STRUCTURAL SANDWICH ELEMENT AND METHOD FOR PRODUGISAME

The invention relates to a structural sandwich elem

more particularly for use as a bearing element in

buildings, for example as a house or room wall, or
floor or ceiling element or bridge element in accor
with the introductory section of claim 1, wherein t

structural sandwich element comprises at least one

cellulose honeycomb core, more particularly a paper
cardboard honeycomb core which is accommodated betw
least two cover layers.

Cellulose honeycomb cores are described, for exampl
10 305 747 Al, DE 19 654 672 Al as well as DE 19 82
Al.

Such structural sandwich elements have proven their
particularly when the cellulose honeycomb core is ¢
with an impregnation coating to increase resistance

and water as well as to increase mechanical stabili

WO 2012/045653 it is known to provide so-called hon
composite bearing components (cellulose honeycomb c
with a cement coating (impregnation coating) in a v
wherein the coated cellulose honeycomb core can be

as a core layer between wooden, cardboard, foamed p
or plywood layers.

Known structural sandwich elements have proven thei

— the invention is based on proposing an alternativ
structural sandwich element which is characterised
increased resistance and bearing capacity. The aim
invention also consists in setting out a method of
producing such structural sandwich elements as well
system comprising at least two juxtaposed structura
sandwich elements.
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With regard to the structural sandwich element, thi
objective is achieved by way of the features of cla

with regard to the method with the feature of claim

with regard to the system with the features of clai
Advantageous further embodiments of the invention a
out in the sub-claims. The invention also covers al
combinations of at least two of the features disclo

the description, the claims and/or the figures.

In order to avoid repetition, features disclosed in
relation to the device also apply in relation to th
method. Equally, features disclosed in relation to
method should also apply and be claimable in relati
the device.

The invention is based on the concept of using as a
and/or second layer a concrete cover layer, which
particularly preferably is made of a flowable high-
performance concrete, for example, the high-perform
concrete marketed by the company Dyckerhoff AG unde
brand “Flowstone”. The cover layers thereby close o
channels of the cellulose honeycomb core. By using

as the first and/or second cover layer the bearing

of the structural sandwich element is considerably
increased and, in addition, the fire resistance is
essentially improved. The structural sandwich eleme
designed in accordance with the concept of the inve

can, in particular, be used in the construction sec

wall element, ceiling or floor element or as a brid
bearing element. In comparison with structural sand
elements without a cellulose honeycomb core, the st
sandwich element in accordance with the invention i
characterised by a comparatively low weight as well
sound and thermal insulation properties, more parti

if, as can be envisaged in the form of a further
embodiment, the channels are filled with appropriat
insulating material.
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In accordance with one variant of embodiment of the

structural sandwich element, the invention is based
concept of using as a first and/or second cover lay
gypsum cover layer, more particularly in the form o
gypsum plasterboard. Here, a gypsum cover layer
essentially taken to mean a cover layer containing
Preferably the gypsum cover layer consists of at le

by weight gypsum, very particularly preferably of
approximately 100% by weight. If necessary, other

components, for example lime, or as will be explain
below, fibres and suchlike materials may be mixed i
gypsum. The first and/or second cover layer in the

a gypsum cover layer closes off the channels of the

cellulose honeycomb core. By using gypsum as a comp
the first and/or second cover layer the fire resist
considerably increased at comparatively low weight.

It is also possible to provide a gypsum cover layer
additional concrete cover layer.

The bearing capacity of the structural sandwich ele
can, more particularly, be adapted through selectio
cover layer thickness.

The structural sandwich element designed in accorda

the concept of the invention, can, in particular, b

as a non-bearing element, for example as a wall ele
house building. Compared with structural sandwich e
without a cellulose honeycomb core, the structural

element in accordance with the invention is charact

by a very low weight as well as good sound and ther
insulation properties, more particularly if, as is
envisaged in accordance with a further embodiment,
channels are filled with appropriate insulation mat
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Very particularly preferably the thickness of the a t least
one gypsum cover layer (if such a cover layer is pr ovided)
is between around 0.5 and 2 cm, particularly prefer ably
between around 10 mm and 15 mm, wherein it is even more
preferable if the at least one gypsum cover layer h as a raw
density of between 600 and 800 kg/m 3, preferably between

650 and 750 kg/m 3.

The extent of the thickness of the cellulose honeyc omb core
can be adapted to the total thickness of the struct ural
sandwich element. The total thickness of the struct ural
sandwich element is preferably between 70 mm and 30 0 mm,
preferably between 40 mm and 250 mm, preferably bet ween 50
mm and 250 mm, very particularly preferably between around
75 mm and 150 mm, preferably between around 50 mm a nd 150
mm, wherein the cellulose honeycomb core very parti cularly
has a thickness of between 20 mm and 190 mm, very

particularly preferably between around 30 mm and 13 0 mm.

Preferably the density of the impregnated cellulose
honeycomb core is between around 150 and 200 kg/m

There are various possibilities with regard to the
arrangement of the first and/or second cover layer.

Essential is the fact that the cellulose honeycomb core is
accommodated between the cover layers, wherein it i S
possible and preferable that at least one of the co ver
layers, preferably both cover layers directly adjoi n the
cellulose honeycomb layer and/or form the outer lay ers of
the structural sandwich element. However, it is als o]
alternatively conceivable to provide a (further) la yer
between the cellulose honeycomb core and at least o ne of
the cover layers, or, a further layer on the outsid e at
least one of the two cover layers which then forms the

outermost layers of the structural sandwich element

Very particularly preferred is a design of the stru ctural
sandwich element in which this not only has one sin gle



cellulose honeycomb core (which is alternatively po

but comprises at least two cellulose honeycomb core

aligned in parallel to each other, wherein these ce
honeycomb cores are encompassed or accommodated bet
cover layers. Also possible, of course, is an arran

with more than two cellulose honeycomb cores,
particularly exclusively three cellulose honeycomb
wherein adjacent cellulose honeycomb cores are pref
adhered to each other, for example directly adhered

other or, alternatively indirectly adhered to each

with an intermediate layer, for example a wooden bo
which in thus far forms the connecting member betwe
adjacent cellulose honeycomb cores. Essential in al

is the fact that the single cellulose honeycomb cor

the case may be, several cellulose honeycomb cores

in parallel and adjoining each other, is/are accomm
between two cover layers, of which at least one is

form of a concrete cover layer or a gypsum cover la
Outside at least one of the cover layers at least o
further layer may be provided, or the cover layers

the outermost layers of the structural sandwich ele

Particularly preferred is an embodiment variation i

a cellulose honeycomb core, provided with a single
cover layer or gypsum cover layers is directly
indirectly fixed to a further cellulose honeycomb ¢
example by direct adhesion or adhesion to an interm
board, and this further cellulose honeycomb core, o
third, i.e. yet one further cellulose honeycomb cor
provided with a second cover layer on the side faci

from the first cover layer which is particularly pr

also in the form of a concrete cover layer or gypsu
layer.

Preferably the cellulose honeycomb core is arranged
a way that the channels extend perpendicularly to t
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longitudinal surface of the structural sandwich ele ment,
i.e. perpendicularly to the outer surfaces.

As has been mentioned, it is particularly preferred if in
accordance with a variant of embodiment the first a nd/or
the second cover layer is made of so-called high-

performance concrete which is initially extremely f lowable,
wherein  such a high-performance concrete preferably

exhibits a compressive strength of > 65N/mm?. Preferably
the cement portion of the concrete used is between 380

kg/m?3 and 450 kg/m 2 or more. Very particularly preferably
the high-performance concrete contains additives of

microsilica through which compressive strengths of over 100
N/mnf can be achieved. It is particularly preferable if t he
high-performance concrete meets the requirement of Austrian
standard OB B 4710-1. Preferably the W/B value is m ax. 0.31
on initial testing and max. 0.34 during conformity/ identity
testing. The consistency is preferably F45 or highe r,

particularly — expediently F52. Preferably the fresh
temperature is less than 27°C in order to avoid
temperature-dependent stresses.

In terms of the design of the cellulose honeycomb c ore
there are various possibilities. Essential is the f act that

it involves a honeycomb body made of cellulose, mor e
particularly paper or cardboard. This can be produc ed in
different ways in the known manner, for example thr ough the
gluing together of several corrugated cardboard lay ers.
Alternatively, the cellulose honeycomb core is made of a
so-called expanded honeycomb body, i.e. a honeycomb element
that can be pulled out, wherein kraftliner paper, t estliner
paper or bogus paper is suitable. Preferably the ce llulose
honeycomb core is a corrugated cardboard honeycomb body
which, very particularly, is produced as described in WO

2012/045653 in connection with figure 1.



With regard to the dimensions of the structural san
elements there are various possibilities. Preferabl

are provided in a width of 625 mm of 1250 mm and in

of between around 2000 and 3000 mm. Fundamentally i
possible and preferable to use identical gypsum cov
layers on both sides of the cellulose honeycomb cor
wherein it is also conceivable to use a gypsum cove

on only one side and a non-gypsum layer on the oppo
side, for example a concrete, wooden or plastic lay

In one form of embodiment with a concrete cover lay
conceivable to use a concrete cover layer on only o
and a non-concrete layer on the other side, for exa
gypsum, wooden or plastic layer. It is also conceiv
use different cover layers of different thickness o
sides in order to thereby be able to optimally adju
strength, the sound insulation value and suchlike.

In relation to the design of the cellulose honeycom

there are various possibilities. Essential is the f

it involves a honeycomb body made of cellulose, mor
particularly paper or cardboard. This can be produc
different ways in the known manner, for example thr

gluing together of several corrugated cardboard lay
Alternatively, the cellulose honeycomb core is made
so-called expanded honeycomb body, i.e. a honeycomb
that can be pulled out, wherein kraftliner paper, t

paper or bogus paper is suitable. Preferably the ce
honeycomb core is a corrugated cardboard honeycomb
which, very particularly, is produced as described
2012/045653 in connection with figure 1.

For creating at least one concrete cover layer, it

found to be particularly advantageous if the thickn

the first and/or second concrete layer is selected

value range between 5 mm and 40 mm, very particular
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preferably between 8 mm and 30 mm. Particularly pre
the thickness is 15 mm.

As stated
preferable
honeycomb
circumferent
preferably

is particularly

preferably

continuously,

completely

with a

in the introduction, it

if the channels (cells) of the cellulose
core are coated,

ially and axially

mineral, more

particularly

impregnation layer in order to increase resistance

and/water and/or to increase the mechanical stabili
coating can preferably be in the form described in
2012/045653. It is particularly preferable if, as w
explained below, the first and/or the second concre

layer

protrude(s) perpendicularly to
surface of the structural

the

sandwich element,

longitudin

into th

channels (cells) of the cellulose honeycomb core an
preferably bein

adjoin(s)

the

impregnation

coating,

internally/firmly bonded thereto.

As stated in the introduction, it is fundamentally
for a further board layer to be provided between th
cellulose honeycomb core and at least one of the co
layers, wherein
cellulose honeycomb core and the first and/or secon

layer are immediately adjacent to each other. There
various methods of production of this embodiment
particular. A particularly simple possibility consi
gluing the first cover layer in the form of a concr

cover layer

or

it is particularly preferable

gypsum cover

layer

to

if th

honeycomb core by means of a suitable adhesive. How
alternatively and preferably an additional adhesive
dispensed with and/or the first and or cover layer
closely with the cellulose honeycomb core as they h

For this it is preferable if during hardening the ¢
honeycomb core protrudes into the still moist, pref
highly flowable concrete, more particularly flowabl
performance concrete, or alternatively into the at

cement-based,

in
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still moist, preferably still flowable gypsum mater
(consisting of gypsum or at least gypsum-containing
material), so that the connection between the cellu
honeycomb core and the first and/or second cover la

not only formed marginally, i.e. on the surface sid

the cellulose honeycomb core, but also within the ¢
preferably extending perpendicularly to the longitu
surface of the cellulose honeycomb core/structural

element. It is preferable if the cellulose honeycom
protrudes at least 0.5 cm into the concrete or the

material of the first and/or second cover layer
(perpendicular to the longitudinal surface of the
structural sandwich element, preferably over a sect

value range of between 0.5 mm and 2/3 of the cover
thickness.

Particularly if the cellulose honeycomb core is pro
with a mineral, preferably cement-based impregnatio
within the channels particularly good adhesion of t
and/or second concrete cover layer or gypsum cover
can be achieved, wherein it is especially preferred
impregnation coating is still moist or at least not
hardened.

There are various possibilities with regard to the
production of such a close bond in which the concre
particularly the high-performance concrete of the f
and/or second cover layer protrudes into the channe

the cellulose honeycomb core. Particularly preferre
embodiment variant of the production process in whi
concrete is initially poured into formwork, more
particularly onto a formwork table, and the cellulo
honeycomb core is placed on the concrete, i.e. the

mass, and then inserted a little way into the concr
mass, wherein it should be avoided that the cellulo
honeycomb core is pressed completely through the co
layer, which is, however, also possible. The insert
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the cellulose honeycomb core into the concrete mass
preferably takes place through it being vibrated in
wherein the cellulose honeycomb core and/or the for
table, is made to vibrate by suitable vibration mea
preferably an eccentric element. In principle the v

can also be produced by sound waves or similar meth
addition or alternatively to vibrating-in it is pos

mechanically produce a relative displacement moveme

the formwork, more particularly the formwork table

cellulose honeycomb core with regard to each other,
preferably in that the cellulose honeycomb core is
perpendicularly to its longitudinal surface into th
preferably still flowable, concrete. A further alte

consists in positioning the cellulose honeycomb cor
relative to the formwork before or during the pouri

the concrete into the formwork so that it partly pr

into the formwork with the filling level of the con

being sufficient to fill the channels with concrete
sections from below.

With regard to the time of bringing into contact, m
particularly the insertion of the cellulose honeyco

into the at least still moist concrete in order to

a concrete cover layers there are various possibili

Thus it is conceivable to bring the cellulose honey
core into contact with the concrete before or after
hardening/setting of the impregnation layer.

In the preferred case of both layers, i.e. the firs

the second cover layer, being made of concrete, it
preferable if initially one of the cover layers is

one of the above-described production possibilities
that, more particularly after the at least partial

and/or setting of the thus produced concrete cover
parallel further concrete layer is produced, prefer
also again in accordance with one of the above-desc
production measures, particularly after turning the

mwork
ns,
ibration
ods. In
sible to
nt of
and the

pressed
e,
rnative

ng in of
otrudes
crete
in

ore
mb core
produce
ties.
comb

t and
is
made by
and
drying
layer, a
ably
ribed
cover



- 11 -

layer-cellulose honeycomb core combination about 18 0° on
the side of the cellulose honeycomb core opposite t he first
cover layer.

With regard to the close bonding between the prefer ably
mineral, very particularly preferably = cement-based

impregnation layer and at least one gypsum cover la yer, in
which during production of the first and/or second cover
layer the gypsum protrudes into the channels of the

cellulose honeycomb core there are many possibiliti es.
Particularly preferred is a variation of embodiment of the
production method in which flowable gypsum material is
initially provided and the cellulose honeycomb core is
immersed in the gypsum material. Preferably the gyp sum
material is applied to a conveyor belt on which cel lulose
honeycomb cores arranged in a row are then consecut ively

dipped into the gypsum material.

It is particularly preferable if the gypsum materia | is

applied to an outer layer of the relevant cover lay er
which, more patrticularly, is, in the manner of know n gypsum
plasterboards, made of paper or cardboard and forms the

outer boundary of the cover layer.

Very particularly preferably this outer layer is pl aced on
a conveyor belt, more particularly from a roll, and the
gypsum material on the outer layer smoothed, more

particularly scraped. Basically it is possible to s imply
place the cellulose honeycomb core on the gypsum ma terial

or allow it to sink through gravity. It is preferab le if
the cellulose honeycomb core is inserted into the g ypsum
material by a defined amount in such a way that it is
prevented that the cellulose honeycomb core passes fully
through the gypsum material, which however is alter natively
possible, particularly if the aforesaid outer layer is
provided as this limits the downward movement of th e

cellulose honeycomb core and prevents the cellulose
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honeycomb core projecting to the outer side of the

cover layer. The introduction of the cellulose hone

core into the gypsum material mass preferably takes
through vibrating it in, wherein preferably the cel
honeycomb core and/or a suitable conveying device i

to vibrate by means of a suitable vibration element
preferably an eccentric element. In principle the v

can also be achieved through sound waves or similar

measures. In addition or alternatively to vibrating

is also possible to mechanically bring about a rela
displacement of the carrier arrangement for the gyp
material and the cellulose honeycomb core, preferab
that the cellulose honeycomb core is pressed into t
preferably still flowable gypsum material perpendic

to its longitudinal surface. A further alternative

in, before or during coating with gypsum material,
positioning the cellulose honeycomb core in formwor

on a conveyor belt, so that through adding the gyps
material the cellulose honeycomb core protrudes int
material, wherein the filling level should be calcu

that channels of the cellulose honeycomb core are f
step-wise with gypsum material from below.

With regard to the time of bringing into contact, m
particularly the insertion of the cellulose honeyco

into the at least still moist gypsum material in or
produce a cover layer, there are various possibilit
Thus, it is conceivable to bring the cellulose hone
core into contact with the gypsum material before o
hardening/setting of the impregnation layer.

For the preferred case that both, i.e. the first an
second cover layer, are made of gypsum material, it
preferable if initially one of the decoration layer
preferably produced in accordance with one of the a
described methods, and, particularly after drying a
setting of the thus-produced gypsum cover layer,
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parallel, further gypsum layer is produced, prefera
again in accordance with one of the previously desc
methods and more particularly after turning the cov
layer- cellulose honeycomb core combination about 1

the side of the cellulose honeycomb core opposite t

cover layer.

As has been stated above, it is particularly prefer
the first and/or the second cover layer, more parti
the first and/or concrete or gypsum cove layer prot

into the channels of the cellulose honeycomb core.

Fundamentally it is possible that the first and/or

cover layer ends directly with the outer side of th
cellulose honeycomb core, i.e. does not or only min
protrudes outwards. Preferable, however, is a varia

which the first and/or second cover layer outwardly
protrudes beyond the cellulose honeycomb core in th
longitudinal direction of the channels, more partic

be several millimetres.

It is particularly preferable if, in order to optim

thermal and or sound insulation properties of the
structural sandwich element, the channels are fille
appropriate insulating material. In order to increa

sound insulation value, quartz sand is particularly
suitable for filing the cells (channels). The ther
insulation value can be increased through the intro

of, more particularly, pyrogenic silicilic acid, es

in particle form. Additionally or alternatively it
conceivable to provide foamed plastic particles and
polystyrene particles and or cellular concrete and/
recycling parties and/or mineral foam particles in
channels in order to increase the insulating effect

In order to further increase the stability and/or b
capacity of the structural sandwich element, it is
to provide reinforcing material, more particularly
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form of fibres, for example glass fibres, and/or me
more particularly plastic or metal meshes, in the f
and/or second cover layer designed as concrete cove

It is particularly preferable if the structural san

element, particularly in the area of at least one n

side, is provided with a connection geometry which
preferably allows two adjacently arranged structura
sandwich elements to be arranged in an overlapping

in their connection direction. This can be realised

form of a groove-spring geometry, wherein, for exam

its narrow side the structural sandwich element is

with a groove and one of the opposite narrow sides

spring for insertion into the groove of an adjacent
structural  sandwich  element.  Alternatively it is
conceivable to provide a spring geometry on both op

sides and to use a groove connection piece. Very
particularly preferably a groove can be provided on
least one narrow side and, for example, two adjacen
structural sandwich elements can be connected by wa
additional spring.

It is particularly expedient if the connection geom
more particularly a groove for receiving a spring o
spring for insertion into a groove, is made of conc
wherein it is particularly preferred if the connect
geometry is produced in one piece with the first an
second cover layer.

The invention also relates to a system comprising a

two adjacently arranged structural sandwich element

are firmly connected to each other. It is conceivab
preferable if the structural sandwich elements over

the direction of their longitudinal surface, which

example, be realised through an appropriate lateral
connection geometry on the narrow side, for example

shes,
irst
r layer.

dwich
arrow

I
manner
in the
ple, on
provided
with a

posite

at
t
y of an

etry,
ra

rete,
ion
d/or

t least
s which
le and
lap in
can, for

in the



- 15 -

form of a groove-spring connection, wherein here, a
already been stated, there are various possibilitie

Thus, it is conceivable only to provide the structu
sandwich elements with grooves and
connection with a separate spring. Alternatively it
conceivable only to provide the structural sandwich
elements with springs and to produce the connection
groove connection element. It is also conceivable,
particularly on the opposite narrow sides of a stru

sandwich element to provide a groove and spring so

structural sandwich elements can be pushed into eac

in an overlapping manner without adapter pieces. It
particularly preferable if, irrespective of the spe

design of the connection geometry, any hollow space
resulting through the joining of two structural san
elements are filled with a suitable material, more
particularly gypsum material or concrete material,
particularly strongly flowable concrete.

In the event of the realisation of at least one gyp
layer it is very particularly preferable if a point
contact between two adjacent boards is
overlapped by a further overlapping
particularly in the form of a gypsum cover layer, w
even more preferably is fastened, for example by ad
or screwing or suchlike, to two adjacent

plasterboards.

externally

gypsum

Very particularly preferred is an embodiment of the

in which two structural sandwich elements are fixed
spaced manner/next to each other via a casting comp
wherein the casting compound or the filling materia
preferably concrete. In thus far the invention also

to a method of producing such a system which should

to be claimed separately. In accordance with this m
two structural sandwich elements are initially arra

to produce the
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with a space between each other and the space, whic
preferably initially provided with reinforcing mate

filled with a filling material, i.e. a casting comp

more particularly concrete, in order to connect the
structural sandwich elements to each other in this
Preferably, in order to collect the casting compoun

the filling material, the space is provided with fo

on the outside. In this way wall systems or ceiling

can be created, wherein in the case of ceiling syst

spaced structural sandwich elements can preferably
initially be placed on auxiliary supports which can
removed again after hardening of the casting compou

the filling material, more particularly the concret

Further advantages, feature and details of the inve

are set out in the following description of preferr
examples of embodiment as well with the aid of the
drawings.

In these:

Figs. 1a to 1c show various stages in the productio
structural sandwich element

Fig. 2 shows an alternative production stage

Fig. 3 shows a structural sandwich element designed
in accordance with the concept of the
invention

Fig. 4 shows an arrangement for implementing a

method of producing structural sandwich
elements designed in accordance with the
concept of the invention,
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Fig. 5 shows an example system comprising several
structural  sandwich  elements  arranged

adjacent to each other, and

Fig. 6 shows an exploded view of a structur

sandwich element with a total of three

al

cellulose  honeycomb cores accommodated

between two cover layers,

Fig. 7 shows a ceiling construction with structural
sandwich elements as shown in fig. 6,

Fig. 8 shows an exploded view of an alternative
structural sandwich element with a total of

exclusively two cellulose honeycomb cores

which are accommodated between two cover

layers and

Fig. 9 shows a wall combination produced with

structural sandwich elements shown in
8.

In the figure the same elements and elements with t
function are shown with the same reference numbers.

In figure 1la one production stage for producing a

fig.

structural sandwich element is shown. A board-like

cellulose honeycomb core 1 can be seen which compri
plurality of cells, i.e. channels 2 which extend
perpendicularly to the longitudinal surface of the
cellulose honeycomb core 1, which in the shown exam
embodiment has a thickness d (distance between
longitudinal surfaces) of 50 mm. Fully circumferent

and axially in the direction of the thickness d the
channels 2 are coated with an impregnation coating,

case based on cement, for example. The arrows in fi
indicate a direction of application in which in the

the

he same

Ses a

ple of

ially

in this
gure la



- 18 -

cellulose honeycomb core 1 concrete 3, which is sti I
flowable, preferably highly flowable, is applied in

formwork 4. In the shown example of embodiment the formwork
4 is formed by a formwork table 5. After the placin g (not
shown) of the cellulose honeycomb core 1 onto the ¢ oncrete
3, the cellulose honeycomb core 1 is immersed sligh tly into

to the concrete 3, so that the channels 2 are fille d with
concrete 3 stage by stage. In the shown example of

embodiment this procedure is carried out by causing the
cellulose honeycomb core to vibrate by means of a s haking
device applied from above and/or though oscillating the
formwork table 5. Preferably the cellulose honeycom b core 1
is not immersed as far as the base of the formwork 4, but
to a point at a distance from this base in order to ensure
a closed concrete layer on the outer side. It is of course
also conceivable to immerse the cellulose honeycomb core 1
to the base of the formwork 1 wherein in this case the
cellulose honeycomb core 1 protrudes to the outer s ide of

the resulting cover layer.

The cellulose honeycomb core 1 only remains positio ned in
the concrete 3 in the formwork 4 until the concrete 3 has
dried and hardened to the extent that the combinati on of
the cellulose honeycomb core 1 and the resulting fi rst
cover layer 6, in the form of a concrete cover laye r,
exhibits such strength that it can be turned about 180°
into the position shown in figure 1b. In figure 1b the
cellulose honeycomb core 1 with the first cover lay er 6 of
concrete applied thereon can be seen. This combinat ion is
then again placed, in the direction of the arrow in figure
1b, into formwork 4 on a formwork table 5, more

particularly onto the concrete 3 present therein, a nd
again, preferably through vibration, immerse a dist ance
into the concrete 3 in order to thus produce the se cond
cover layer 7, in the form of a concrete cover laye r, which

runs parallel to the first cover layer 6.
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In the shown example of embodiment, the structural
element 8 resulting from the method comprises the ¢
honeycomb core 1, which is preferably around 100 mm
mm thick, and the two cover layers 6, 7, which in t
example of embodiment have a preferred thickness of

10 mm and 25 mm. Once the second cover layer 7 has
sufficiently, the resulting structural sandwich ele

be removed from the formwork 4 of the formwork tabl

If required, the concrete 3 can be strengthened wit
reinforcement material, more particularly fibres an
meshes. If required, the channels can be filled wit
suitable insulating material.

In figure 1c, for reasons relating to the drawing,

as if the cellulose honeycomb core 1 extends up to
outer siders of the cover layers 6, 7, which is pos
principle. However it is preferable if the result i
structural sandwich element 8 shown as an example i

3, wherein the cellulose honeycomb core 1 ends with
concrete cover layers 6, 7, i.e. at a distance from
outer surface 9, 10 of the cover layers 6, 7, in or
thereby obtain a smooth outer surface on the cover

6, 7.

In figure 3 it can be seen that the narrow sides 11
structural sandwich element are designed as grooves
groove-shaped connection geometry 12 is created, wh
produced in one piece with the cover layers 6, 7 or
formed by these.

A spring element can be inserted into the grooves o
connection geometry 12 as an adapter piece in order
thereby connect two structural sandwich elements 8

other on their narrow sides. Or, it is conceivable
directly insert a structural sandwich element with
connection profile in to the groove.
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In figure 2 a production method stage with alternat
designed formwork 4 is shown, in which on a narrow

a connection profile 12 can be cast with, or formed

the first cover layer 6. Such a connection profile
suitable for arranging two connection profiles of t
adjacent structural sandwich elements in an overlap
manner.

Figure 4 shows a device for producing structural sa
elements 32 shown as examples in figure 5. The devi
comprises supply means 33 for the continuous supply
gypsum material 34. The supply means 33 comprise a
device 35, by means of which gypsum material is pou

an outer layer 36 made of paper. The outer layer 36
transported in one conveying direction 38 on a conv
belt 37, which is not shown. In the conveying direc

after a pouring section 39 at which the gypsum mate
applied to the substrate 36 still exhibits an inadm

great thickness, thickness-limiting means 40 in the

a scraper are provided, wherein in the conveying di

38, the gypsum material exhibits the desired thickn
after the scraper. In the conveying direction 38 af
thickness-limiting means 40 cellulose honeycomb cor
are placed in or on the gypsum material, wherein re

is made here to the alternative possibilities in ac

with the general description. In the shown example
embodiment the cellulose honeycomb cores 41 are ins
into the gypsum material 34 in such a way that the

43, which are here coated with a cement-based impre
coating 42, are filled part of the way with the gyp
material. In the shown example of embodiment the ch
42 run perpendicularly to the conveying direction 3

Further back (not shown) in the conveying direction
gypsum material is at least partially hardened, whe
for example, the cellulose honeycomb cores with the

ively
side 11
onto,
6 is
WO
ping

ndwich
ce 31
of
pouring
red onto
is
eyor
tion 38,
rial
issibly
form of
rection
ess
ter the
es 41
ferences
cordance
of
erted
channels
gnation
sum
annels

38 the
rein,
gypsum



- 21 -

material are applied or stacked on appropriate carr

After the gypsum cover layer has at least partially
hardened the second cover layer can be applied, mor
particularly through the cellulose honeycomb core p

with the first cover layer being turned about 180°

conveyed to the same or a similar device.

Figure 5 shows the basic structure of structural sa
elements. These comprise a cellulose honeycomb core

a plurality of channels 43 which on their inner
circumference are coated with a, preferably cement-
impregnation layer 42. On both sides of the cellulo
honeycomb element 41 there is a cover layer in the

a gypsum cover layer, wherein sandwich elements 32

a first cover layer 44, and a cover layer 45 runnin
parallel thereto, into which the cellulose honeycom

41 preferably protrudes, as shown in figure 4 for e
Alternatively the cover layers can also be connecte
cellulose honeycomb core 41 by adhesion, for exampl

It can be seen that the cover layers 44, 45 project

the honeycomb core 41 in the direction of its narro

and thus form a groove-like connection geometry 46,

in the shown example of embodiment the structural s
elements 32 have a connection geometry 46 in the fo
groove on both opposite narrow sides so that two ad
structural sandwich elements 31 can be connected vi
spring element 47 which is inserted into the two gr
connection geometries which are both delimited by t

layers. In the shown example of embodiment two adja
second cover layers of adjacent structural sandwich
elements are covered in sections by an overlapping

48, which can, for example, be designed as a gypsum

plasterboard. The overlapping board 48 overlaps a p
contact between the adjacent structural sandwich el

iers.
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In the left half of the drawing it can be seen that
connection geometry 46 can also be provided with an
profile 49 which engages in the groove-like connect
geometry 46.

Alternatively designed connection geometries, as se
the general description section can also be produce

Very generally, i.e. not in relation to a specific
of embodiment, it is again stated that the structur
sandwich elements which are covered by the concept

invention, can have differing numbers of cellulose

honeycomb cores. Thus, structural sandwich elements
realisable with exclusively one single cellulose ho

core which is accommodated between two cover layers
which at least one is a concrete or gypsum cover la
Alternatively conceivable is a design with at least

exclusively two cellulose honeycomb cores which are

accommodated between two cover layers, of which one
layer is a concrete cover layer. Also conceivable i
structural sandwich element with three, more partic
precisely three cellulose honeycomb cores or more t

three cellulose honeycomb cores, wherein here too t

arrangement of cellulose honeycomb cores is accommo
between two cover layers, of which at least one is
concrete cover layer or gypsum cover layer.

With this proviso, the examples of embodiment in ac
with figures 6 — 9 will now be described.

Figure 6 shows an exploded view of a structural san
element 50 which comprises a total of three cellulo
honeycomb cores 51, 52, 53 wherein the middle cellu
honeycomb core 52 in the specific example of embodi
adhered via an adhesive layer 54 to each of the adj
cellulose honeycomb cores. The outer cellulose hone
cores 51, 53 each have one cover layer, namely a fi
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cover layer 53 and a second cover layer 56 respecti
wherein the cover layers 55, 56 consist of concrete
gypsum. Very particularly preferably the cellulose
honeycomb cores 51, 53 protrude into the associated
layer 55 and 56 respectively, perpendicularly to th
longitudinal surface — in other words, the concrete

material of the cover layers 55, 56 has penetrated

channels of the adjacent cellulose honeycomb cores

53.

Alternatively to the single-layer cellulose honeyco

52, multiple-layer cellulose honeycomb cores are al
conceivable, i.e. a composite of several -cellulose
honeycomb cores which here replaces the single-laye
middle cellulose honeycomb core 52. Instead of dire
adhesion of the cellulose honeycomb cores 51, 52, 5

of the adhesive layers 54, a board, which is not sh

example a wooden or plywood board, can be provided

at least two cellulose honeycomb cores 51, 52 or 52

Figure 7 shows a ceiling structure with a structura
sandwich element 50 shown as an example in figure 6
figure 7 four adjacently arranged structural sandwi
elements 50 can be seen, wherein between two adjace
structural sandwich elements support or holding are
filled with a filling material 57 are provided. In

specific example of embodiment this is preferably a
concrete filling material. To produce the ceiling s

the individual structural sandwich elements 50 are
initially preferably applied with auxiliary or late
supports and spaced with regard to each other, wher

the remaining hollow space reinforcements are prefe
inserted and the filling material, more particularl
flowable concrete, is then poured into the hollow s

After hardening of the filling material the auxilia

lateral supports can be removed.
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Figure 8 shows an exploded view of an alternative

structural sandwich element 58. This only comprises
cellulose honeycomb cores 59, 60 which each have a
layer 61, 62 on the outside, wherein at least one o
cover layers is made of concrete or gypsum and pref
protrudes into the channels of the adjacent cellulo
honeycomb core 59, 60.

The two cellulose honeycomb cores 59, 60 are not di
adhered to each other, which can alternatively be t

but each have an intermediate board 63 which is des

a single-layer or multiple-layer board, more partic
wooden or plywood board.

In addition or as an alternative to the intermediat
63, further cellulose honeycomb cores can also
accommodated between the cellulose honeycomb cores

Figure 9 shows a wall structure produced with
structural sandwich elements in accordance with fig

It can be seen that the structural sandwich element
spaced with regard to each other and the gap is fil

filling material 64. Preferably the filling materia
flowable concrete. Particularly suitable as the fil
material for filling the hollow spaces in the struc
accordance with figures 7 and 9 is the high-perform
concrete marketed under the name “flowstone” by the
Dyckerhoff AG.
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CLAIMS
Structural sandwich element, more particularly w all
element, comprising at least one cellulose honeycom b
cores (1; 51, 52, 53; 59, 60) which has a plurality of

adjacently arranged (2; 43) and is accommodated
between a first and a second cover layer (6, 7; 44,
45; 55, 56; 61, 62),

characterised in that

the first and/or the second cover layer (6, 7; 44, 45;
55, 56; 61, 62) is/are produced as a concrete cover
layer, more particularly of high-performance concre te,

or as a gypsum cover layer.

Structural sandwich element according to claim 1

characterised in that

preferably the channels (2; 43) of the cellulose
honeycomb core (1; 51, 52, 53; 59, 60) are fully

circumferentially and axially continuously coated w ith
a, preferably mineral, impregnation coating, which is
preferably cement-based, in order to increase the
resistance to fire and/or water and/or the mechanic al
stability.

Structural sandwich element according to any one of
claims 1 or 2

characterised in that

the cellulose honeycomb core (1; 51, 52, 53; 59, 6 0)
protrudes perpendicularly to the longitudinal surfa ce
of the structural sandwich element (8; 32) into the

first and/or the second cover layer (6, 7; 44, 45; 55,



4.

5.

6.
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56; 61, 62) and is thereby attached to the first
and/or second cover layer (6, 7; 44, 45; 55, 56; 61
62).

Structural sandwich element according to any one
the preceding claims

characterised in that

material, more particularly concrete or gypsum, of

first and/or second cover layer (6, 7; 44, 45; 55,

61, 62) extends in sections into the channels (2; 4

of the cellulose honeycomb core (1; 51, 52, 53; 59,
60), more particularly in such a way that the
material, more particularly the concrete or the
gypsum, adheres to an impregnation coating of the
channels (2; 43).

Structural sandwich element according to any one
the preceding claims

characterised in that

on a side facing away from the cellulose honeycomb
core the first and/or second cover layer (14, 15) h

an outer layer (6; 44), more particularly in the fo

of a paper or cardboard layer.

Structural sandwich element according to any one
the preceding claims

characterised in that
the cellulose honeycomb core (1; 51, 52, 53; 59, 6

is adhered to the first and/or second cover layer (
7; 44, 45; 55, 56; 61, 62).
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7. Structural sandwich element according to any one
the preceding claims

characterised in that

the channels (2; 43) are filled with thermal and/o
sound insulation material.

8.  Structural sandwich element according to any one
the preceding claims

characterised in that

reinforcement material, more particularly fibres
and/or meshes, is provided in the first and/or seco
cover layer (6, 7; 44, 45; 55, 56; 61, 62).

9. Structural sandwich element according to any one
the preceding claims

characterised in that

more particularly on a least one narrow side (11)
structural sandwich element (8; 32; 50; 58) has a
connection geometry (12; 46) for, more particularly

the overlapping adjacent arrangement of several
structural sandwich elements (8; 32; 50; 58), for
example a groove and/or spring geometry.

10. Structural sandwich element according to claim
characterised in that
the connection geometry (12; 46) is made of concre

and is firmly connected to the first and/or second
cover layer (6, 7; 44, 45; 55, 56; 61, 62) or is

of
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formed in one piece with the first and/or second co
layer (6, 7; 44, 45; 55, 56; 61, 62).

11. Method of producing a structural sandwich eleme
according to any one of the preceding claims with t

stages:

. provision of a cellulose honeycomb core (1; 51,

52, 53; 59, 60), preferably provided with an

impregnation coating, comprising a plurality of
adjacently arranged channels (2; 43);

. connecting the cellulose honeycomb core (1; 51,

52, 53; 59, 60) to a first and a second cover
layer (6, 7; 44, 45; 55, 56; 61, 62);

characterised in that
the first and/or second cover layer (6, 7; 44, 45;
56; 61, 62) is in the form of a concrete cover laye
or a gypsum cover layer.
12. Method according to claim 11

characterised in that

the first and/or second cover layer (6, 7; 44, 45;
56; 61, 62) is/are connected to

the cellulose honeycomb core (1; 51, 52, 53; 59, 60
through adhesion.

13. Method according to any one of claims 11 to 12

characterised in that
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the cellulose honeycomb core (1; 51, 52, 53; 59, 60
is connected to the first and/or second cover layer
(6, 7; 44, 45; 55, 56; 61, 62) in that the cellulos

honeycomb core (1; 51, 52, 53; 59, 60) is combined

with not yet hardened, more particularly still
flowable, concrete or gypsum  material,

more

particularly in such a way that the cellulose

honeycomb core (1; 51, 52, 53; 59, 60) protrudes in

the concrete or into the gypsum material and the

concrete then sets or the gypsum material hardens.

14. Method according to any one of claims 11 to 13

characterised in that

flowable concrete is provided in formwork (4), more

particularly on a formwork table (5) and the cellul
honeycomb core (1; 51, 52, 53; 59, 60) is immersed
the concrete in sections, more particularly through
being mechanically pressed and/or vibrated
preferably after the cellulose honeycomb core (1; 5
52, 53; 59, 60) has been placed on the concrete and
the cellulose honeycomb core (1; 51, 52, 53; 59, 60
is positioned in formwork (4) and the formwork (4)
then filled with concrete in such a way that in
sections the cellulose honeycomb core (1; 51, 52, 5
59, 60) protrudes into the concrete.

15. Method according to any one of claims 11 to 14

characterised in that

in,

in order to produce the first and/or second cover

layer (14, 15) flowable gypsum material (4)
preferably provided on a conveyor belt (7; 45), eve
more preferably on an outer layer (6; 44), preferab
of paper or cardboard, arranged on a conveyor belt

is

to

ose

(7,
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45), and in that the cellulose honeycomb core is

immersed in sections into the gypsum material (4),

more particularly through mechanical pressing in

and/or through vibration and/or in that the cellulo se
honeycomb core (1; 51, 52, 53; 59, 60) is positione

and then has gypsum material (4) poured around it s

that the cellulose honeycomb core protrudes in sect ion
into the gypsum material (4).

16. Method according to any one of claims 11 to 15
characterised in that
the first cover layer (6; 44) is initially connecte d
to the cellulose honeycomb core (1; 51, 52, 53; 59,
60) and after the at least partial setting of the
concrete forming the first cover layer, the second
cover layer (7; 45) is connected to the cellulose
honeycomb core (1; 51, 52, 53; 59, 60).

17. Method according to any one of the preceding cl aims

characterised in that

the cellulose honeycomb core (1; 51, 52, 53; 59, 60 )
is positioned in such a way that the concrete at le ast
covers one narrow side (11) of the cellulose honeyc omb

core in sections and after hardening forms an end
geometry (12; 46).

18. Method according to any one of claims 11 to 17
characterised in that
in order to ensure a constant cover layer thickness

the gypsum material (4) is scraped before being
introduced into the structural sandwich element.



19. Method according to any one of claims 11 to 18

characterised in that

the optional, more particularly = cement-based,
impregnation coating, before the cellulose honeycom
core (1; 51, 52, 53; 59, 60) is combined with the n

yet hardened concrete is at least still moist or
alternatively already dry.

20. System comprising at least two adjacently arran

structural sandwich elements according to any one o
claims 1 - 10, wherein the structural sandwich
elements are preferably connected to each other by
means of a connection geometry (12; 26) of the
structural sandwich elements.

21. System according to claim 20

characterised in that

the two structural sandwich elements are spaced wi
regard to each other and are firmly connected to ea

other by means of a casting compound, more

particularly concrete.
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