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15 Claims. 

In the manufacture of reenforced concrete 
articles it has been proposed to subject the reen 
forcements to tension before hardening of the 
concrete and the resulting compression of the 

'5 concrete make it possible to obtain either stronger 
articles for a given weight, or lighter for a given 
desired resistance. However, up to the present 
time it was not possible to directly subject to ten 
sion nonrectilinear reenforcements embedded in 
concrete, such for instance as the circular reen 
i'orcements that are provided in concrete pipes. 
The object of the present invention is to pro 

vide a process of manufacturing hollow bodies of 
reenforced concrete in which nonrectilinear reen 
forcements embedded in concrete are subjected to 
preliminary tensioning, this process making it 
possible to obtain in a very short time a compact 
and resistant concrete article. 
According to my process, I preferably make 

use of moist concrete, that is to say concrete su?i 
ciently rich in water to penetrate into all the 
interstices of the mould and between the reen 
forcements, however complicated their shape 
may be. 
The process consists essentially in placing the 

moist concrete together with its reenforcements, 
(among which are non-rectilinear reenforcements, 
and in particular hoops), between a deformable 
mould and one or more mandrels which are also 
deformable and permit of transmitting compres 
sive stresses to the concrete; then subjecting the 
concrete to a treatment intended to eliminate the 
excess of water, which may include a vibration 
or a moderate compression (involving no impor 
tant deformation of the mould), or both simul 
taneously; after which the concrete, rendered 
compact by this treatment, is subjected to a 
strong compression under conditions such that 
the mould is deformed, producing an outward 

40 deformation of the concrete so that the non 
rectilinear reenforcements are subjected to ten 
sion. 

I have found that the vibrating and com 
pressing treatments performed in the ?rst part 

45 of the process give the concrete such a compact 
ness that, although it has not yet begun to set, 
said concrete is given the mechanical properties 
of a solid body as long as it remains subjected to 
a su?icient pressure. It follows that if suitably 
directed deformations are imparted to said con 
crete, these deformations will be transmitted to 
the reenforcements and will tension them. It is 
then only necessary to maintain the pressure 
exerted on the concrete until the latter acquires, 
due to its setting and hardening, a su?icient re 
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sistance for maintaining the deformation pre 
viously produced and therefore the tension in the 
reenforcements. The compressing treatment is 
then stopped and the concrete piece is removed 
from the mould. 
As the vibrating and compressing treatments 

considerably accelerate the setting of concrete, 
it is possible, with the process pursued according 
to my invention, to obtain the ?nished hollow 
concrete body, with its reenforcements subjected 
to tension, in an extremely short time. Besides, 
the setting and hardening of the concrete can be 
considerably accelerated by heating; the com 
bined action of heat, vibration, and compression 
giving a highly resistant concrete in a minimum 
period of time. 
The value of the second compression depends 

on the nature of the concrete that is utilized, the 
shape of the reenforcements and the tension to 
which they are subjected. The pressure thus ap 
plied must be su?iciently high for rendering con 
crete compact and resistant enough for prevent 
ing any relative displacement of the reenforce 
ments with respect to said concrete. I have found 
that the resistance of concrete to penetration by 
the reenforcements is proportional to the pressure 
to which the concrete is subjected, and a simple 
calculation will indicate in each case the value 
of the pressure to be employed. My process 
makes it possible to obtain in the reenforcements 
very high degrees of tension, averaging 100 kilo 
grammes per square millimeter and even more. 
In vibrating moist concrete, there may arise a 

di?iculty which results from the fact that, due 
to the accumulation of an excess of water in the 
upper part of the mould, the concrete present in 
this part of the mould tends to become excessively 
fluid, which would involve a lack of homogeneity 
in the piece. This drawback can be obviated by 
making use of complementary chambers which 
will be ?lled with concrete and subjected to vi 
bration at the same time as the mould, so as to 
produce, between these chambers and the mould, 
an interchange of the concrete and the excess 
water. The water, that is driven out by the vi 
brations accumulates in these chambers, while 
concrete passes from said chambers into the 
mould. 
Another object of my invention is to provide 

apparatus for carrying out this process of manu 
facture. The apparatus according to my inven 
tion essentially includes one or several mandrels 
of elastic structure into which a ?uid under pres 
sure can be injected, and a mould or shell capable 
of being deformed when a sumciently high pres 
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2 
sure is applied to the concrete in the mould by 
the mandrel or mandrels. This deformation of 
the mould or shell may be: either an elastic de 
formation under the effect of the pressure applied 
to the concrete, or a positive deformation, re 
sulting from an action on the organs through 
which the parts of the mould or shell are as 
sembled. However, in this case, the arti?cial de 
formation of the mould must be so performed 
that the pressure to which the concrete is sub 
jected does not drop below the minimum of 
pressure for which the concrete resists the 
stresses to which it is subjected by the reen 
forcements. 

Besides the advantages above referred to, my 
process makes it possible to obtain concrete pieces 
of a very high industrial value due to their high 
resistance (very high Young's modulus) and to 
the fact that the concrete is not porous, these 
advantages making it possible to considerably re 
duce the thickness of pieces for a given strength. 

' They amply compensate for the somewhat in 
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creased complication and cost of the apparatus. 
Besides the rapid setting of the concrete, ob 
tained by vibrating and compressing, and even 
tually heating the concrete, the process renders 
the moulds and the apparatus available for a new 
operation after a relatively very short time so 
that the cost of the plant is quickly redeemed. 
The resistance of the concrete that is necessary 
for permitting the removal of the moulded pieces 
from the mould can be attained in a few hours 
or even less, which is a remarkable result. 

Preferred embodiments of, my invention will 
be hereinafter described with reference to the 
accompanying drawings, given merely by way 
of example, and in which: I 

Fig. 1 is a partial sectional view, in cross sec 
tion of a mould for the manufacture of pipes; 

Fig. 1a is a cross sectional view, similar to Fig. 
1, of'another embodiment of the invention; 

Fig. 2 is a sectional view on the line 2--2 of 
Fig. 1; I ‘ 

Fig. 2a shows a detail of the elastic mandrel; 
Fig. 2b is a view similar to Fig. 2 showing an 

other embodiment; 
'Fig. 3 diagrammatically shows the arrange 
ment of a hopper at the upper part of an annular 
mould for pouring concrete thereinto; 

Fig. 3a shows a detail of the hopper; 
Figs. 4 and 5 are two elevational views, seen 

from directions at right angles to each other, 
showing the end of one of the longitudinal (rec 
tilinear) reenforcements; 

Fig. 6 is a sectional view on the line 6-6 of 
Fig. 5; 

Fig. 7 shows this end of‘ the reenforcement 
after twisting thereof; 

Fig. 8 is a cross sectional view showing a de 
tail of the elastic envelope of the mandrel; 

Figs. 9 and 10.are sectional views of a mould 
for the manufacture of hollow concrete bodies 
for forming ?oors; 

- Fig. 11 is an end view on a larger scale of the 
structure of Figs. 9 and 10 showing how the lon 
gitudinal reenforcements are subjected to ten 
sion; 

Fig. 11a shows a detail of a modi?cation; 
Fig. 12 is a vertical sectional view showing 

several moulds juxtaposed inside a frame of re 
enforced concrete provided with jacks; 

Fig. 13 is' a sectional view on the line, l3—l31 of 
Fig. 12; 

In the embodiment shown in Figs. 1 to 8, the 
apparatus essentially comprises an elastic cen— 

2,048,253 
tral mandrel consisting of a rubber envelope I 
disposed on the outer surface of a rigid core 2, 
and an outer shell 3. Between the mandrel and 
the shell there is left an annular space 4 in which 
the reenforcements are disposed and into which 5 
the concrete is to be poured. In the example 
illustrated in the drawings the mandrel consists 
of several superposed parts, each comprising a 
‘core made of a highly resistant concrete ring 5 
surrounded by a metal sheet 6 and a rubber en 
velope I. Each of these envelopes is preferably 
reenforced by longitudinal rigid rods la (Fig. 8) 
so as to maintain a cylindrical shape. At their 
(ends these envelopes are connected in a ?uid 
tight manner to the corresponding ends of ele 
ments 6 by means of rubber rings ‘I folded in 
U-shaped fashion (Fig. 2a) and glued on one 
side to these metal sheets 6 and on the other 
side to envelope I. These rings work in the 
same manner as U-shaped leathers. Pipes 8, 20 
extending through the concrete of rings 5 and 
also through sheets 6, make it possible to inject 
a ?uid under pressure into the interval between 
these metal sheets and rubber envelopes I. The 
pile of rings 5 rests on a circular support 9 mak- 25 
ing it possible to reach the bottom of the appa 
ratus. 

Shell 3 consists of a series of staves consisting 
for instance of sectional irons I 0, on each of 
which is ?xed, on the side of the concrete, a 30 
coating II which is resistant to pressure, plastic, 
and capable of allowing water to leak out there 
through, this coating consisting for instance of 
plates of hard wood, partly impregnated with 
bakelite and ?nally coated with sheets of a pol- 35 
ished metal on the side of the concrete, so as to 
prevent the latter from adhering to the wood. 
These staves form a shell having the shape of a 
vertical cylinder. Each of them is kept in posi 
tion by a'series of screw jacks Ha; the smooth 
inner end of each of which is maintained in a 
sleeve I 2 rigidly connected to the corresponding 
stave. These jacks are screwed in nuts l3 sup 
ported by a very resistant outer frame made of 
reenforced concrete. This frame comprises for 45 
instance a series of annular parts M, in which 
are imbedded the nuts l3, and uprights l5 car 
rying these annular parts. The screw jacks can 
be actuated individually for the adjustment of 

15 

' the apparatus, or simultaneously by means of 50 
gears l6 and racks H. The annular space that 
constitutes the mould can be closed at the top 
and at the bottom by means of lids l8 articulated 
on staves l0 and rigidly maintained in their 
closed positions by connecting rods 20. 
Before pouring'concrete into the annular space 

4, the reenforcements are ?xed in position, to‘ 
wit: the longitudinal rectilinear reenforcements 
22 and the circular reenforcements or hoops 2i 
wound around the ?rst ones. Reenforcements 22 60 
are themselves ?xed, by means of buckles pro 
vided at their ends, to pins such as 23, securely 
?xed to the staves owing to their being inserted 
in holes provided in steel elements In and also 
on metallic members 24 welded to said elements 65 
on the inner side thereof. The longitudinal re 
enforcements can be subjected to tension before 
the pouring of the concrete. For this purpose, I 
provide, at the ends of these reenforcements, 
members that serve both for ?xation for apply- 70 
ing the tension and for the anchoring of the 
tensioned reenforcements in the concrete. These 
members can be made for instance as follows: 
The longitudinal reenforcements 22 are coupled 
in pairs (22a and 22!), Figs. 4 to 6). To the 75 
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2,048,253 
end of each pair of bars there is ?xed a stirrup 25 
of weldable steel having a resistance at least 
equal to that of the reenforcements and carrying 
at its lower end two lugs 26 which act as stops 
.against reenforcements 22a. and 22b. The ends 
of reen‘forcements 22a, 22b are welded at 26¢ to 
stirrup 25. Stirrup 25 is then twisted together 
with the ends of reenforcements 22a and 22b so 
as to obtain an element such as shown at 21 
(Fig. 7) which forms a prolonged part of the pair 
of reenforcements to be subjected to tension and 
is provided with a ring 28. 
The buckles 28 of the lowerends of the re 

enforcements are then fixed to the corresponding 
pins 23. The upper ends of the reenforcements 
are then gripped below twisted portions 21 by 
means of a suitable tool 29 and the reenforce 
ments are subjected to the required tension. The 
upper pins 23, suitably positioned in the mould, 
are then introduced into rings 28 and tools 29 are 
removed. 

I then place above the mould an annular hop 
per 30 (Fig. 3), which acts as the supplementary 
chamber above referred to. The lower edges of 
this hopper are applied, in a ?uidtight manner 
against the elements II of the staves and elastic 
envelope I. This hopper is provided with ver 
tical tubes 3| permitting the escape of the air 
present in annular space 4. The moist concrete 
is poured into said hopper and into the mould 
and the whole is vibrated by shocks on the ends 
of sectional irons III in the direction of arrow 32. 
and, on the other hand, by producing, through 
tubes 8 a vibratory injection of non-compressible 
?uid into rubber envelopes I the upper edge of 
which is covered by the concrete poured into the 
mould. It is also possible to produce shocks on 
sectional irons III in a direction at right angles 
to the surface of the mould as indicated by 
arrows 33. . The concrete is thus caused to settle 
in the mould and the excess water is evacuated 
either through the interstices between the staves 
or by ascending through the concrete. This treat 
ment is continued until the mould isv full of com 
pact and ?rm concrete, the concrete also ?lling 
the lower part of the hopper. Said hopper will 
be preferably provided with devices for striking 
oil the concrete at the lower end of the hopper, 
these devices consisting for instance of knives 
such as 34 provided at the lower end of the hopper 
and striking oil.’ the excess of concrete at said 
end of the hopper when the latter is caused to 
turn around the axis of the mould. The hopper 
is then removed and the upper lids I8 are closed 
and strongly ?xed in this position by connecting 
rods 20, compressing the concrete. A ?uid (for 
instance water) under pressure is then introduced 
into the space between the core and the rub 
ber envelope, with an increasing pressure, until 
the concrete is su?iciently free from water, 
which condition is attained in a few minutes. 
A pressure of 20 kilogrammes per square centi 
meter has been found to give very good results. 
Under the effect of this pressure, the excess of 
water in the mould is driven out through the 
coating II of the staves. 
The concrete being thus rendered compact and 

hard, I may now proceed to a progressive in 
crease of the outer diameter of the mould, either 
by further increasing the pressure in envelope I 
so as to produce, through the concrete poured in 
the mould, an elastic deformation of rings I4, 
which subjects the circular reenforcements 2| 
to the desired tension, or by unscrewing screws 
Ila by means of racks II, the space between the 

3 
rubber element I and the core 2 being main 
tained, during this time, in communication with 
a hydraulic accumulator at a suitable pressure P. 
The elastic wooden cushion formed by elements I I 
is deformed, remaining entirely impervious to 5 
concrete but allowing however the whole of the 
excess of water to flow out through it, as proved 
by experience. The external diameter of the pipe 
moulded in the intervening space 4 can therefore 
be increased by the necessary amount for giving 
the transverse reenforcements the required elon 
gation. 
In order to accelerate the setting of the con 

crete, I may heat it by means of pipes II b 
through which a heating ?uid is circulated or 
through any other means such as hot air sat 
urated with humidity present in a closed space 
surrounding the mould. 
When the concrete is su?iciently hard, the ?uid 

under pressure is discharged from envelope I and 
pins 23 are removed so that the tension of the 
longitudinal reenforcements 22 is transferred to 
the concrete. Screws IIa are then fully un 
screwed. As the pipe has a diameter larger than 
that of the central mandrel and smaller than 25 
that of the shell, it can be removed vertically from 
the mould. After cleaning it with water or com 
pressed air, the mould is ready for a new treat 
ment. 
In the experiments I have conducted the pres- 30 

sures exerted on the concrete ranged between 10 
kilogrammes per square centimeter and several 
hundreds of kilogrammes per square centimeter, 
but obviously, higher or lower pressures could be 
employed according to the nature of the concrete 35 
and to the result to be obtained. 

I might also utilize a mould that is expansible 
both in the direction of its length and in the 
radial direction. ‘This will permit of subjecting 
the longitudinal reenforcements to tension by 
compression of the concrete and therefore to do 
away with the preliminary stretching of these 
reenforcements. 
In the embodiment shown in Fig. 2b, the action 

of screws Ila is replaced by that of wedges IId 
?xed on annular elements Ida and cooperating 
with other wedges IIe carried by sectional irons 
II). The two annular elements Ila can be moved 
in opposite directions by means of hydraulic jacks 
Mb, some of which are located between these 
annular elements while the others are interposed 
between the ends of these annular elements and 
stationary plates 0 rigidly ?xed to frame I5. 
Sectional irons II) are supported by square-shaped 
members b bearing upon plates a through rollers c 
in such manner that these sectional irons and 
their supporting elements b can move radially 
with respect to stationary plates a. 

It will be readily understood that if annular 
elements Ila are pushed away from each other 60 
by means of jacks Mb, wedges I Id, which are dis 
placed by these annular elements with respect to 
the other wedges I Ie, permit a radial displacement 
of sectional irons III and staves I I. 
This embodiment is advantageous because it 65 

is easy to simultaneously control all the hydraulic 
Jac . 

The apparatus might be further simpli?ed as 
shown in cross section in Fig. la. In this case, 
core 2, its elastic envelope I and staves Illa are 70 
completed by a second elastic envelope I50 placed 
on the outside of the staves, between said staves 
and a rigid annular element I5. A ?uid under 
pressure can be injected between envelope I So 
and element I5 and also between core 2 and 75 
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4 
elastic envelope I. The staves illa consist of 
sectional irons of a shape similar to that of 
arch-stones. The intervals between these staves 
can be-fllled with plugs 10b of a matter that is 

5 elastic and permeable by water, such as wood, 
eventually. coated with metal sheets which fa 
cilitate the assembling of the staves. Concrete 
is poured into space 4 as above explained. 
Between [5 and [5a I inject ?uid at pressure 

10 P which acts on the staves in an inward direc 
tion.\ Between I and 2 I inject ?uid under pres 
sure which compresses the concrete at a pres 
sure P1. 

? -/ As long as Pl is?smaller than P the deforma 
15 tion of the whole‘is very small. 

If P1 becomes smaller than P, the diameter of 
the mould increases, the staves being pushed 
apart from one another, so that the concrete 
of the pipe expands, thus subjecting its reen 

20 forcements to tension. This embodiment, which 
is very simple and relatively inexpensive, has 
another very important advantage. It makes 
it possible to adjust the deformation of the pipe 
or any other body to any desired value which can 

25 be immediately checked up. .For this purpose, 
it su?ices to provide an auxiliary reservoir 85b 
the volume V of which is de?nitely known and 
which can be connected through a valve I50 with 
envelope l5a-. If this valve He is opened at a 

30 certain time, this causes the transfer into this 
reservoir, which is supposed to be empty, of 
known volume of ?uid and a corresponding de 
formation of the pipe. If the ?uid that is utilized 
is anv incompressible ?uid, the deformation of 

35 the pipe will correspond to a volume equal to 
the volume V of the reservoir. 

Figs. 9 to 15 illustrate the manufacture of hol 
\low bodies for makingv ?oors. 

In this case, the mould includes two lateral 
‘40 walls 35, preferably grooved so as to facilitate 

the out?ow of water, two end walls 35 and two 
perfectly plane closure plates 39, 39a. The rec 

‘ tilinear reenforcements 31, subjected to tension 
f before ‘the pouring of the concrete are ?xed to 

'45 walls“, which serve also for the ?xation of 
the ends of elastic mandrels 38, which are dis 
posed parallel with the rectilinear reenforce 
'ments 31. Transverse reenforcements 40, which 
may be of undulated shape, as shown in the 

50 drawings, are placed around the mandrels and. 
between them. The rectilinear reenforcements 
31, which are provided, for instance, at their 
ends with twisted elements 21, made for instance 
as above described with reference to Figs. 4 to 7. 

55 are subjected to tension by means of gripping 
members such as Ill and ?xed to the end ele-‘ 
ments 36'. These reenforcements can also be 
‘subjected to tension by ?xing their ends to nuts 
“a in which are engaged screws Mb bearing 

60 against the wall 36 of the mould (Fig. 11a). 
The concrete is then poured into the mould. 
Upon. the concrete, rendered compact by the 
vibrating treatment, I then place the upper plates 
‘39 of the moulds. In a very strong frame 42 

65 made of steel or of reenforced concrete, I then 
juxtapose several of these moulds A horizontal 
ly, as shown in Fig. 13 and I juxtapose several of 
these horizontal rows B (Fig. 12). Frame 43 is 
provided, on its inner faces, with jacks 43 which 

70 may be applied against the wall of the pile of 
moulds with a variable pressure. Once the 
moulds have been inserted into this frame, I 
close it by means of plates 42a and I block the 
system by means of jacks 43a. The concrete in 

75 the moulds is ?rst subjected to compression by 
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introducing a liquid under pressure into the elas 
tic mandrels. This compression has for its ef 
fectto drive out the excess of water in the con 
crete. I then release the jacks that bear against 
the lateral walls of the moulds 35 and plates 39, 
39a (all the jacks shown in Fig. 12), maintain 
ing the water pressure in the elastic mandrels. 
or giving any desired value to this. pressure. 
Consequently, the concrete is deformed ‘around 
the elastic mandrels, which subjects the trans 
versal reinforcements to tension. Once the con. 
crete is su?iciently hard, pressure is allowed to 
drop in the jacks and in the mandrels and the 
?nished pieces can be removed from the moulds. 
Of course the process according to the pres 

ent invention could be applied to the manufac 
ture of any other kinds of hollow bodies. 
In the preceding description, it has been stated 

that concrete that has not yet set can acquire. 
under the effect of compression a resistance suf 
?ciently high for transmittmg the necessary de 
formations to the reinforcements and therefore 
subjecting them-to tension. Of course, the prin 
ciple of my invention is not modi?ed if the de 
formation of the concrete is produced when the 
concrete has already begun to set, by making 
use, for this purpose, of a compression of said 
concrete su?icient for producing its deformation 
in all directions without breaking. 
While Il'have described what I deem to be pre 

ferred en‘rbodiments of my invention, it should 
be well understood that I do not wish to be limit 
ed thereto as there'might be ‘changes made in 
the arrangement, dispositionand form of the 
parts without departing from the spirit of my 
invention as comprehended within the scope of 
the appended claims. 
What I claim is: 
1. A process of manufacturing hollow reen 

forced concrete bodies, which comprises, placing 
in an annular mould having a deformable outer 
shell an annular reenforcment, pouring concrete 
into said annular mould, subjecting the concrete 
to a treatment for removing the water in excess 
that it contains, subjecting it to an outward radial 
compression so as to deform both the concrete in 
the mould and the deformable shell and thus to 
subject said reenforcements to tension, and main 
taining this compression for a time sumcient 
for permitting the concrete to harden to such a 
degree that the tensioned reenforcements cannot 
penetrate into said concrete. 

2. A process of manufacturing hollow reen 
forced concrete bodies, which comprises, placing 
in an annular mould having a deformable outer 
shell and a deformable mandrel annular reen 
forcements, pouring concrete into said annular 
mould, subjecting the concrete to a treatment 
for removing the water in excess that it contains, 
deforming the mandrel so as to subject the con 
crete in the mould to an outward radial com 
pression su?icient for deforming both the con 
crete and the deformable shell of the mould 
whereby said reenforcements are subjected to 
tension, and maintaining vthis compression for a 
time su?icient for permitting the concrete to 
harden to such a degree that the tensioned re 
enforcements cannot penetrate into said con 
crete. 

3. A process of manufacturing hollow reen 
forced concrete bodies, which comprises, placing 
between a deformable wall and a deformable 
mandrel a non-rectilinear reenforcement, pour 
ing concrete into said mould, subjecting said con 
crete to a treatment for removing the water in 
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.exoess that it contains, deforming the mandrel 
so as to subject the concrete to a compression 
sufiicient for deforming both said concrete and 
the deformable mould and to give the desired 
tension to the reenforcement, and maintaining 
this compression for a time su?icient for per 
mitting the concrete to harden to such a degree 
that the tensioned reinforcements can no longer 
penetrate into the concrete. 

4. A process according to claim 3 in which the 
compression of the concrete which subjects the 
reenforcement to tension takes place before the 
concrete has set. 

5. A process according to claim 3 in which the 
treatment for removing the water in excess in 
the concrete consists in vibrating the mould. 

6. A process according to claim 3 in which the 
treatment for removing the water in excess in the 
concrete consists in subjecting said concrete to 
a moderate pressure. 

'7. A process according to claim 3 in which the 
treatment for removing the water in excess in 
the concrete consists in simultaneously subject 
ing said concrete to a moderate pressure and 
vibrating the concrete in the mould. 

8. A process according to claim 3 which fur 
ther comprises ?rst placing rectilinear reenforce 
ments in the mould and subjecting them to ten 
sion before pouring‘ the concrete into the mould. 

9. An apparatus for the manufacture of hol 
low reenforced concrete articles, which comprises 
in combination, at least one expansible mandrel, 
means for expanding said mandrel, a deform 
able shell surrounding said mandrel consisting of 
a plurality of juxtaposed staves, a frame mov 
ably supporting said staves, and means interposed 
between said frame and said staves for control 
ling the relative position of said staves with re 
spect to said frame. 

10. An apparatus for the manufacture of hol 
low reenforced concrete articles according to 

5 
claim 9 in which the last mentioned means con 
sist of screw jacks. 

11. An apparatus for the manufacture of hol 
low reenforced concrete articles according to 
claim 9 in which the last mentioned means com- 5 
prise annular elements longitudinally movable in 
said frame, coacting wedges carried by said an 
nular elements and said staves, and means for 
moving said annular elements in a longitudinal 
direction with respect to said staves. 

- 12. An apparatus for the manufacture of hol 
low reenforced concrete articles according to 
claim 9 in which the last mentioned means com 
prise a tubular element surrotmding said staves, 
an elastic envelope interposed between said tubu 
lar element and said staves, and means for inject 
ing a ?uid under pressure between said tubular 
element and said envelope. 7 

13. An apparatus for the manufacture of hol 
low reenforced concrete articles according to 20 
claim 9 further comprising means for heating the 
concrete. 

14. An apparatus for the manufacture of hol 
low reenforced concrete articles according to 
claim 9 in which the expansible mandrel com 
prises a rigid core and a ?uidtight elastic enve 
lope surrounding said core, the means for ex 
panding said mandrel including conduits for 
feeding a ?uid under pressure between said core 
and said envelope. 

15. An apparatus for the manufacture of hol 
low reenforced concrete articles according to 
claim 9 which further comprises a hopper located 
above said mandrel and said shell, means for 
connecting the lower end of said hopper with 35 
the upper ends of said mandrel and said shell. 
and means for vibrating both the hopper and 
the concrete located between said mandrel and 
said shell. 
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