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three-dimensional object (UP);

b) During and/or after producing the three-dimensional
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Description
Technical field

[0001] The invention relates to a method for producing
a reinforced three-dimensional object from binder com-
positions with an additive manufacturing process and a
reinforced three-dimensional object.

Background art

[0002] In construction industry, curable binder compo-
sitions, such as e.g. mineral binder compositions, are
widely used for various applications. Examples of such
compositions are resin, mortar, concrete, grout, or screed
compositions.

[0003] Attempts have been made for some time to pro-
duce geometrically demanding construction elements
using additive manufacturing processes. The term "ad-
ditive manufacturing process" or "additive production re-
fers to processes in which a spatial object or a molded
body is produced by the targeted spatial deposition, ap-
plication and/or solidification of material.

[0004] The deposition, application and/or consolida-
tion of the material, e.g. the curable binder composition,
is carried out in particular on the basis of a data model
of the object to be generated and in particular layer-by-
layer. Thus, in the additive manufacturing process, each
objectis typically produced from one or more layers. Usu-
ally, a formless material (e.g. liquids, powders, granu-
lates, etc.) and/or a form-neutral material (e.g. tapes,
wires) is used to manufacture an object, which is sub-
jected in particular to chemical and/or physical processes
(e.g. melting, polymerizing, sintering, curing). Additive
manufacturing processes are also referred to as "gener-
ative manufacturing processes" or "3D printing", among
others.

[0005] Additive manufacturing in the construction sec-
tor is quickly developing and projects involving this tech-
nology are becoming more and more ambitious.

[0006] However, producing structural elements from
cementitious materials, such as mortars or concrete, by
additive manufacturing is a highly demanding task. While
cementitious materials are known for their high compres-
sive strength, they have a rather low tensile and flexural
strength. Therefore, structural elements made from
these materials usually need to be reinforced, e.g. with
steel rebars or fibers providing flexural strength.

[0007] Unlike traditional casting methods, with additive
manufacturing itis hardly possible to install the reinforce-
ment element, e.g. steel rebars, before producing the
object by additive manufacturing. This is because robots
or gantry printers will hardly be able to navigate safely
around complex reinforcement structures.

[0008] In order to circumvent these problems, WO
2015/034438 A1 (ETH; Sika Technology AG), proposes
a method of fabricating a 3-dimensional structure com-
prising the steps of: providing a mesh formwork element
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such thata cavity bound by atleast two opposing portions
of the mesh formwork is formed; accumulating a material
in the cavity; and allowing the material to harden; wherein
apertures in the at least two opposing portions of the
mesh formwork element are adapted to the hydro-static
pressure of the accumulated material or vice versa such
that at least two surfaces of the hardened material sub-
stantially take on the respective shapes defined by the
two opposing portions of the mesh formwork element.
[0009] Although this approach represents a suitable
solution to produce complex structures which would
hardly be obtainable by traditional casting techniques,
the production of the reinforcing formwork element is
rather complex.

[0010] Thus, there is still a need for new and improved
solutions that overcome the aforementioned disadvan-
tages as far as possible.

Disclosure of the invention

[0011] Itis an object of the presentinvention to provide
improved solutions for producing reinforced three-dimen-
sional objects from binder compositions, especially min-
eral binder compositions, with an additive manufacturing
process. In particular, the solution should allow for pro-
ducing three-dimensional objects thatare as light as pos-
sible while having tensile and flexural strengths as high
as possible.

[0012] Surprisingly, it was found that these objects can
be achieved with the method according to independent
claim 1.

[0013] Specifically, according to the invention, a meth-
od for producing a reinforced three-dimensional object
from a binder composition with an additive manufacturing
process comprises the steps of:

a) Applying a first curable binder composition, espe-
cially a mineral binder composition, with an additive
manufacturing device, especially having a movable
printing head, to produce the three-dimensional ob-
ject;

b) During and/or after producing the three-dimen-
sional object, forming atleast one cavity for receiving
a reinforcement element in the three-dimensional
object;

c) Insertion of a reinforcing element into the at least
one cavity;

d) Casting of the reinforcing element inside the at
least one cavity with a second curable binder com-
position which is chemically and/or physically differ-
ent from the first curable binder composition.

[0014] As it turned out, the inventive concept allows
for producing reinforced three-dimensional objects by
additive manufacturing in a highly efficient manner. Es-
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pecially, since the reinforcing element(s) are inserted into
the cavities of the three-dimension object after produc-
tion, there is no need to apply the curable binder com-
position around preinstalled reinforcements, which would
hinder deposition of the curable binder material. In con-
trast, the additive manufacturing process can be per-
formed essentially similar to a process of producing a
three-dimensional object without reinforcement.

[0015] Since the additive manufacturing allows for pro-
ducing objects with highly complicated structures, it is
possible to specifically design the three-dimensional ob-
ject with at least one or more cavities for receiving the
reinforcing element at an optimal position for reinforcing
the object. Thereby the weight impact of the reinforcing
elements can be minimized while the strength of the ob-
jects is maximized.

[0016] Furthermore, casting of the reinforcing element
inside the at least one cavity with a second curable binder
composition allows for establishing a highly reliable
bonding between the reinforcing element and the first
curable binder composition forming the three-dimension-
al object. Thereby, the second curable binder composi-
tion can be optimized in terms of flowability and/or bond-
ing properties such that the cavity around the reinforcing
element is completely filled, resulting in a perfectly em-
bedded and securely bonded reinforcing element. Thus,
compatibility problems can be avoided.

[0017] Due to the decoupling of the production of the
three-dimensional object and the installation of the rein-
forcing element, it is furthermore possible to use the ad-
ditive manufacturing device, or components thereof,
such as e.g. a mixing unit, for producing the second cur-
able binder composition after having produced the three-
dimensional object and/or for performing the casting of
the reinforcing element with the second curable binder
composition inside the at least one cavity.

[0018] In addition, the inventive method can be per-
formed with known equipment used in additive manufac-
turing or 3D printing, respectively. Thus, there is no need
to provide additional devices.

[0019] Further aspects are described below and are
subject of the further independent claims. Particularly
preferred embodiments are outlined throughout the de-
scription and the dependent claims.

Ways of carrying out the invention

[0020] Afirstaspectofthe presentinvention is directed
to a method for producing a reinforced three-dimensional
object from a binder composition with an additive man-
ufacturing process comprises the steps of:

a) Applying a first curable binder composition with
an additive manufacturing device, especially having
a movable printing head, to produce the three-di-
mensional object;

b) During and/or after producing the three-dimen-
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sional object, forming atleast one cavity for receiving
a reinforcement element in the three-dimensional
object;

c) Insertion of a reinforcing element into the at least
one cavity;

d) Casting of the reinforcing element inside the at
least one cavity with a second curable binder com-
position which is chemically and/or physically differ-
ent from the first curable binder composition.

[0021] Unless specified otherwise, in the presentcase,
the general expression "curable binder composition"
without further specification refers to both, the first and
the second curable binder composition.

[0022] A "curable binder" denotes a material that can
undergo a chemical reaction to harden into a solid. Typ-
ically curing of a curable binder is initiated by mixing with
a hardening agent, by heating, by irradiation with elec-
tromagnetic waves and/or by exposure to humidity.
[0023] Forexample,the curable binder can be selected
from reaction resins, mineral binders, mineral binder
compositions or mixtures thereof.

[0024] Reaction resins are in particular liquid or lique-
fiable synthetic resins that harden into duromers by po-
lymerization and/or polyaddition. For example, unsatu-
rated polyester resins, vinyl ester resins, acrylic resins,
epoxy resins, polyurethane resins and/or silicone resins
can be used.

[0025] A "curable mineral binder composition"is meant
to be a material, which comprises a mineral binder and
after addition of mixing water, can cure by a chemical
reaction to form a solid.

[0026] The term "mineral binder" refers in particular to
a binder which reacts in the presence of water in a hy-
dration reaction to form solid hydrates or hydrate phases.
This can be, for example, a hydraulic binder (e.g. cement
or hydraulic lime), a latent hydraulic binder (e.g. slag), a
pozzolanic binder (e.g. fly ash) or a non-hydraulic binder
(e.g. gypsum or white lime).

[0027] A "mineral binder composition" is accordingly a
composition containing at least one mineral binder. In
particular, it contains the binder, aggregates and/or one
ormore additives. Aggregates may be, forexample, grav-
el, sand (in natural and/or processed, e.g. crushed, form)
and/or filler. The mineral binder composition is in partic-
ular a fluid mineral binder composition mixed with mixing
water.

[0028] The expression "the curable binder composition
in the setting state" in particular means that the curable
binder composition is in a condition in which the setting
of the binder in the curable binder composition has start-
ed but is not yet complete.

[0029] A mineral binder composition is in the setting
state after mixing the mineral binder and optionally further
components, such as e.g. aggregates, with the mixing
water.
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[0030] Especially, the first curable binder and/or the
second curable binder are curable mineral binder com-
positions,

[0031] Especially, atleast the first curable binder com-
position is a curable mineral binder compositions. In par-
ticular both, the first and the second curable binder com-
positions are curable mineral binder compositions.
[0032] However,in aspecial embodiment, the first cur-
able binder composition is a curable mineral binder com-
position and the second curable binder is a reaction resin,
in particular a epoxy resin and/or a polyurethane resin.
[0033] The mineral binder comprised in the curable
mineral binder composition is preferably selected from
the group consisting of cement, gypsum, burntlime, slag,
and fly ash, and mixtures thereof. The curable mineral
binder composition preferably comprises at least one hy-
draulic binder, preferably a cementitious binder.

[0034] The hydraulic binderis preferably selected from
the group consisting of Portland cement, calcium alumi-
nate cement, calcium sulfoaluminate cement, and mix-
tures thereof.

[0035] The cement used may be any available cement
type or a mixture of two or more cement types, examples
being the cements classified under DIN EN 197-1: Port-
land cement (CEM I), Portland composite cement (CEM
1), blast furnace slag cement (CEM Ill), pozzolanic ce-
ment (CEM [V), and composite cement (CEM V). Ce-
ments produced according to an alternative standard,
such as the ASTM standard or the Indian standard, for
example, are of course equally suitable. Particularly pre-
ferred is a cement according to DIN EN 197-1, a calcium
sulfoaluminate cement, a calcium almninate cement, or
mixtures thereof, optionally in a mixture with calcium sul-
fate.

[0036] The most preferred is Portland cement or a ce-
ment including Portland cement according to DIN EN
197-1. Portland cement is particularly readily available
and allows mortars to have good properties.

[0037] Alsoespecially suitable are mixtures of Portland
cement, calcium aluminate cement, and calcium sulfate,
or mixtures of cement and calcium sulfoaluminate ce-
ment. Such binder mixtures allow short setting times and
high early strengths.

[0038] The curable composition, in particular the cur-
able mineral binder composition, preferably further com-
prises aggregates, especially mineral aggregates. Ag-
gregates are chemically inert, solid, particulate materials
and are available in various shapes, sizes and as different
materials, varying from extremely fine particles of sand
to large coarse stones. All aggregates typically employed
for concrete and mortar are suitable in principle.

[0039] Examples of particularly suitable fillers are rock
particle size fractions, gravel, sand, especially silica sand
and limestone sand, comminuted stones, calcined peb-
bles or lightweight fillers such as expanded clay, expand-
ed glass, foamed glass, pumice, perlite, and vermiculite.
Other advantageous aggregates are calcium carbonate,
aluminum oxide, amorphous silica (silica fume), or crys-
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talline silica (quartz flour).

[0040] The particle size is guided by the application
and is situated in the range from 1 pum to 32 mm or more.
Preference is given to mixing different particle sizes in
order to provide optimum establishment of the properties
of the curable mineral binder composition. Aggregates
composed of different materials can also be mixed. The
particle size may be determined by means of sieve anal-
ysis.

[0041] Preferred aggregates are those having particle
sizes of not more than 8 mm, more preferably not more
than 5 mm, more preferably still not more than 3.5 mm,
most preferably not more than 2.2 mm.

[0042] The curable binder composition, especially the
curable mineral binder composition, preferably compris-
es aggregates of which at least 30 wt %, more preferably
at least 40 wt %, most preferably at least 50 wt % are
smaller than 2 mm, preferably smaller than 1 mm, more
preferably smaller than 0.5 mm, based on a total amount
of 100 wt % of all aggregates in the curable binder com-
position. Suitable aggregates of low particle size are, in
particular, fine silica sands or calcium carbonate pow-
ders.

[0043] Curable binder compositions having such par-
ticle sizes are readily conveyable, can be mixed well in
mixers, especially dynamic mixers.

[0044] There are specific applications in which aggre-
gates having particle sizes of up to 32 mm may also be
used, more preferably up to 20 mm, most preferably up
to 16 mm.

[0045] Especially, the first and/or the second curable
binder composition includes one or more additive(s).
[0046] As for example, the additive is a concrete ad-
mixture and/or a mortar admixture and/or a process
chemical.

[0047] The additive may comprise a wetting agent, a
die, a preservative, a plasticizer, a retarder, an acceler-
ator, a polymer, a rheological assistant, a viscosity mod-
ifier, a pumping assistant, a shrinkage reducer, or a cor-
rosion inhibitor, or combinations thereof.

[0048] A proportion of the additive in particular is from
0.001 - 15 wt.%, especially 0.01 - 10 wt.% with respect
to the total weight of the curable binder composition.
[0049] Especially preferred, in the first curable binder
composition, the additive is selected from accelerators
and/or plasticizers.

[0050] An accelerator comprises for example at least
one compound selected from the group consisting of ami-
no alcohols, alkali metal and alkaline earth metal nitrates,
alkali metal and alkaline earth metal nitrites, alkali metal
and alkaline earth metal thiocyanates, alkali metal and
alkaline earth metal halides, alkali metal and alkaline
earth metal carbonates, glycerol, glycerol derivatives,
glycols, glycol derivatives, aluminum salts, aluminum hy-
droxides, alkali metal and alkaline earth metal hydrox-
ides, alkali metal and alkaline earth metal silicates, alkali
metal and alkaline earth metal oxides, crystallization nu-
clei, and mixtures thereof.
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[0051] An accelerator is preferably metered in an
amount such that curable binder composition remains
readily processable and/or shapeable for several sec-
onds to several minutes. This allows the curable binder
composition, especially the first curable mineral binder
composition, for example to be used and optimized for
additive manufacturing processes, e.g. 3D printing.
Thereby, layers of the curable binder composition can
be applied uniformly whereby said layers develop a good
cohesion. Additionally, the surface of the shaped body
produced can, if desired, be subsequently after treated
for example.

[0052] Examples of suitable plasticizers include ligno-
sulfonates, sulfonated naphthalene-formaldehyde con-
densates, sulfonated melamine-formaldehyde conden-
sates, sulfonated vinylcopolymers, polyalkylene glycols
having phosphonate groups, polyalkylene glycols having
phosphate groups, polycarboxylates or polycarboxylate
ethers, or mixtures of the stated plasticizers; polycarbox-
ylate ethers are understood to comprise comb polymers
having anionic groups on the polymer backbone and hav-
ing polyalkylene oxide side chains, the anionic groups
being selected in particular from carboxylate groups, sul-
fonate groups, phosphonate groups, or phosphate
groups.

[0053] In particular, in the second curable binder com-
position, the additive is selected from plasticizers and/or
shrinkage reducers.

[0054] A shrinkage reducer can e.g. be selected from
polyoxyalkylenes, alkylamines, and/or oxyalkylamines.
[0055] In particular, the first and/or the second curable
binder composition is produced in the setting state by
mixing of the components of the curable binder compo-
sition in a mixing unit. Most preferably, the first curable
binder composition is continuously produced in the set-
ting state, especially during the application of the curable
binder composition in step a) and/or the second curable
mineral binder composition is produced in the setting
state during step d).

[0056] In particular, the first and/or the second curable
binder composition is introduced into a mixing unit, es-
pecially a dynamic mixing device, of the additive manu-
facturing device in dry form and/or in the form of a dry
mortar or dry concrete composition. Thereby, a hardener
or water preferably is added into the mixing unit sepa-
rately from the curable mineral binder composition to pro-
duce the curable binder composition in the setting state
in the mixing device.

[0057] Further preferred, if used, the at least one ad-
ditive is added to the mixing device separately from the
curable binder composition(s) too. However, it might be
added together with the water and/or other components.
[0058] Separately introducing water and/or the addi-
tive into the mixing device allows for controlling the flow,
setting and/or hardening properties of the curable binder
composition precisely during step a) and/or step d).
[0059] In another preferred embodiment, the first
and/or the second curable binder composition is intro-
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duced into the mixing unit in wet form and/or in the form
of a mortar or concrete composition premixed with water
and optionally at least one further additive as described
above, e.g. a plasticizer.

[0060] Especially, the first and/or the second curable
binder composition comprises a mineral binder and ag-
gregates, especially sand. Thereby, preferably, a weight
ratio of the aggregates to the mineral binder is from 5:1
- 1:2, especially 4:1 - 1.2:1.

[0061] Highly preferred, water in the first and/or the
second curable binder composition, especially curable
mineral binder composition, is used with a proportion of
25 - 70 wt.%, especially 30 - 50 wt.%, in particular 35 -
45 wt.%, with respect to the total weight of the binder,
especially mineral binder, in the binder composition.
[0062] The forming of the atleast one cavity for receiv-
ing areinforcement element in the three-dimensional ob-
ject in step b) can take place during and/or after step a)
orthe production of the three-dimensional object, respec-
tively.

[0063] In a highly preferred embodiment, the at least
one cavity is at least partly, especially completely, formed
during step a) by appropriate shaping of the three-dimen-
sional object. Thereby, steps a) and b) at least partly take
place simultaneously.

[0064] In this case, preferably, the at least one cavity
is defined in a structural data model of the three-dimen-
sional object used to produce the three-dimensional ob-
ject with the additive manufacturing device. The structur-
al data model may be stored in a memory module of a
control unit of the additive manufacturing device

[0065] Forming the at least one cavity at least partly
during step a) allows for reducing the effort required to
subsequently forming the cavity in the already produced
three-dimensional object and the dimension, position
and/or volume of the cavity can be optimized in view of
the reinforcement required.

[0066] However, itis also possible to form the at least
one cavity at least partly, especially completely, by re-
moving material from the produced three-dimensional
object after step a). Thereby, atleast partly, step b) takes
place after step a). Removing material can e.g. be effect-
ed by drilling, milling and/or blasting.

[0067] Such an implementation allows for example for
deciding about the position of the reinforcement after the
three-dimensional object has been produced. This ap-
proach is somehow more flexible since the dimension of
the at least one cavity can be adapted to the reinforce-
ment element without need for providing another data
model of the three-dimensional object to be produced.
[0068] Especially, the two approaches for forming the
cavities can be combined. For example, a first section of
the at least one cavity, e.g. an inner part of the at least
one cavity, can be formed during step a) while a second
section, e.g. an outer part of the at least one cavity, is
formed after step a) by removing material from the pro-
duced three-dimensional object. In this case, the effort
for removing the material can be reduced while the at
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least one cavity can still be adapted to the reinforcement
element to a certain extent.

[0069] As mentioned above, the first and the second
curable binder composition in a preferred embodiment
both are curable mineral binder compositions.

[0070] Thereby, especially preferred, the second cur-
able mineral binder composition comprises the same
type of mineral binder and the same type of aggregates
as the first curable mineral binder composition, whereby
preferably the weight proportions of the mineral binders
and the aggregates are identical in the two curable min-
eral binder compositions.

[0071] In particular, in terms of the solid components,
the second curable mineral binder composition is identi-
cal with the first curable mineral binder composition.
[0072] Thereby, the curable mineral binder composi-
tion can for example be produced from one and the same
dry mortar or concrete composition. This makes the over-
all process more efficient and the chemical and/or phys-
ical difference between the two curable mineral binder
compositions can e.g. be produced by different propor-
tions of water, different additives and/or different propor-
tion of an additive.

[0073] Thus, in particular, the second curable mineral
binder composition differs from the first mineral binder
composition, especially exclusively, in the proportion of
water, the nature of an additive and/or a proportion of an
additive.

[0074] Especially, a proportion of water to the mineral
binder is lower in the first curable mineral binder compo-
sition when compared with the second curable mineral
binder composition. This allows for producing a second
curable mineral binder composition that is more fluid than
the first one.

[0075] In particular, the second curable binder compo-
sition, especially a curable mineral binder composition,
has a lower viscosity than the first binder composition,
especially a curable mineral binder composition.

[0076] Curable binder compositions with good flowa-
bility and/or low viscosity are highly suitable for casting
the reinforcing element inside the at least one cavity.
However, for producing the three-dimensional object by
additive manufacturing in step a), a curable binder com-
position with higher viscosity and/ lower flowability is bet-
ter suitable.

[0077] Especially preferred, the second curable binder
composition is a self-levelling composition. Self-levelling
compositions are very fluid binder compositions than can
be placed and tightened under the alone effect of gravity,
especially without calling for any vibrations.

[0078] In particular, the self-levelling composition has
a consistency class of at least S4, especially S5, and/or
it has as slump of 160 - 210 mm, especially > 220 mm,
according to EN 206-1:2013 + A1 2016.

[0079] A consistency class of the first binder composi-
tion preferably is S1, S2 or S3 and/or it has a slump of
atmost 150 mm, according to EN 206-1:2013 + A1 2016.
[0080] Especially, the reinforcement element is a rod
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or a ribbon.

[0081] Inparticular, the reinforcementelementis made
from metal, plastics, fiber composite materials, glass fiber
reinforced plastics, carbon fiber reinforced plastics. Plas-
tics can e.g. be selected from epoxy resins, epoxy vinyl
ester resin, polyamide, polyvinyl alcohol and/or poly(eth-
ylene-vinyl acetate).

[0082] In particular the reinforcement elementis made
from metal, especially steel. In particular, the reinforce-
ment element is a steel rod.

[0083] However, in another embodiment, the rein-
forcement element is made from synthetic material, es-
pecially a composite material comprising load-bearing
fibres kept together by an organic synthetic material.
Thereby, preferably, the load-bearing fibres are fully im-
pregnated and embedded within the organic synthetic
material.

[0084] The load-bearing fibres may comprise carbon
fibers, basalt fibers, glass fibers and/or synthetic fibers,
whereby the synthetic fibers are selected from aramid
fibers, polyhydroquinone-diimidazopyridine fibers and/or
poly(p-phenylen-2,6-benzobisoxazol) fibers. Especially,
the load-bearing fibres consist of carbon fibers.

[0085] The organic synthetic material may be a ther-
moset and/or a thermoplast, especially selected from
epoxy resins, epoxy vinyl ester resin, polyamide, polyvi-
nyl alcohol and/or poly(ethylene-vinyl acetate).

[0086] With respect to the total weight of a composite
material, the composite material may comprise 40 - 99
wt.%, especially 50 - 95 wt.%, of load-bearing fibers and
1-60wt.% especially 5 - 50 wt.%, of the organic synthetic
material.

[0087] Especially, in step c) at least one reinforcing
element, in particular exactly one reinforcing element, is
inserted into the at least one cavity.

[0088] In case of more than one cavity, at least one,
especially exactly one, reinforcing element preferably is
inserted in each cavity.

[0089] Insertion of a reinforcing element into the at
least one cavity in particular takes place after steps a)
and/or b).

[0090] Especially, a shape of the hollow space of the
at least one cavity is cylindrical, prismatic and/or cuboid.
For example, the shape is circular cylindrical, triangular
prismatic and/or rectangular cuboid. However, more
complex shapes can be realized as well, especially if
several reinforcing elements cross each other in the
three-dimensional object.

[0091] The at least one cavity preferably has a length
of at least 50%, especially at least 75%, in particular 80
- 100%, of the length the three-dimensional object in a
direction of the longitudinal axis of the at least one cavity.
Especially, the longitudinal axis of the at least one cavity
runs along the length, the width or the height of the three-
dimensional object.

[0092] Especially, the reinforcement element intro-
duced in the at least one cavity has a length of at least
50%, especially at least 75%, in particular 80 - 120%, of
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the length of the at least one cavity and/or of a length of
the three-dimensional object in a direction of the longitu-
dinal axis of the at least one cavity.

[0093] Thus, in this case, the reinforcing element ex-
tends over a significant length, width and/or height of the
three-dimensional object resulting in an effective rein-
forcement of the three-dimensional object.

[0094] In a special embodiment, the reinforcement el-
ementintroduced into the at least one cavity has a length
more than 100%, especially at least 105%, in particular
at least 110%, of the length of the at least one cavity
and/or of a length of the three-dimensional object in a
direction of the longitudinal axis of the at least one cavity.
Such a configuration is for example advantageous if the
three-dimensional object needs to be prestressed as de-
scribed in the following.

[0095] Further preferred, after step c) and/or after step
d), the three-dimensional object is prestressed along the
direction of the reinforcing element. This can be used to
furtherincrease the load capacity of the three-dimension-
al object.

[0096] Especially, the three-dimensional object is pre-
stressed such that the three-dimensional object bends
in a direction against an intended load direction of the
three-dimensional object. Thereby, in particular, the re-
inforcing element runs in an essentially horizontal direc-
tion and/or the reinforcing element, with respect to a ver-
tical direction of the three-dimensional object, is arranged
in a lower half, especially in a lower quarter, of the three-
dimensional object.

[0097] In particular, prestressing is realized by com-
pressing the three-dimensional object and keeping it in
the compressed position with the help of the reinforcing
element. In this case, for example, the reinforcement el-
ement introduced in the at least one cavity has a length
more than 100% of the length of the at least one cavity
and/or of a length of the three-dimensional object in a
direction of the longitudinal axis of the at least one cavity.
[0098] The free ends of the reinforcing element then
can be used to attach at each free end a stop element.
Especially, the stop element is larger in size than a cross
section perpendicular to the longitudinal axis of the at
least one cavity. In this case, the stop element cannot
enter the cavity. The stop element can e.g. be a nut, a
splint, a clamp and/or a thickened section of the free end.
[0099] Preferably one of the stop elements is movable
in a direction along the longitudinal axis of the reinforcing
element. Especially, the stop element is a nut received
on thread on at least one the free ends.

[0100] The term "additive manufacturing method" or
"additive manufacturing” refers to methods in which a
three-dimensional object is produced by selective three-
dimensional deposition, application and/or solidification
of material. In this process, the deposition, application
and/or solidification of the material takes place in partic-
ular based on a data model of the object to be produced,
and in particular in layers or sheets. In the additive man-
ufacturing method, each object is typically produced from
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one or a plurality of layers. Accordingly, an additive man-
ufacturing device is a device capable of performing such
methods.

[0101] Especially, in step a) the three-dimensional ob-
ject is applied with the additive manufacturing device in
atleastonelayer, especiallyin a plurality of layers. There-
by, preferably, the application is effected by means of a
print head that is moveable in at least one, especially in
three, spatial direction(s).

[0102] The additive manufacturing device used in the
present invention in particular performs a generative free
space additive manufacturing process. This means that
the three-dimensional object is formed layer by layer,
namely by applying the first curable mineral binder com-
position only at those points where the three-dimensional
object is to be formed. In the case of overhangs and/or
cavities, a support structure can optionally be provided.
In contrast, in powder bedding or liquid processes, for
example, the entire space is typically filled and the ma-
terial is then selectively solidified at the desired locations.
[0103] Free-space processes have proved to be par-
ticularly advantageous in connection with the production
of reinforced three-dimensional objects from curable
mineral binder compositions.

[0104] The three-dimensional object produced in step
a) can have almost any desired shape and can, for ex-
ample, be a finished part for a structure, e.g. for a building,
a masonry structure and/or a bridge.

[0105] In particular, the additive manufacturing device
comprises:

- a mixing unit, especially a dynamic mixing device,
for producing the first curable binder and/or the sec-
ond curable binder composition in the setting state;

- aprinting head movable in at least one spatial direc-
tion, especially with a movement device, for applying
the first curable binder composition and/or the sec-
ond curable binder composition in the setting state.

[0106] The mixing unit for producing the first curable
binder and/or the second curable binder composition in
the setting state can be included in the printing head
and/or it can be located at a position spaced apart from
the printing head.

[0107] Inthe first case, the components of the curable
binder composition can be conveyed separately via sup-
ply lines to the mixing unit. In the latter case, the additive
manufacturing device additionally comprises a supply
line for conveying the curable binder composition in the
setting state from the mixing unit to the printing head.
[0108] Optionally the additive manufacturing device
furthermore comprises at least one additive supply de-
vice whereby the additive supply device preferably is ar-
ranged at the printing head and/or in a supply line up-
stream the printing head, which additive supply device
is configured to add an additive to the curable binder
composition in the setting state. This allows for specifi-
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cally adjusting the properties of the curable binder com-
position in the setting state by adding the additive before
the binder composition is applied with the printing head.
[0109] Especially preferred, in step a) the first curable
binder composition produced in the mixing unitis applied
with the printing head, especially in a layer-by-layer ap-
plication, to produce the three-dimensional object in step
a).

[0110] For applying the first curable binder composi-
tion in the setting state, the printing head is in particular
controlled on the basis of a structural data model of the
three-dimensional object. The structural data model may
be stored in a memory module of a control unit of the
additive manufacturing device.

[0111] Preferably, both curable binder compositions
are produced in the same mixing unit of the additive man-
ufacturing device. Thereby, preferably, the first curable
binder composition is produced with a first additive and
the second binder compositionis produced with a second
additive, whereby the first and the second additive are
chemically different.

[0112] This turned out to be highly effective without
need for additional equipment.

[0113] In particular, the additive manufacturing device
comprises two separate inlets for introducing the two dif-
ferent additives separately into the mixing unit and/or a
switchable valve, which allows for introducing either the
first or the second additive.

[0114] Especially, the first additive comprises an ac-
celerator and/or a plasticizer; and/or the second additive
comprises a plasticizer and/or a shrinkage reducer.
[0115] Especially, the mixing device of the additive
manufacturing device is a dynamic mixing device. This
is meant to be a mixing device whereby the mixing is
effected by at least one moving mixing element. In con-
trast, a static mixer is a mixing device without any moving
mixing elements.

[0116] Especially, the dynamic mixing device compris-
es at least one dynamic mixing element, especially a ro-
tatable mixing element, for mixing the components, which
is operated at a speed of 500 - 2’000, especially 600 -
1’700, most preferably of 1°000 to 1’500, revolutions per
minute.

[0117] The mean residence time of the components in
the dynamic mixing device in step b) in particular is from
1-30 s, especially 5 - 20 s, in particular 10 - 15 s. The
mean residence time of the curable binder composition
in the dynamic mixing device is the average period of
time for which a particle resides in the dynamic mixing
device, from introduction to the removal. The mean res-
idence time can for example be controlled by the con-
veying speed of the components introduced into and/or
removed from the dynamic mixing device.

[0118] The dynamic mixing device preferably compris-
esadrumhaving atleast one inletand one outlet, a drive,
a stirring shaft for mixing the components, said stirring
shaft being arranged in the drum and being coupled to
the drive. In this embodiment, the stirring shaftis a special
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kind of a stirring element.

[0119] In one advantageous exemplary embodiment,
the stirring shaft is equipped with pegs such that, while
the stirring shaft rotates, a mix in the drum is moved by
the pegs. This has the advantage that, as a result, effi-
cient and homogeneous mixing of the different compo-
nents can be achieved. Furthermore, a specific arrange-
ment and configuration of the pegs can influence both
mixing and conveying of the mix in the drum.

[0120] Such stirring shafts having pegs are suitable in
particular for mixing components with large grain sizes,
for example grain sizes of 2 to 10 mm. These can be for
example aggregates such as stones, gravel or sand. In
addition, such a mixer is also suitable for mixing asym-
metrical substances, for example mixes having fiber ad-
mixtures (for example carbon fibers, metal fibers or syn-
thetic fibers).

[0121] In an alternative exemplary embodiment, the
stirring shaft is not equipped with pegs but is configured
for example as a helical stirrer, disk stirrer or inclined-
blade stirrer.

[0122] More preferably, the dynamic mixing device is
connected with a conveying device and/or it comprises
a conveying device. Especially preferred, the conveying
device is arranged in the drum.

[0123] Inone advantageous embodiment, the convey-
ing device is arranged in a manner directly adjoining the
stirring shaft such that the mix mixed by the stirring shaft
is able to be collected directly by the conveying device
and is able to be conveyed out of the drum through the
outlet.

[0124] In one advantageous exemplary embodiment,
the conveying device and the stirring shaft are arranged
on one and the same driveshaft, wherein said driveshaft
is drivable by the drive. This has the advantage of result-
ing in a cost-effective and robust device.

[0125] In an alternative exemplary embodiment, the
conveying device and the stirring shaft are arranged on
two separate driveshafts, wherein the conveying device
is arranged on a first driveshaft and the stirring shaft is
arranged on a second driveshaft, with the result that the
conveying device and stirring shaft are drivable at differ-
ent speeds. Such an arrangement has the advantage
that, as a result, the mixing and conveying of the mix can
be set separately from one another. In this way, for each
particular purpose, optimum mixing and conveying can
be achieved through a specifically adaptable mixing rate
and conveying rate. For example, for a first application,
slight mixing with a simultaneously high conveying rate
and/or conveying at high pressure may be advanta-
geous, and for a second application, intensive mixing with
a simultaneously low conveying rate and/or conveying
at low pressure may be advantageous.

[0126] In one advantageous exemplary embodiment,
the stirring shaft and the conveying device are arranged
next to one another in the drum, wherein the stirring shaft
is arranged in a first drum section and the conveying de-
vice is arranged in a second drum section, and wherein
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theinletis arranged in the first drum section and the outlet
is arranged in the second drum section.

[0127] In one advantageous development, the first
drum section with the stirring shaft arranged therein
forms between 50% and 90%, preferably between 60%
and 85%, particularly preferably between 70% and 80%,
of a volume of the drum. It has been found that, as a
result of such a division of the drum, an optimum mixing
rate with a desired conveying rate of the mixer can be
achieved.

[0128] In one advantageous exemplary embodiment,
the conveying element is configured as a screw convey-
or. In one advantageous development, the screw con-
veyor has atleast one, preferably at least two turns. Such
a screw conveyor has the advantage that, as a result,
even highly viscous mixes can be conveyed in the drum
and, in addition, can be conveyed out of the drum through
the outlet at a desired pressure.

[0129] Inafurther advantageous development, a cross
section of a shaft of the conveying device can be config-
uredinavariable mannerinthe direction of the driveshaft.
In this case, a volume for the mix becomes smaller toward
one end of the conveying device. As aresult, a conveying
pressure of the conveying device can be changed de-
pending on the orientation of the reduction in size of the
volume for the mix.

[0130] In one advantageous development, more than
two turns can be formed. In addition, the turns can have
different extents in the direction of the driveshaft. wherein
the turns become tighter toward one end of the conveying
device. As aresult, a conveying pressure of the convey-
ing device can be changed depending on the orientation
of the tightening of the turns.

[0131] Especially, the dynamic mixing device is con-
nected with a feed device with which the binder, aggre-
gates, water and/or at least one additive can be added
to the mixing device, preferably independently of each
other. For this, the feed device preferably has at least
two, especially at least three, separate inlets configured
for discharging the components individually into the dy-
namic mixing device. With that, the composition of the
curable binder composition(s) can be adapted atany time
and in a flexible manner.

[0132] Inorderto mix components together and to con-
vey them, it is possible for only one inlet or two or more
inlets to be arranged on the drum. In this case, the com-
ponents can for example be combined before they are
passed into the drum, or the components can be passed
into the drum via separate inlets and only be mixed to-
gether once they are in the drum.

[0133] Depending on the number and arrangement of
the inlets, the stirring shaft and the stirring elements ar-
ranged thereon, such as pegs, for example, can be con-
figured differently.

[0134] Especially, the second curable binder is pro-
duced in the mixing unit of the additive manufacturing
device and filled in the at least one cavity with the printing
head for casting of the reinforcing element inside the at
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least one cavity in step d).

[0135] This further reduces the equipment required.
However, it is possible as well to fill the second curable
binder into the at least one cavity with a separate device
and/or manually.

[0136] A further aspect of the present invention is di-
rected to areinforced three-dimensional object produced
by an additive manufacturing process, especially obtain-
able by a method as described above, whereby the re-
inforced three-dimensional object is made from a first
curable binder composition, especially a curable mineral
binder composition, whereby at least one reinforcement
element is casted in at least one cavity of the three-di-
mensional object with a second curable binder compo-
sition, especially a curable mineral binder composition,
which is chemically and/or physically different from the
first curable mineral binder composition.

[0137] Further advantageous implementations of the
invention are evident from the exemplary embodiments.

Brief description of the drawings

[0138]
show:

The drawings used to explain the embodiments

Fig. 1 aschematicillustration of an exemplary dynam-
ic mixing device with integrated conveying de-
vice suitable for producing curable mineral
binder compositions;

Fig.2 a schematic illustration of a mixing device for
mixing a pulverulent components and liquid
components;

Fig. 3 a schematic illustration of an exemplary addi-
tive manufacturing device with the mixing de-
vice of Fig. 1 arranged on the printing head suit-
able for applying curable mineral binder com-
positions;

a cuboid element reinforced with a steel bar in
a central cavity produced according to the in-
ventive method;

Fig. 4

Fig. 5 atable reinforced with four steel bars produced

according to the inventive method;
Fig. 6  a cross section through a further three-dimen-
sional object that was produced with the inven-
tive method and prestressed with the reinforc-
ing element and additional stop elements;
Fig. 7  a cross section through a still further three-di-
mensional object that was produced with the
inventive method and prestressed such that the
three-dimensional object bends in a direction
against an intended load.
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Exemplary embodiments

Method and device for additive manufacturing

[0139] Fig. 1illustrates an exemplary mixer 1. The mix-
er 1 has a drive 3, a drum 2, a stirring shaft 4, and a
conveying device 5. The drum 2 in this case has two
inlets 6 and one outlet 7. The inlets 6 are in this case
located in a first drum section 10, in which the stirring
shaft is arranged, and the outlet 7 is located in a second
drum section 11, in which the conveying device 5 is also
arranged.

[0140] In this exemplary embodiment, two inlets 6 are
arranged on the drum 2. In an alternative exemplary em-
bodiment, which is not illustrated, the drum 2 can for ex-
ample have only one inlet, however. In this case, the
components to be mixed can already be combined before
they are conveyed into the drum 2 via the inlet. In other
alternative embodiments, the drum can have three or
more inlets for introducing three or more components to
be mixed separately.

[0141] In this case, the conveying device 5 is arranged
in a manner directly adjoining the stirring shaft 4 such
that the mix mixed by the stirring shaft 4 is able to be
collected directly by the conveying device 5 and is able
to be conveyed out of the drum 2 through the outlet 7.
[0142] In this exemplary embodiment, the conveying
device 5 is configured as a screw conveyor. The screw
conveyor in this exemplary embodiment has two com-
plete turns 9. Depending on the desired conveying rate,
the screw conveyor can be dimensioned or configured
in some other way. The conveying device 5 and the stir-
ring shaft 4 are arranged on one and the same axis in
the drum 2. In this exemplary embodiment, the stirring
shaft4is equipped with pegs 8 such that, while the stirring
shaft rotates, a mix in the drum is moved by the pegs 8.
[0143] Fig. 2 again illustrates an exemplary mixer 1
having a feeding device 12 at one of the inlets. A first
component 20, and a second component 22 are contin-
uously fed to the mixer 1 via a first feed line 21 and via
a second feed line 23, respectively.

[0144] For example, in this case, the first component
20 can be a pulverulent component, e.g. a curable min-
eral binder composition in the form of a dry mortar com-
position, which is fed into the hopper of the feeding device
12 via the first feed line 21, and the second component
22 can be for example a liquid or pumpable substance,
e.g. water and optionally an additive, e.g. plasticizer,
which is passed directly into the drum of the mixer 1 via
the second feed line 23.

[0145] During the mixing operation, the dry mortar
composition is mixed with water and the optional additive,
whereby a curable mineral binder in the setting state is
produced which is conveyed through the outlet 25 of the
mixer by the conveying device 5.

[0146] Fig. 3 illustrates an additive manufacturing de-
vice 100 for applying a curable mineral binder composi-
tion for producing a three-dimensional object.
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[0147] The system 100 comprises a movement device
102 with a movable arm 102.1. A print head 103 is at-
tached to the free end of the arm 102.1, which can be
moved by the arm 102.1 in all three spatial dimensions.
Thus, the print head 103 can be moved to any position
in the working area of the motion device 102.

[0148] Inside, the printhead 103 has a tubular passage
103.1 passing through from the end face facing the arm
102.1 (at the top in Fig. 3) to the opposite and free end
face. The tubular passage is configured for conveying a
curable binder composition. At the free end, the passage
103.1 opens into an outlet nozzle 104.

[0149] The printhead 103 comprises afirstinlet device
105 consisting of a supply device, e.g. a pump, and an
inlet nozzle, which opens into passage 103.1. Through
the inlet nozzle of the inlet device 105, an additive, for
example a rheological aid, can be added to the curable
binder composition flowing through the passage 103.1
as required.

[0150] Furthermore, inside the print head 103, down-
stream with respect to the inlet devices, a dynamic mixer
106 is arranged in the passage 103.1, which additionally
mixes the curable binder composition and the additive.
However, the dynamic mixer 106 is optional and can for
example be replaced by a static mixer or omitted.
[0151] The system 100 for applying a curable building
material also has a feed device 109 which corresponds
on the input side to three containers 111.1, 111.2, 111.3
and an additive reservoir 111.4. Each of the three con-
tainers 111.1, 111.2, 111.3 contains one component of
the curable building material. The first component, which
is present in the first container 111.1, is a dry mineral
binder composition, e.g. cement or dry mortar. The sec-
ond component, which is presentin the second container
111.2, consists of water, for example. The third compo-
nent present in the third reservoir 111.3 is, for example,
a superplasticizer in the form of a polycarboxylate ether.
In the additive reservoir 111.4 there is present, for exam-
ple, a rheological aid in the form of modified cellulose
and/or a microbial polysaccharide.

[0152] On the output side, the feed device 109 has
three separate outlets, each of which is connected to one
of three inlets 6a, 6b, 6¢ of a mixing device 1'. The feed
device 109 also has individually controllable metering de-
vices (not shown in Fig. 3), so that the individual compo-
nents in the individual containers 111.1,111.2,111.3 can
be metered individually into the mixing device 1°.
[0153] A further outlet of the feed device is connected
to the inlet nozzle 105 (not shown in Fig. 3), so that ad-
ditive can be fed from the additive reservoir 111.4 into
the inlet nozzle 105 via a further metering device of the
feed device 109.

[0154] The mixing device 1’ is similar in design to the
mixing device shown in Fig. 1 but has three inlets 6a, 6b,
6¢. In the mixing device 1’, the individually metered com-
ponents are mixed together and conveyed into the flex-
ible line 112 attached to the outlet side of the mixing de-
vice 1’. In operation, the mixing and conveying of the
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curable binder composition can take place continuously.
[0155] The curable binder composition can be con-
veyed into the print head 103 via the flexible line 112,
which opens into the tubular passage 103.1, and contin-
uously applied through the outlet nozzle 104.

[0156] Also, part of the system 100 is a measuring unit
113, which is integrated into the delivery line 112 in the
area between the mixing device 100 and the print head
103. The measuring unit includes, for example, an ultra-
sonic transducer which is designed to determine the flow
properties of the curable material.

[0157] A central control unit 114 of the system 100 in-
cludes a processor, a memory unit, and a plurality of in-
terfaces for receiving data and a plurality of interfaces
for controlling individual components of the system 100.
[0158] In this regard, the mixing device 1’ is connected
to the control unit 114 via a first control line 115a, while
the feeding device 109 is connected to the control unit
114 via a second control line 15b. As a result, the indi-
vidual components in the containers 111.1,111.2, 111.3
can be metered into the mixing device 1’ via the central
control unit in accordance with predetermined recipes
stored in the control unit and conveyed into the flexible
line 112 at adjustable conveying rates.

[0159] The inlet device 105 is connected to the control
unit 114 via a separate control line 115c and can be con-
trolled or monitored by the control unit 114 too.

[0160] The movementdevice 102 is also connected to
the control unit 114 via a further control line 115d. This
means that the movement of the print head 103 can be
controlled via the control unit 114.

[0161] Similarly, the measuring unit 113 is connected
to the control unit 114 by a control line 115e, so that data
recorded in the measuring unit characterizing the flow
properties can be transmitted to the control unit 114.
[0162] A structural data model of the three-dimension-
al object to be produced may be stored in a memory
module of a control unit 114 of the additive manufacturing
device 100.

[0163] In this configuration, the additive manufacturing
device 100 can be operated as a "two-component sys-
tem" in which an additive is added separately as a second
component to the other constituents of the curable binder
composition representing a first component.

[0164] However,inanotherembodiment, all of the con-
stituents the curable binder composition, including an op-
tional additive, can be premixed in the mixing device 1'.
Thereby, the manufacturing device 100 is operated as a
"one-component system" without addition of an additive
through inlet device 105. In this case, manufacturing de-
vice 100 the inlet device 105 and related elements can
even be omitted to simplify the setup.

Production of reinforced three-dimensional objects

[0165] For producing reinforced three-dimensional ob-
jects, SikaCrete®-7100 3D (available from Sika USA)
was used as the first curable mineral binder composition.
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This is a multi-component fiber-containing micro-con-
crete ink system developed for 3D printing comprising (i)
adry mortar composition with Portland cementand sand,
(i) an accelerating additive and plasticizing polymer ad-
mixture.

[0166] The components were continuously introduced
at a constant rate into the mixing device shown in Fig. 2
and continuously mixed at a speed of for example 800
rpm.

[0167] The so produced first mineral curable mineral
binder composition was applied with the printing head
103 of the additive manufacturing device 100 to produce
the unreinforced parts UP of two three-dimensional ob-
jects in the form of (i) a cuboid object (Fig. 4) and (ii) a
table-like object (Fig. 5).

[0168] The cuboid object of Fig. 4 was produced as
follows: After having produced the unreinforced part UP
of the cuboid with a central cylindrical cavity, a steel bar
RB was introduced as reinforcing element in the cavity.
The steel bar RB extends along the whole width of the
cuboid element.

[0169] Finally, the steel bar RB was casted inside the
cavity with a second curable mineral binder composition
in the form of a self-leveling mortar SL. The self-leveling
mortar SL consisted of the same pulverulent component
as the first curable mineral binder composition, but was
mixed with a different plasticizing additive and an anti-
shrinkage agent in order to obtain the self-levelling prop-
erties.

[0170] The table-like object of Fig. 5 was produced as
follows: After having produced the unreinforced part UP
ofthe table, two cavities in the form of round holes running
in parallel along the longitudinal axis of the table were
drilled through the solid material of the table-like object.
Additionally, the table-like object comprises two addition-
al cavities at the bottom side running perpendicular to
the longitudinal axis of the table-like object. The addition-
al cavities have been formed during the production of the
unreinforced part UP of the table.

[0171] Subsequently, in each of the cavities a steel bar
RB was introduced as reinforcing element. The steel bars
RB extend along the whole length or width, respectively,
of the table.

[0172] Finally, similar to the cuboid element of Fig. 4,
the steel bars RB were casted inside the cavities with a
second curable mineral binder composition in the form
of the self-leveling mortar SL as described above.
[0173] After 7 days of curing, the table of Fig. 5 was
tested in terms of mechanical stability. It turned out that
a flexural strength of > 20 MPa could be achieved. For
reasons of comparison, the flexural strength of the unre-
inforced table was measured. Thereby a much lower flex-
ural strength of about only 8 - 9 MPa was observed. This
proves that the inventive method allows for effectively
reinforcing 3D printed objects made of mineral binder
compositions.

[0174] Fig. 6 shows a cross-section through a further
reinforced three-dimensional object that was produced
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according to the inventive method. Thereby the unrein-
forced parts UP of the three-dimensional object was pro-
duced with a cavity C running in horizontal direction. Af-
terwards, a steel bar RB was introduced as reinforcing
element in the cavity C whereby a length of the steel bar
RB is about 110% of the length of the cavity C. The free
ends of the steel bar RB protruding out of the cavity C
are equipped with a thread.

[0175] Subsequently, after filling the cavity C with a
self-leveling mortar SL, on each free end of the steel bar
RB, a stop element in the form of a nut SE.1, SE.2 was
screwed onto the threads. Perpendicular to the longitu-
dinal axis of the cavity C, the nuts are SE.1, SE.2 larger
in size than the cross section of the cavity C so that they
cannot enter the cavity C.

[0176] By tightening the nuts SE.1, SE.2, the three-
dimensional object was compressed and prestressed
with the help of the steel bar RB in the lower section.
[0177] Fig. 7 shows another cross-section through a
still further reinforced three-dimensional object that was
produced according to the inventive method. The object
of Fig. 7 is essentially identical in design with the object
shown in Fig. 6. However, a higher compressive force or
prestress, respectively, was applied, such that the three-
dimensional object bends in a direction upwards as indi-
cated by the arrows pointing upwards in Fig. 7.

[0178] The prestressing shown in Fig. 6 and 7 can be
used to further increase the load capacity of the three-
dimensional objects.

[0179] It will be appreciated by those skilled in the art
that the present invention can be implemented in other
specific forms without departing from the spirit or essen-
tial characteristics thereof. The presently disclosed em-
bodiments and embodiments are therefore considered
in all respects to be illustrative and not restricted.

Claims

1. A method for producing a reinforced three-dimen-
sional object from a binder composition with an ad-
ditive manufacturing process, the method compris-
ing the steps of:

a) Applying a first curable binder composition,
especially a first curable mineral binder compo-
sition, in the setting state with an additive man-
ufacturing device, especially having a movable
printing head, to produce the three-dimensional
object;

b) During and/or after producing the three-di-
mensional object, forming at least one cavity for
receiving a reinforcement element in the three-
dimensional object;

c) Insertion of a reinforcing element into the at
least one cavity;

d) Casting of the reinforcing element inside the
at least one cavity with a second curable binder
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22

composition, especially a second curable min-
eral binder composition, in the setting state
which is chemically and/or physically different
from the first curable binder composition.

The method according to claim 1, whereby the at
least one cavity is at least partly, especially com-
pletely, formed during step a).

The method according to any of previous claims,
whereby the at least one cavity is at least partly, es-
pecially completely, formed by removing material
from the produced three-dimensional object after
step a).

The method according to any of previous claims,
whereby both curable binder compositions are cur-
able mineral binder compositions and the second
curable binder composition comprises the same type
of mineral binder and the same type of aggregates
as the first curable binder composition, whereby pref-
erably the weight proportions of the mineral binders
and the aggregates are identical in the two curable
binder compositions.

The method according to any to any one of previous
claims, whereby in terms of the solid components,
the second curable binder composition is identical
with the first curable binder composition.

The method according to any to any one of previous
claims, whereby the second curable binder compo-
sition differs from the first binder composition, espe-
cially exclusively, in the proportion of water, the na-
ture of an additive and/or a proportion of an additive.

The method according to any to any one of previous
claims, whereby the second curable binder compo-
sition has a lower viscosity than the first binder com-
position

The method according to any to any one of previous
claims, whereby the second curable binder compo-
sition is a self-levelling composition, in particular, the
self-levelling composition has a consistency class of
at least S4, especially S5, and/or it has as slump of
160 - 210 mm, especially > 220 mm, according to
EN 206-1:2013 + A1 2016.

The method according to any to any one of previous
claims whereby the reinforcement element is a rod,
especially a metallic rod, in particular a steel rod.

The method according to any to any one of previous
claims whereby the reinforcement element intro-
duced in the at least one cavity has a length of at
least 50%, especially at least 75%, in particular 80 -
120%, of the length of the at least one cavity and/or
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of a length of the three-dimensional object in a di-
rection of the longitudinal axis of the at least one
cavity.

The method according to any to any one of previous
claims whereby the additive manufacturing device
comprises:

- a mixing unit, especially a dynamic mixing de-
vice, for producing the first curable binder and/or
the second curable binder composition, in the
setting state;

- a printing head movable in at least one spatial
direction, especially with a movement device,
for applying the first curable binder and/or the
second curable binder composition in the setting
state.

The method according to any to claim 11, whereby
in step a) the first curable binder composition pro-
duced in the mixing unit is applied with the printing
head in a layer-by-layer application to produce the
three-dimensional object.

The method according to any to any of claims 11 -
12, whereby both curable binder compositions are
produced in the same mixing unit of the additive man-
ufacturing device.

The method according to any to any of claims 11 -
13 whereby the second curable binder is produced
in the mixing unit of the additive manufacturing de-
vice andfilled in the at least one cavity with the print-
ing head for casting of the reinforcing elementinside
the at least one cavity in step d).

A reinforced three-dimensional object obtainable by
a method according to any of previous claims.
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1. claims: 1-3, 7-12, 15

Method for producing a reinforced three-dimensional object
from a binder composition with an additive manufacturing
process, wherein at least one cavity for receiving a
reinforcement element is at least partly formed: (i) while
producing an unreinforced three-dimensional object by
applying a first curable binder composition with an additive
manufacturing device, or (ii) by removing material from the
produced, unreinforced, three-dimensional object.

2. claims: 4-6, 13, 14

Method for producing a reinforced three-dimensional object
from a binder composition with an additive manufacturing
process, wherein both the first and the second curable
binder composition comprise the same type of mineral binder
and aggregates, differing only in the proportion of water,
the nature of an additive and/or a proportion of an
additive.
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