerably exceed the sum of the pos-
sible drops of tension and that, account being
taken of these drops of tension, there may re- 40
main in these reenforcements high permanent
tensions which are an important portion of .the
initial tension imparted to the reenforcements.

Therefore, in a reenforced concrete article ac-
cording to the present invention, the concrete 4
of which has set and hardened and has under-
gone all the shrinkages and reductions of length
above referred to, there remain perimanent ten-
sions of the reenforcements, which exert on the
concrete of the article permanent compressions.
Owing to a suitable distrikution of the tensioned
reenforcements in the concrete, these compres-
sive stresses are opposed to the stresses created
in the concrete article by the external forces
acting thereon, so as to compensate them.
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‘80 kilogs. and even more.

The reenforcements utilized according to the
present invention are made of metals having
elastic limits which are considerably greater than
40 kilogs. per square millimetre, 80 that they
may be subjected to tensions at least equal to this
value and generally much higher, say 60 kilogs.,
Of course the elastic
limit can be increased by suitably treating the
nietal, for instance by previously drawing or tem-.
pering it. The increase of the elastic limit may
also . result from the preliminary tensioning
treatment itself, provided, of course, that the
preliminary tension is lower than the ultimate
strength of the metal. The reenforcements that
are in contact with the concrete may be pro-
vided with anchoring members for preventing
them from sliding with respect to the concrete.
However, in most cases, the adhesion of rein-

forcement bars to concrete constitutes a sufficient’

anchoring. . ‘
Figs. 1 to 4 of the accompanying drawing show,
by way of example, two embodiments of devices
serving to subject the reenforcements to tension.
In Fig. 1, the mould {, in which concrete is to
be poured, comprises, at one end, a movable

- part 2. The ends of the reenforcements 3, which
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may be of unequal lengths and which are dis-
tributed in the concrete mass according to the
diagram of the stresses to be created, are fixed,
on the one hand to the mould through any suit-
sble means such: as gripping members 4 holding
tightly the ends of the reenforcements (see the

detail view of Fig. 2 which/is a section on the-

line 2—2 of Fig. 1) or any other equivalent or-
gan, and, on the other hand to the movable part
2 by means of similar gripping members 4a.
This movable part 2 is connected to the piston
of a powerful hydraulic- jack 6a the cylinder of
which is stationary while the mould is fixed, at
the opposite end, to a stationary point 5. The
reenforcements, made of & metal of high elastic
lmit, are first subjected to the required pre-
liminary tenslons by admitting into the jack a
liquid under suitable pressure, which displaces
the movable part 2 and stretches the reenforce-
ments. Concrete is then poured into the mould,
the reenforcements being kept tensioned. When
concrete has set and hardened, the pressure in
jack 3a is brought back to zero and consequently
the tension of reenforcements 8 is transferred to

the concrete. The movable part 2 is then re-

moved, after the means 4 for fixing the reen-
forcements have been removed and the concrete
plece can be taken off from the mould. Reen-
forcements of unequal iengths must be used when
the cross section of the piece is not uniform in
order that concrete may nevertheless be subject-
ed to a uniform compression. There is for in-

stance the case of a post of the shape of a frus-

tum of a cone or of a frustum of a pyramid.
This post will be provided with tensioned reen-
forcements 3 (Fig. 3) of unequal lengths. The
number of these reenforcements in a cross sec-
tion of the post is larger at the big end of said
post than at the small end thereof. With ten-

‘sioned reenforcements all of the same length, it

would be impossible to subject the concrete to
high compressive stresses without risk of crush-
ing the concrete at the small end of the post.
In the example of Fig. 4, the ends of the re-
enforcements 3 are imbedded in blocks of con-
crete 6 by providing in said blocks suitable grip-
ping means or means through which the blocks
can be pulled away from. each other, for instance
holes such as 1. Once the concrete of the blocks
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has set and hardened and is sufficlently strong,
the reenforcements 3 are subjected to the re-
quired tensions by moving blocks 6 away from
each other, for instance by means of powerful
hydreulic jacks. The reinforcements being thus
kept in the tensioned state, we dispose between
blocks 6 walls 8 forming the mould and concrete
is poured thereinto. When concrete has set-and
hardened, walls 8 are removed and the pressure
exerted by the hydraulic jacks is released. The
reenforcements tend to shrink, and thus to bring
blocks 6 toward each other, thus exerting a com-
pression on' the concrete in the mould.

In the example of Figs. 1, 2, and 3, anchoring
members prevent the tensioned reenforcements
from sliding with respect to the concrete. These
members will consist of hooks 8 provided at the
ends of the reenforcements or of any other organ,
either integral with or fixed to said reenforce-
ments, for instance local thickened portions
thereof.

In the example of Fig. 4, the anchoring mem-
bers consist of the two conerete blocks 6, in which
the reenforcements will be, in turn anchored, by
means of hooks or the equivalent.

For practical purposes, we generally use car-
bon steels in the form of wires of diameters rang-
ing between 6 and 15 millimetres, cooled rather
suddenly in the course of rolling, so that the ul-

timate strength of these steels ranges between :

90 and 100 kilogs. per square millimetre and
their elastic limit ranges between 45 and 50 kilo-
grammes per square millimetre. This elastic
limit is increased up to 80-90 kilogrammes per
square millimetre.
have been subjected to thermic treatments so
that their ultimate strengths may be as high as
160 kgs. per square millimetre, particularly in the
case of special steels, such as silicon steels. The
tensions that, give the best results range between
two-thirds and three-fourths of the elastic limit
of the metal, so that after all the drops of ten-
sion above referred to, there remain permanent
tensile stresses of at least 30 or 40 kilogrammes
per square millimeter. In such products, the
normal working fatigue should range between ¥;
and 2/5 of the ultimate strength of the steels,
which permits of subjecting the steels to stresses
of 50 and 60 kilogrammes per square millimetre
and even more without any risk of cracking of
the concrete.

The products obtained according to the present
invention differ from ordinary reenforced con-
crete products in that their strength is consider-

ably higher than that of an ordinary reenforced :

concrete product of the same weight and price or
their weight and cost are much lower than those
of an ordinary reenforced concrete product of the
same strength. More especially, the broducts
according to the present invention have an ex-
traordinary resistance to shearing and twisting
stresses, often five times greater than those of
ordinary reenforced concrete elements of the
same section. Their resistance to alternating
stresses Is practically unlimited, while ordinary
reenforced concrete has but a rather bad resis-
tance to this kind of stresses.
What we claim is:

1. A piece of reenforced concrete which com-

prises set and hardened concrete having under-

. gone shrinkage, and reenforcements of a steel

having a high elastic limit in petmanent tension
anchored in said concrete and adhering thereto
along their whole length, whereby said concrete is
permanently subjected to compressive stresses.

We may also use steels that o

p‘l

b

20

40

60

5



2,080,074

2. A plece of reenforced concrete which
comprises set and hardened concrete having
undergone shrinkage, and reenforcements of a
steel having a high elastic limit in permanent

5 tension anchored in said concrete and adhering
thereto along their whole length, said reenforce-
ments being tensioned and distributed in accord-
ance with the diagram of the tensile stresses that

are to be developed in the piece by determined ex-'

10 ternal forces acting thereon, so as to produce in
the concrete permanent compressive stresses that
balance these tensile stresses. ‘

3. A piece of reenforced concrete which com-
prises permanently compressed set and hardened

15 concrete having undergone shrinkage, and reen-
forcements of a metal the elastic limit of which
is higher than 40 kilogrammes per square milli-
meter, anchored in said concrete and adhering

thereto along their whole length, said reenforce-.

20 ments being in permanent tension.

4. A piece of reenforced concrete which com-
prises permanently compressed set and hardened
concrete having undergone shrinkage, and reen-
forcements of a metal the elastic limit of which

25 is higher than 40 kilogrammes per square milli-
meter, anchored in said concrete and adhering
thereto along their whole length, said reenforce-
ments being in permanent tension at a rate of
at least 10 kilogrammes per square millimeter.

5. A piece of reenforced concrete which com-
prises permanently compressed set and hardened
concrete having undergone shrinkage, and reen-
forcements of a metal the elastic limit of which
is higher than 40 kilogrammes per suare milli-
35 meter, anchored in said concrete and adhering

thereto along their whole length, said reenforce-
ments being permanently tensioned, at a rate of
at least 10 kilogrammes per square millimeter,
and distributed in accordance with the diagram
40 of the tensile stresses that are to be developed in
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the piece by determined external forces acting
thereon, so as to produce in the concrete perma-
nent compressive stresses that balance these ten-
sile stresses.

6. A piece of reenforced concrete which com-
prises permanently compressed set and hardened

.concrete having undergone shrinkage, and a plu-

rality of rectilinear reenforcements made of 2
metal the elastic limit of which is higher than
40 kilogrammes per square millimeter, anchored
in said concrete and adhering therewith along
their whole length, said reenforcements being in
permanent tension at a rate of at least 10 kilo-
grammes per square millimeter, the length, distri-
bution and tension of these reenforcements being
so chosen, in accordance with the system of ten-
sile stresses to be developed in the piece by
determined external forces acting thereon, as to
produce in the concrete permanent compressive
stresses that balance these tensile stresses.

7. A piece of reenforced concrete which com-
prises permanently compressed set and hardened
concrete having undergone shrinkage, and a plu-
rality of parallel rectilinear reenforcements made
of a metal the elastic limit of which is higher
than 40 kilogrammes per square millimeter, an-
chored in said concrete and adhering therewith
along their whole length, said reenforcements
being in permanent tension at a rate of at least
10 kilogrammes per square millimeter, the respec-
tive lengths and tensions of these reinforcements
being so chosen, in accordance with the system of
tensile stresses that are to be developed in the
piece by determined external forces acting
thereon, as to produce in the concrete permanent
compressive stresses that balance® these tensile
stresses.

: EUGENE FREYSSINET.
JEAN SEAILLES.
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