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(57) The present invention refers to a curing process,
and relevant curing cell, used for quick curing of concrete

parts, with the possibility of adjusting the temperature
reached by the parts in the curing cell once the concrete
setting reaction has started.
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Description

[0001] The present patent application refers to a con-
trolled curing process of concrete parts in cells, and to
the curing cell used for the process.
[0002] As it is known, once they have been cast in form-
works, concrete parts must be subjected to a process
commonly defined as "curing" in order to harden and ac-
quire compression strength.
[0003] Curing of concrete parts can be natural, when
the process is performed by simply exposing concrete
parts in the open air, or forced, when the process is per-
formed artificially.
[0004] Although natural curing ensures excellent tech-
nical-functional characteristics, this natural curing proc-
ess requires very long time, and this is not compatible
with the requirements of mass production.
[0005] This has determined the large diffusion of
forced curing, which is performed by keeping concrete
parts in enclosed insulated spaces to considerably ac-
celerate the starting and execution time of concrete hy-
dration reaction.
[0006] More precisely, steam is introduced inside the
enclosed spaces (which basically consist in cells) to in-
crease the internal temperature and accelerate the start
of concrete setting reaction.
[0007] Being of exothermic type, the reaction inside
the insulated cell "automatically" reaches the high tem-
peratures that ensure concrete curing.
[0008] Nevertheless, the temperature reached inside
the insulated cells cannot be controlled and, especially
in case of high external temperature, the reached value
is too high.
[0009] Practically speaking, this is a very negative
drawback: in spite of suitable hardness, the infinite com-
pression strength of concrete parts obtained with this
process is considerably lower than the strength of parts
obtained with natural curing at a lower temperature.
[0010] European standards have been recently issued
to regulate the curing process of concrete parts used in
heavy duty conditions (such as railway sleepers). The
standards set very exact limitations for the temperatures
reached by concrete while curing, imposing temperature-
time limit curves according to the type of concrete.
[0011] In view of the above, traditional forced curing
processes are no longer practicable due to their incapac-
ity to guarantee the required specifications of concrete
parts.
[0012] The purpose of the present invention is to de-
vise a curing process, together with relevant curing cell,
used for quick curing of concrete parts within the afore-
mentioned temperature-time limit curves in any time of
the year, independently from external temperature vari-
ations.
[0013] More precisely, according to the new process
of the invention concrete parts are stored in the cell and
heated at the beginning of the operational cycle. Heat is
extracted during the development of the setting reaction,

while ensuring air moisture close to saturation (being this
a necessary condition for correct concrete curing) and
uniform conditions anywhere in the cell.
[0014] The cell used for the curing process of the in-
vention is characterised by a series of fans for introduc-
tion-extraction and recirculation of air, and by a series of
nozzles used to spray water and steam; it being provided
that these devices operate according to predefined
modes according to the specific conditions of the accel-
erated curing process of concrete parts.
[0015] According to an alternative embodiment of the
same process, the reduction of the air temperature during
the concrete setting reaction is obtained by means of the
cooling action of a heat exchanger associated with the
curing cell, thus eliminating the cyclic change of air (in-
ternal-external) in the cell.
[0016] It appears evident that the presence of the heat
exchanger eliminates the need of fans for air introduction
and extraction, as well as the need of long expensive
piping required to connect the fans with the outside of
the building where the curing cell is located.
[0017] For major clarity the description of the invention
continues with reference to the enclosed drawings, which
are intended for purposes of illustration only and not in
a limiting sense, whereby:

- figure 1 is a side view of the curing cell used for the
process of the invention, after removing one of the
walls to show the internal structure of the cell;

- figure 2 is a top view of the cell, after removing the
upper lid;

- figure 3 is a cross-section of the cell with vertical
plane III-III of figure 2;

- figure 4 is a side view of an alternative embodiment
of the curing cell used for the process of the inven-
tion, after removing one of the walls to show the in-
ternal structure of the cell;

- figure 5 is a top view of the cell shown in figure 4;
- figure 6 is a cross-section of the cell shown in figure

5 with plane V-V.

[0018] With reference to the aforementioned figures,
the cell (1) used for the process of the invention is pro-
vided with insulated walls. One of the walls can be re-
moved to introduce and extract stacks of formworks (2)
where concrete parts are cast. The figures show the pres-
ence of a gap (I) between the formworks (2) of each stack
to favour air circulation.
[0019] With reference to figure 2, each of the form-
works (2) has four different parallel cavities in order to
form railway sleepers (T).
[0020] In the embodiment shown in the aforemen-
tioned figures, the removable wall of the cell (1) coincides
with the roof, which basically acts as a lid (3) that can be
handled by means of an overhead crane.
[0021] A gap (I) (of a few centimetres) exists between
the internal side of the lid (3) and the formworks (2) in
the upper section of the stack, being the same as the
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gaps (I) between two formworks. An identical gap (I) also
exists at the base of the stack of formworks (2); the stacks
rest on two parallel guides (G) fixed to the bottom of the
cell (1).
[0022] The internal side of the front wall (1 a) of the
cell (1) is provided with a series of axial fans (4) that
ensure air circulation and favour the creation of a contin-
uous laminar flow through the gaps (I) between the form-
works (2), as shown by the arrows (F) in figure 1.
[0023] In the preferred embodiment of the invention
shown in the aforementioned figures, the series of circu-
lation fans (4) is situated in a narrow space (V) bordered
by the front wall (1 a) and a counter-wall (5) with a series
of transversal slots (5a) regularly spaced at the same
distance as the gaps (I) and aligned with the gaps (I).
[0024] The purpose of the slotted wall (5) is to ensure
uniform air flows through the gaps (I) of the formworks
(2), without having to increase the distance between the
series of recirculation fans (5) and the stacks of form-
works (2).
[0025] The back wall (1 b) is provided with one or more
fans (6) used to extract air from the cell (1) and one or
more fans (7) used to introduce external air.
[0026] Each of the walls (1a, 1b) is provided with two
rows of spraying nozzles (8, 9); the first series is com-
posed of nozzles (8) used to spray steam and the second
series is composed of nozzles (9) used for water fogging.
[0027] According to the process of the invention, after
loading the cell (1) with formworks (2) and closing the
upper lid (3), the fans (4) for the recirculation of internal
air start operating, together with the steam spraying noz-
zles (8), until the temperature required to start the con-
crete setting reaction is reached inside the cell (1).
[0028] The first stage of the process of the invention
is performed by suitably adjusting the quantity of steam
introduced in the cell (1) in order increase the concrete
temperature according to the temperature-time curve es-
tablished for the specific concrete parts from time to time.
[0029] However, the start of the concrete setting reac-
tion generates a considerable quantity of heat that in-
creases the concrete temperature, with the risk of com-
pleting the curing process with no control on the temper-
ature-time curve.
[0030] Thanks to the solution provided by the present
invention, the temperature increase of concrete parts can
be controlled by interrupting the introduction of steam
and by operating the nozzles (8) used for water fogging.
As a matter of fact, during sudden evaporation, water
fogging spontaneously absorbs the heat generated dur-
ing the concrete setting reaction, thus reducing the con-
crete temperature increase.
[0031] Moreover, the introduction of water allows to
maintain high levels of relative air moisture in the cell (1).
[0032] As soon as air circulation in the cell (1) is no
longer capable of acting as cooling fluid for the concrete
parts being cured, due to moisture saturation and high
temperature values, the fans (6, 7) start operating to ex-
tract hot air saturated with moisture from the cell (1) and

introduce cool dry air from the outside.
[0033] The fans (6, 7) operate in intermittent mode and,
if necessary, perform air change cycles while concrete
parts are cured in the cell (1).
[0034] In order to optimise the air change ensured by
the fans (6, 7), the fans (6, 7) are preferably connected
to pipes ending outside the cell (1) and situated at con-
siderable mutual distance.
[0035] This eliminates any possible interference be-
tween the flow of hot air extracted from the cell (1) by the
fan (6) and the flow of cool air introduced in the cell (1)
by the fan (7). Obviously, interference between the two
flows would increase the temperature and moisture of
the external air introduced in the cell (1), thus reducing
the beneficial effect aimed at optimising the climatic con-
ditions of the cell.
[0036] The suitable adjustment of the quantity of water
sprayed inside the cell (1) and the quantity of air changed
by the fans (6, 7) permits to comply with the temperature-
time curves in any weather condition.
[0037] Of course, the adjustment of the operating pa-
rameters of the cell can be performed manually for ex-
perimental purposes only. The industrial application of
the process of the invention requires the presence of a
control unit used to set the most suitable operation of
components, according to concrete temperature, air tem-
perature and moisture in the cell, temperature and mois-
ture of the external air introduced in the cell, based on
the specific operational modes of the process.
[0038] As mentioned above, figures 4, 5 and 6 refer to
an alternative embodiment of the process of the inven-
tion, which eliminates the need for cyclic air change inside
the curing cell (1) and consequently eliminates the pres-
ence of the fans (6, 7) used to extract air saturated with
moisture from the cell and introduce cool dry air in the
cell, respectively.
[0039] As shown in the aforementioned figures, this
embodiment of the cell (1) is provided with a heat ex-
changer (10) fed with cold water or refrigerating fluid in
direct expansion.
[0040] In particular, the exchanger (10) is mounted on
the internal side of a wall of the cell (1), and the refriger-
ating unit (10a) is mounted on the external side of the cell.
[0041] As mentioned earlier, the exchanger (10) starts
operating as soon as an excessive temperature increase
of the concrete parts being cured inside the cell (1) is
sensed, in order to reduce the temperature of circulating
air inside the cell (1).
[0042] To that end, the exchanger (10) operates in in-
termittent mode, just like the fans (6, 7) used in the pre-
ceding embodiment of the cell (1).

Claims

1. Controlled curing process of concrete parts in cells,
of the type comprising the introduction of concrete
parts contained in formworks (2) in an insulated cell
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(1) and the introduction of steam in the cell (1) to
increase the concrete temperature according to a
predefined temperature-time curve, characterised
by the fact that:

- the formworks (2) are stacked in the cell (1) in
such a way that a gap (I) with constant height
exists above and below each formwork (2) for
the passage of air laminar flows
- the air with steam contained inside the cell (1)
circulates through the gaps (I) between the form-
works (2)
- the introduction of steam in the cell (1) is inter-
rupted when concrete parts reach the starting
temperature of the setting reaction and water
fog is sprayed in the cell (1) when concrete parts
exceed the predefined temperature value and
/or the moisture of the air inside the cell (1) drops
below the predefined value.
- the air temperature in the cell (1) is reduced as
soon an excessive temperature increase of the
concrete parts is sensed in the cell (1).

2. Process as defined in claim 1, characterised by the
fact that air temperature in the cell (1) is reduced by
changing the internal air with cool dry external air.

3. Process as defined in claim 1, characterised by the
fact that the air temperature in the cell (1) is reduced
by directly cooling the air.

4. Cell used to perform the curing process of the inven-
tion as defined in claims 1 and 2, of the type provided
with insulated walls, one being a removable wall (3),
and nozzles (8) for steam introduction, character-
ised by the fact that it comprises:

- one or more fans (4) for air circulation mounted
on the front (1a) and/or back wall (1 b)
- one or more (6) used to extract internal air and
one or more fans (7) used to introduce external
air, both mounted on the back (1 b) and/or front
wall (1 a)
- rows of water fog nozzles (9) mounted on the
front and back walls (1a, 1 b)
- a pair of raised guides (G) on the bottom of the
cell (1) to support stacks of formworks (2)
- means used to sense the temperature of the
concrete parts loaded in the cell (1)
- means used to sense the temperature and
moisture rate of the air in the cell (1)
- means used to sense the temperature and
moisture rate of the air outside of the cell (1).

5. Cell used to perform the curing process of the inven-
tion as defined in claims 1 and 3, of the type provided
with insulated walls, one being a removable wall (3),
and nozzles (8) for steam introduction, character-

ised by the fact it comprises:

- one or more fans (4) for air circulation mounted
on the front (1a) and/or back wall (1b)
- one heat exchanger (10) for direct cooling of
internal air
- rows of water fog nozzles (9) mounted on the
front and back walls (1 a, 1 b)
- a pair of raised guides (G) on the bottom of the
cell (1) to support stacks of formworks (2)
- means used to sense the temperature of the
concrete parts loaded in the cell (1)
- means used to sense the temperature and
moisture rate of the air in the cell (1)

6. Cell as defined in claims 4 or 5, characterised by
the fact that it is equipped with an electronic control
unit used to automatically activate the stages of the
process according to real-time information sensed
by the temperature and moisture detection means
and in compliance with the predefined temperature-
time curve.

7. Cell as defined in one or more of the claims 4 to 6,
characterised by the fact that the series of fans (4)
for air circulation is situated in a narrow space (V)
bordered by the front wall (1 a) and a counter-wall
(5) provided with a series of regularly spaced trans-
versal slots (5a) aligned with the gaps (I) between
two formworks in each stack loaded in the cell (1).
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