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Description
Field of technology

[0001] Theinvention relates to the field of construction,
and more specifically to the structural elements used in
the technique of building frame houses from prefabri-
cated (ready-made) structural elements, and to the sys-
tem containing these structural elements and the wall
built from these structural elements.

State of the art

[0002] Frame houses have been known in the state of
the art for along time. Frame technology refers to the way
walls are constructed. In this construction technique, a
load-bearing skeleton of the building is first being cre-
ated, which is then filled with other building materials,
such as bricks or insulation materials, to create a full (not
openwork) wall.

[0003] Anadvantageous feature of frame housesis the
possibility of achieving very good thermal insulation of
the walls, which is achieved because the space of the
frame can be filled mainly or exclusively with insulating
material. In masonry buildings with solid load-bearing
walls, insulating materials can be placed only on the
outside of the wall or on the inside of the wall.

[0004] In frame building construction technology, the
skeleton of a building is most often formed on the con-
struction site by assembling smaller prefabricated struc-
tural elements. In this way, timber frame or metal frame
buildings are constructed.

[0005] The skeleton of a building can also be formed as
a monolithic concrete frame. In this technology, the build-
ing skeleton is cast on site from concrete using formwork
and reinforcement. Such a method of construction is not
quite an actual alternative to wood or metal framing due to
the much larger distances between the structural ele-
ments of the monolithic concrete frame, which de facto
makes it impossible to fill such a frame with only insulat-
ing materials.

Timber frame technology

[0006] The most popular and well-known is timber
frame construction. A timber frame wall consists mainly
of wooden vertical beams and horizontal beams. Vertical
structuralbeams are long and narrow - they are atleast as
long as one floor of the building (that is, about 3-4m) and
have a relatively small cross section (50-150mm in sin-
gle-family buildings). The main task of vertical beamsiis to
transfer vertical pressure forces. Horizontal beams are
long or short (40-60 cm) and the main task of horizontal
elements - shorter beams and connectors, is to stiffen the
structure by connecting them to vertical beams. Specially
prepared wood is used to produce the frame elements.
The stiffness of the timber frame structure is further
ensured by attaching sheathing to the frame in the form
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of boards such as OSB, gypsum board, etc. The wall
structure prepared in this way is filled with insulating
material, usually mineral wool. A wall made with this
technology has many other layers, such as wind insula-
tion, vapor insulation, grates for the installation of addi-
tional external insulation or facade. Many variants of
timber frame house construction are known. These in-
clude Canadian, Scandinavian and German houses.
They differ in the method of construction, the layout of
the wall layers, but the general structural principle is
similar in these construction systems.

[0007] The main advantages of timber frame technol-

ogy:
- low construction weight,

- dry construction technology,

- good thermal insulation of walls.

[0008] Disadvantages of timber frame technology:

- the flammability of the structure,

- lack of resistance to moisture and biological hazards
of the skeleton (the skeleton is exposed to worms,
fungi, etc.),

- relatively low durability (up to 100 years),

- high labor intensity of execution (the wall includes
many elements and layers),

- the need for access to good quality wood, which is
limited in many areas of the world,

- lack of full airtightness of the walls.

[0009] One significant disadvantage of timber frame
technology is the need to ensure that the timber frame is
protected from moisture, due to the fact that wood toler-
ates moisture poorly. This requires the construction of
multiple layers of wall and the use of more expensive
insulation materials, such as mineral wool instead of
Styrofoam, which is cheaper. In addition, in timber frame
technology itis very difficult to achieve full air-tightness of
the walls, which is required for energy-efficient and pas-
sive houses. Uncontrolled escape of air from inside the
building causes energy losses and increases the use of
energy for heating and cooling.

Metal frame technology

[0010] Metalframingtechnology is very similartowood
framing technology except that the construction material
instead of wood is steel protected against corrosion.
Metal framing eliminates some of the disadvantages of
wood framing technology such as flammability. The main
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disadvantage is the risk of corrosion of metal structures,
especially at joints, which are difficult to protect well
against rust. Metallic structures are usually more expen-
sive than wooden ones. This causes metal framing tech-
nology to be used much less frequently than wood fram-
ing technology.

Monolithic concrete frame technology

[0011] Inthis technology, the skeleton of the building is
formed from cast concrete columns and floors reinforced
with steel. The advantages of this technology are the high
strength of the structure. Disadvantages of this technol-
ogy include:

- very heavy construction weight,

- the need for a large amount of steel for reinforce-
ment,

- the need to use formwork during construction,

- acomplicated construction process requiring heavy
equipment (e.g., the need for concrete pumps, often
cranes),

- the need totake care of the concrete afteritis poured
by irrigation (alot of water is needed, especially in hot
climates this is a problem),

- the need to fill the framework with bricks or other
building materials due to the large distances be-
tween the structural elements of the framework.

[0012] Despite many disadvantages of this technol-
ogy, it is often used especially in countries where struc-
tural timber is hard to come by - for example, in southern
Europe.

[0013] The state of the art has not yet developed a
method of building frame houses from concrete elements
that can be assembled into a structural frame by hand on
the construction site without the use of cranes, as is the
case, for example, with timber frame technology.
[0014] Consequently, concrete frame house construc-
tion technology has not been developed as an alternative
to timber frame technology in terms of construction pro-
cess and wall performance, due to the following technical
problems:

- concrete is relatively brittle thus requiring reinforce-
ment (steel) and a minimum thickness to be ade-
quately rigid,

- concreteis very heavy (1 m3 weighs about 2.3 tons) -
steel reinforcements increase this weight,

- concrete elements are difficult to connect to each
other on a small contact area (and in frame buildings
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the contact area of the elements is small in relation to
their dimensions, especially length).

[0015] Because of these problems, the method of
building concrete frame houses from prefabricated con-
crete elements (as an alternative to timber frame tech-
nology) has not been developed. A long vertical beam
made of concrete instead of wood has a greater thickness
and weight than a wooden beam. It will not be possible to
move it without using a crane. The connection of such a
beam to other framing elements is very complicated due
to the small contact area of structural elements in frame
technology.

[0016] Document FR 961 163 A reveals a Structural
element in the form of a column, for architectural con-
struction of frame walls of buildings, containing shaft in
the form of vertical support beam, which shaft has a
bottom contact surface on the lower side and head con-
nected to the top of the shaft, which head extends sub-
stantially horizontally, perpendicular to the Z-axis of the
shaft and symmetrical with respect to the shaft, in at least
two opposite directions forming at least two side arms,
and from above the head includes the top surface of the
head.

The essence of the invention

[0017] The purpose of the invention is to enable low-
cost and fast construction of structural walls of buildings
that can have high thermal insulation, which is necessary
for the construction of energy-efficient and passive build-
ings.

[0018] The purpose of the invention is achieved by
making it possible to quickly erect frame walls from pre-
fabricated elements without the need for a crane, even by
a single person.

[0019] The purpose of the invention is to develop a
construction method that eliminates the disadvantages
of timber frame technology and gives the structural walls
additional desirable performance characteristics. The
invention makes it possible to build cheaper and warmer
walls compared to those currently used in timber frame
construction technology.

[0020] The purpose of the invention is to provide such
structural elements and such wall construction technol-
ogy that will allow easy and quick erection and construc-
tion of frame walls, including structural walls, from ready-
made structural and insulation elements without the need
for cranes (even by a single person).

[0021] The essence of the invention is to solve the
problem of efficiently and quickly joining prefabricated
concrete elements, including those of low weight (up to
30 kg) and small size, in order to create a frame structure
based on such elements.

[0022] The invention makes it possible to easily and
quickly insulate the resulting wall skeleton or give it other
desired functional characteristics by using specially de-
signed insulating bricks matched to the wall skeleton. In
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addition, the invention makes it easy to give different
functional characteristics to different parts of the wall,
which will also facilitate the construction of intelligent
buildings.

[0023] The invention enables low-cost construction of
frame wall structures around the world, including in
places where timber-frame technology cannot be used
due to the lack of wood.

[0024] Structural element 1 in the form of a column, for
architectural construction of frame walls of buildings,
containing:

- shaft 2 in the form of a vertical support beam, which
shaft 2 has a bottom contact surface 2b on the lower
side ;

- head 3 connected to the upper part of the shaft 2 ,
which head 3 extends essentially horizontally, per-
pendicular to the Z-axis of the shaft 2 and symme-
trical with respect to the shaft 2 , in at least two
opposite directions to form at least two side arms
4, and from above the head 3 contains the upper
surface of the head 3b ;

characterized in that the head 3 on the top surface of the
head 3b has atleast two tongues 6 , which on the top have
a top contact surface 6a and are located substantially at
the edges 3c of the head 3 and at least two grooves 5,
which on the bottom have a bottom contact surface 5a ,
which grooves 5 are located substantially in the center of
the top surface of the head 3b and the shape of the
individual tongues 6 corresponds to the shape of the
individual groove 5 .

[0025] Advantageously, the tongues 6 have the profile
of a right-angled triangle, in which one of the right-angle
side surfaces 6b of the tongue 6 is perpendicular to the
upper surface of the head 3b .

[0026] Advantageously, the upper contact surface 6a
forms an angle of 30° with respect to the horizontal or the
upper surface of the head 3b and/or the lower contact
surface 5aforms an angle of 30° with the upper surface of
the head 3b and the head 3 has a lower plane 3a, which
the lower plane 3a forms with the Z axis of the shaft 2 an
obtuse angle advantageously an angle of 120°.

[0027] Advantageously, at least two grooves 5 are
connected to each other and form one double groove.
[0028] Advantageously, the thickness of the tongue 6
is essentially equal to the thickness calculated according
to the formula:

tanx® x 0,5 Xy

> Xcosx° =G

Where x is the value of the inclination of the upper
contact surface 6a relative to the shaft 2,

y is the dimension width of the structural element 1,
G is the thickness of the tongue 6 .
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[0029] Advantageously, the two tongues 6 either ex-
tend beyond the edges of the head 3 or do not extend
beyond the edges of the head 3 or do not touch them.
[0030] Advantageously, the shaft 2 is essentially cu-
boid, cube or cylinder in shape and advantageously has
in addition holes 7 adapted for placing elements therein
and/or the side surface 2a of the shaft 2 together with the
lower surface 3a of the head 3 form an arc.

[0031] Advantageously, the dimensions of the struc-
tural element 1 are: maximum width of 40cm, maximum
height of 40cm, maximum thickness of 20cm and the
maximum weight of the structural element 1 is 30kg and is
made of concrete, gypsum, ceramic, polymer or compo-
site.

[0032] Advantageously constructed from two structur-
al elements 1 connected by bottom contact surfaces 2b to
form a column-shaped element with two heads that are
advantageously shaped like arches.

[0033] Advantageously, it has more than two tongues
and more than two grooves and replicates the structural
element in any direction.

[0034] Theinvention also includes an arrangement for
the construction of a frame house wall frame comprising
atleasttwo structural elements 1 configured to be aligned
vertically and horizontally with respect to each other,
advantageously the arrangement additionally comprises
a structural or insulating part configured to be placed in
the hollow space between the structural elements 1 in the
formof aninsulating brick 8, advantageously in the shape
of a substantially hexagon, regular hexagon, circle or
ellipse, which insulating brick 8 is advantageously made
of insulating materials for example Styrofoam.

[0035] The invention also includes a frame wall of a
house, characterized in that it contains at least two
structural elements 1 are connected to each other hor-
izontally by means of the right-angle side surfaces 6b of
the tongues 6, and vertically by means of the upper
surfaces of the head 3b and the lower contact surfaces
5a connected to the upper contact surfaces 6a .

[0036] Advantageously it contains structural elements
1 advantageously arranged between starting element 12
and ending element 13 and/or system lintels 9, side
elements 10 and vertical beams 11.

[0037] Advantageously, the joints of the structural ele-
ments 1 are reinforced with bonding and/or reinforce-
ment and/or assembly elements.

[0038] Advantageously it additionally includes a struc-
tural orinsulating part in the form of an insulating brick 8,
which advantageously is configured as afinished exterior
facade element of a building.

Beneficial effects of the invention
[0039]
1. The presented object of the invention allows the

rapid and efficient erection of skeletal structures of
buildings made of prefabricated elements (advanta-
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geously concrete), without the use of additional sup-
ports, formwork and without the need for cranes.
Construction of the described structure is possible
even by one person.

2. The presented method allows quick and easy
joining of system elements into a larger structure
that is rigid and stable. If necessary, it is possible
to add additional horizontal and vertical reinforce-
ments, which further increases the strength of the
created skeleton.

3. The presented invention makes it possible to
quickly and easily insulate the resulting structure
with this technology to create an airtight wall with a
very low heat transfer coefficient. Such walls are
essential for the construction of energy-efficient
and passive buildings.

4. Theinvention makes it possible, thanks to the self-
supporting frame structure, to easily erect walls from
the bottom up by building successive layers of the
frame. In the presented construction method, itis not
necessary to plumb the structural beams or corners
as is the case with timber frame technology, which
will enable even one person to build the frame.

5. The shape of the system’s structural elements
causes them to self-clamp and fit the framing ele-
ments under the influence of gravity, which reduces
the risk of errors during construction.

6. The structural components included in the inven-
tion fit together which eliminates the need to cut them
on site. This results in time and labor savings and
minimizes waste.

7. The structural skeleton resulting from the inven-
tion has regular and repeatable shapes. It consists of
openings of the same size throughout the wall. This
division of the wall into smaller regular spaces makes
it possible to standardize the size of the insulation
elements (or other building materials) with which the
skeleton will then be filled. This makes it possible to
fill the frame easily and quickly with them.

8. The repetitive arrangement of the skeleton’s voids
makes it easy to give different parts of the wall
different performance characteristics. Parts of the
wall closer to the ground can be filled with moisture-
resistant insulating bricks, and the upper parts can
be filled with vapor-permeable insulation.

9. The structural skeleton (advantageously made of
concrete elements) that is formed by the invention is
characterized by high durability compared to alter-
native construction methods, that is, to wood and
metal framed walls. Concrete is a noncombustible,
non-corrosive material, is not subject to biological
hazards and has a greater durability than wood and
steel.

10. The use of concrete as a prefabricated compo-
nent for structural framing results in lower construc-
tion costs, as concrete as a raw material is cheaper
than steel and wood and is available worldwide.
11. The invention makes it possible to use concrete

10

15

20

25

30

35

40

45

50

55

elements for structural framing, as it solves the tech-
nical problem of joining smaller concrete elements
into a larger frame. The contact (bonding) area of the
structural elements that are the subject of the inven-
tion is comparable to the bonding area of bricks in
masonry buildings despite the fact that the resulting
structure is a skeleton structure. This is due to the
proper design of the bonding method and the appro-
priate shapes of the skeleton elements.

Brief description of figures drawings

[0040]

Fig. 1 shows the structural element in an isometric
view.

Fig. 2 shows an inverted structural element in an
isometric view.

Fig. 3 shows a structural element with holes for
reinforcement in an isometric view.

Fig 4 shows the layout of the structural elements
arranged side by side horizontally.

Fig. 5 shows an arrangement of structural elements
aligned horizontally next to each other along with a

structural element aligned vertically.

Fig. 6 shows the layout of the structural elements
arranged side by side horizontally and vertically.

Fig 7 shows a wall formed from structural elements.

Fig. 8 shows a wall formed from the structural ele-
ments from the second execution example.

Fig. 9 shows a cross-section of the structural ele-
ment.

Fig. 10 shows a cross-section through the wall with
the transmitted forces.

Fig. 11 shows a wall formed by structural elements,
the empty openings of which form a circle.

Fig. 12 shows a wall skeleton with a door opening.
Fig. 13 shows an insulating brick.

Fig. 14 shows a wall frame partially filled with insulat-
ing bricks in a view from the outside of the building.

Fig. 15 shows a wall frame partially filled with insulat-
ing bricks from the inside of the building.

Fig. 16 shows a comparison of the contact surfaces
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for different angles of the tongues.

Fig. 17 shows a comparison of contact surfaces for
various traditional building materials.

Fig. 18 shows either the starting or ending elementin
isometric view.

Fig. 19 shows either the starting or ending element
from below in isometric view.

Fig. 20 shows the side element in isometric view.
Fig. 21 shows the vertical beam in isometric view.

A detailed description of a favorable example of the
execution of the invention

[0041] The invention will be described below with re-
ference to the figures and the references therein. The
invention presented herein relates to, among other
things, the structural element 1 shown in Fig. 1, which
is used in the erection of frame structures made of pre-
fabricated elements (advantageously made of concrete)
without the use of additional supports, formwork and
without the need for cranes. Thanks to a design that
uses, among other things, the principles of physics (ar-
chitecture) involving the transfer of forces by means of
architectural (structural) columns and arches, Fig. 10,
smaller structural elements 1 are easily connected to
form a larger structure - a wall that is rigid and stable.
The contact surface (joining force) of structural elements
1is comparable to that found in masonry buildings, which
provides high rigidity to the framework. This is because
each structural element 1 transfers forces from its own Z-
axis to the two Z-axes of two other structural elements 1,
at the same time it accepts force from two Z-axes of two
other structural elements, through groove 5 on its own Z-
axis. This mutual transmission of forces is made possible
by the large contact surface of the elements, which at the
same time ensures that they are firmly and stably con-
nected.

[0042] Anexample of the execution of the inventionis a
structural element 1, in the form of a column, which is
intended for the construction of frame walls of buildings.
The structural element 1, in the form of a column, includes
a shaft 2 and a head 3.

[0043] The elements, from which the object of the
invention is constructed, are shown in Fig. 1-5. The shaft
2isinthe form of an elongated vertical beam, which has a
bottom contact surface 2b on its lower, free side. In this
example, the shaft 2 is substantially cuboidal in shape,
and in other examples of execution it may be substantially
cube orcylinderinshape. The shaft 2 has a Z-axis, shown
in Fig. 1, which marks the center of symmetry of such
shaft 2.

[0044] The shaft 2 can vary in height, but it cannot,
including the height of the head 3, exceed the overall
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width of structural element 1, since such structural ele-
ment 1 must be stable when the structure is being as-
sembled. The overall width in this example is understood
to be the largest dimension of the entire structural ele-
ment 1 in the direction perpendicular to the Z axis.
[0045] The head 3 is permanently connected to the top
of the shaft 2 and forms one rigid unit with it, i.e. itforms a
column.

[0046] The head 3 extends essentially horizontally
(essentially perpendicular with respect to the Z-axis),
symmetrically with respect to the shaft 2, in at least
two opposite directions to form two side arms, which
arms are inscribed in the construction of a tensile-rein-
forced structural (architectural) arch, Fig. 10. Visible in
Fig. 1 structural elements that are inscribed in the (archi-
tectural) arch are the two tongues 6 and the groove 5. The
arch is tensile reinforced by the upper part of the head 3b
with the top surface of the head 3b also constituting the
only, essentially, horizontal element of the head structure.
The head 3 (advantageously including tongues, grooves
and the top surface 3b and the surface 3a) with the top
surface of the head 3b, in addition to the function of tensile
reinforcement of the arch, performs a stabilizing function,
making it easy to stack the structural elements 1 on top of
each other. The top surface of the head 3b can also serve
as a base for the installation of additional reinforcement
(reinforcement bars) of the wall horizontally, if necessary.
[0047] Thehead 3 has atleasttwo tongues 6 on the top
surface of the head 3b, which tongues 6 are placed
symmetrically on both opposite arms of the head 3, at
the end of these arms. The tongues 6 are the ends of the
structural arch (Fig. 10) that crowns the head 3 and are
the vertical-most parts of the head 3. The tongues 6
transfer forces in the skeleton from the Z-axis of the
structural element 1 to the Z-axis of the next two structural
elements 1, which are arranged as another layer of the
skeleton. Each of the tongues 6 has an upper contact
surface 6a. The tongues 6 are located at the edges 3c of
the head 3 as shown in Figs. 1 and 2 (fitting together with
the groove 5 into the cross-section of the structural arch,
Fig 10).

[0048] In the upper part of the head, there is also a
groove 5, which has a lower contact surface 5a on the
bottom. The groove 5 is located symmetrically (centrally)
with respect to the shaft 2, in the upper part of the head 3
on the upper surface of the head 3b and between the
tongues 6. In this example of execution, there are atleast
two grooves 5 on the upper surface of the head 3b. The
shape of the two tongues 6 corresponds to the shape of
the same number of grooves 5, such that the tongues 6 fill
the grooves 5. The grooves 6 may be separated from
each other (not shown in the pictures).

[0049] Advantageously, the grooves 5 merge into one
double groove consisting of two grooves 5, it is advanta-
geous if the grooves 5 merge into one double groove,
because then, when assembled, the tongues 6 of adja-
cent elements 1 are in contact with the surfaces 6b and
transfer loads to each other. The groove 5 transfers the
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forces from the Z-axis of the structural element 1 to the
ends of the structural arc, which are the tongues 6, of the
subsequent structural element 1. The upper contact sur-
face 6a of the tongue 6 corresponds to the lower contact
surface 5a of the groove 5 as seen in Fig. 9.

[0050] Inthisexample of execution, the tongues 6 have
the shape of aright triangle. A connoisseur of the field will
know, based on their knowledge, that it is possible to use
tongues 6 of another shape such as a rectangle, square
or semicircle. The rectangular triangle shape is the most
optimal. It is important that the tongues 6 including the
groove 5 fit into the cross-section of the structural arch
(Fig 10). In this execution example, one of the right-angle
side surfaces 6b, visible in Figs. 1 and 2, is vertical - it is
perpendicular to the top surface of the head 3b, itisinline
with the direction determined by the Z-axis, which makes
it easier to fit the skeleton elements when laying it out as
can be seen in Fig. 4.

[0051] In this example, shown in Figs. 1 and 2, the
upper contact surface 6a of the tongues 6 forms an angle
of 30° with the upper surface of the head 3b, with respect
tothe horizontal - perpendicular to the Z axis. The angle is
shown in Fig. 9. The horizontal is determined by the top
surface of the head 3b, perpendicular to the Z axis, which
is defined as the plane perpendicular to the direction of
gravity on or near the surface of the celestial body. Such
an angle of inclination ensures the least weight of the
structural element 1 and optimal stability of the structural
element 1 during stacking of successive structural ele-
ments 1. Optimal stability and rigidity of the structure is
achieved with an angle of inclination of the upper contact
surfaces 6a of 30° with respect to the horizontal - per-
pendicular to the Z axis, because in such an arrangement
the contact area of the structural elements 1 in relation to
their total area (mass) is the largest. Thus, the structure is
the strongest. Other than 30° angle of inclination (both
smaller and larger) results in a worse ratio of the contact
area of structural elements 1 to their total area (mass).
Thus, a greater than 30° angle of inclination lengthens the
element 1 vertically causes it to be less stable and
heavier, or while keeping the same height of the element
increases its weight. In both cases, the ratio of the contact
area of structural element 1 to its weight (total mass)
deteriorates.

[0052] A comparison of contact surfaces (other than
vertical) for different angles of inclination of the tongues 6
of the structural element 1 is shown in the table in Fig. 16.
Vertical contact surfaces were not considered for these
calculations because vertical surfaces do not transmit
gravitational force. At an angle of 30°, the structural
element 1 has the smallest weight and the largest contact
area. Atalargerangle - 45°, the performance is worse. At
asmallerangle - 0°, the parameters also deteriorate. With
an angle of 0°, the tongues 6 and groove 5 are completely
eliminated, which further results in the instability of such
structural elements 1 during laying. The contact surface
is the surfaces of the structural element 1 (other than
vertical) that are in contact with the surfaces of subse-
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quent structural element 1 laid on top of it. The front
surface is the surface that is visible when looking from
the front at the structural element 1 laid out in the skele-
ton. The front surface does not include the surface of the
tongues, since the tongues are not visible when as-
sembled into a skeleton.

[0053] A comparison of the contact area for different
traditional building materials is shown in the table in Fig.
17. Double structural element 1 (2x structural element 1)
has a very high contact area to front arearatio. Itis inferior
only to traditional flat brick, which has the best ratio of all
building materials becauseitis the flattest. In addition, the
structural element 1 is the only one in the list to have
grooves 5 and tongues 6. The other building materials
analyzed have a flat surface. The table shows that the
design of the structural element 1 solves well the tech-
nical problem of low tangency of structural elements,
which occurs in frame structures.

[0054] In the optimal execution example, the lower
contact surface 5a of the groove 5 forms an angle of
30° with the upper surface of the head 3b, with the
horizontal. Maintaining the same angles of the groove
5 and the tongues 6 allows the tongues 6 to fit properly
into the groove 5 and fill them completely when assem-
bling structural elements 1, resulting in a structure with
greater strength, as can be seen in Fig. 5. Figs. 1 and 2
show an example of execution where the tongues 6 fill the
groove 5 completely.

[0055] The optimal thickness of tongues 6 is indicated
in Fig. 9 by the reference designation G. The optimal
thickness of the tongues is calculated from the formula:

(tanx) x (0,5 X y)

X =G
> cos X

[0056] Where x is the value of the inclination of the
upper contact surface 6a with respect to the level deter-
mined by the top surface of the head 3b, perpendicular to
the Z axis,

y is the overall width of the structural element 1.

[0057] Realistically, the thickness of the tongues may
deviate from the calculated result by

The optimal thickness of the tongues 6 ensures full filling
of the groove 5.

[0058] The optimal thickness of tongues 6 depends on
the overall dimensional width of the entire structural
element 1 and the angle of inclination of the upper contact
surface 6a with respect to the Z axis of shaft 2. The
greater the dimensional width of the structural element
1, the greater the thickness of tongues 6. The thickness of
tongues 6 is not related to the thickness of shaft 2. The
shaft 2 can have a smaller or larger thickness with the
same thickness of tongues 6.

[0059] Inone example of the design of Fig. 2, the head
3 has a lower surface 3a, symmetrical (or symmetrically
arranged) with respect to the shaft 2, which forms an
obtuse angle with the Z-axis of the shaft 2 as seenin Figs.
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1and 2. In one example of Fig. 5, Fig. 6, Fig. 7 and Fig. 8,
the obtuse angle is 120°. In yet another example of the
design of Fig. 11, the lower surface 3a of the head 3 forms
an arc together with the side surface 2a of the shaft 2, Fig.
11. Such a design is heavier than the design with a 120°
obtuse angle, butitis also more robust. The obtuse angle
design is optimal considering the ratio of weight to the
contact surfaces of the structural element 1.

[0060] Fig. 3 shows an example where the bottom
contact surface 2b has holes 7 adapted to accommodate
elements therein, which are reinforcement bars that can
serve both to join two elements 1 together and can also
serve as additional reinforcement for the skeleton verti-
cally.

[0061] All parts of the structural element 1 can be
formed from the same material or from a combination
of different materials into a single unit. In the case of the
same material in different examples of execution, it can
be concrete (including reinforced), ceramic, polymer or
composite. Currently, concrete is the cheapest material
due to its low cost.

[0062] In this example of execution, the dimensions of
the structural element 1 advantageously are: 40 cm wide,
37 cm high and 15 cm thick. The height should not be
greater than the width so that the structural element 1 is
stable during laying. The thickness must ensure stability
during laying and be proportional to the element’s width.
In a favorable example, the mass of the entire structural
element 1 made of concrete is less than 15 kg. This mass
allows the structural element 1 to be carried without the
use of a crane or other auxiliary machinery.

[0063] In another favorable design example, shown in
part in Fig. 8, the structural element 1 is built from two
structural elements 1 connected to each other with bot-
tom contact surfaces 2b into a single unit, forming a
structural element 1 with the shape of a column with
two heads - Fig. 10. The structural element 1 in this shape
is optimal from the point of view of speed and simplicity of
construction of the structural skeleton.

[0064] The application discloses an arrangement for
constructing a frame wall of a frame house using a
structural element 1. The arrangement includes at least
two interconnected structural elements 1 that are stacked
ontop of each other and side by side as shownin Fig. 4 -8.
[0065] The structural elements 1 are connected hor-
izontally to each otherin the direction perpendicular to the
Z-axis by means of contact surfaces, which consist of the
lower contact surface 5a of the groove 5, the upper
contact surface 6a of the tongues 6, and the upper sur-
face of the head 3b.

[0066] Structural elements 1 arranged horizontally
next to each other adhere to each other with their per-
pendicular surfaces 6b and lean against each other.
[0067] The structural elements 1 are connected to
each other by the upper surfaces of the head 3b and
the lower contact surfaces 5a of the groove 5, which are in
contact with the upper contact surfaces 6a of the tongues
6. The vertical contact surfaces of the components are
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the right-angle arm surface 6b of the tongue 6 and the
side surface 6c¢ of the tongue and the side surface 5b of
the groove 5.

[0068] Superimposed structural elements 1 press the
structural elements 1 of the lower layer against each
other. One structural element 1 is laid on top of two
structural elements 1 arranged next to each other hor-
izontally. This position allows the two structural elements
1 arranged next to each other horizontally to be pressed
against each other by properly aligning the tongues 6 with
the grooves 5. A well-fitted and stable structure in all
directions is formed. Thanks to the structure, according to
the favorable example of execution, the elements will
stick to each other even without glue or mortar.

[0069] The stacked structural elements 1 transfer ver-
tical forces from the Z-axis of one structural element 1 to
the Z-axes of two more structural elements 1 as shown in
Fig. 10.

[0070] In the illustrated execution examples, the con-
nected structural elements 1 into a wall, form between the
side surfaces 2a of the shaft 2 together with the bottom
surfaces 3a of the head 3 a hollow space in the shape of a
substantially hexagonal, regular hexagon, circle or el-
lipse, as can be seen in Figs. 6-8 and 10-11. The ar-
rangement in another execution example includes a
structural or insulating part that is configured to be placed
in the created voids of the structural framework formed by
the arrangement of the structural elements 1. In other
execution examples, the structural part of the wall or
insulating part is an insulating brick 8, as seen in Fig.
13, made of insulating materials for example Styrofoam.
[0071] Fig. 12 shows a wall, which is the subject of the
invention, using structural elements 1. In addition to the
arrangement of elements 1 described above, the wall
includes starting elements 12 and ending elements 13.
Starting elements 12 and ending elements 13 contain
some features of structural element 1, at least grooves 5
and tongues 6. Starting elements 12 and ending ele-
ments 13 in this example of execution have the same
geometry and can be seen in Figs. 18 and 19. In other
execution examples, the wall includes a system lintel 9,
side elements 10 and vertical beams 11. Fig. 20 shows an
example of the execution of side element 10, and Fig. 21
shows an example of the execution of vertical beam 11.
Fig. 14 shows such a wall from the outside of the building
with insulating bricks 8 filled in.

[0072] Some openings can be left open for ventilation
of the building. The wall from the outside can be covered
with a thin-coat facade plaster, or it can be already
finished insulating bricks 8 that are also a facade.
[0073] Fig. 15 shows the wall from the inside. The wall
from the inside can be finished in any way, for example,
with plaster on a grid or with gypsum boards. Additional
layers of thermal or acoustic insulation can be applied to
the wall.

[0074] Anadditionalimportant feature of the presented
wall erection technique is the fact that the spaces of the
structural frame have regular, repeating shapes which
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makes the insulating bricks 8 used to fill them also the
same size. This speeds up the process of insulating the
building and eliminates waste. In addition, insulating
bricks 8 can have different insulation and water vapor
permeability parameters. Depending on the needs, the
same wall can be insulated with insulating bricks 8 made
of different materials. For example, at the ground of the
wall can be insulated with insulating bricks 8 resistant to
moisture. At the top of the wall, water vapor permeable
bricks can be placed. This is a unique property of the wall
based on the presented construction not available in
alternative wall construction systems, including frame
wall construction.

Claims

1. Structural element (1) in the form of a column, for
architectural construction of frame walls of buildings,
containing:

- shaft (2) in the form of a vertical support beam,
which shaft (2) has a bottom contact surface (2b)
on the lower side;

- head (3) connected to the top of the shaft (2),
which head (3) extends substantially horizon-
tally, perpendicular to the Z-axis of the shaft (2)
and symmetrical with respect to the shaft (2), in
at least two opposite directions forming at least
two side arms (4), and from above the head (3)
includes the top surface of the head (3b);

characterized in that the head (3) on the top surface
of the head (3b) has at least two tongues (6), which
on the top have an upper contact surface (6a) and
are located essentially at the edges (3c) of the head
(3), and atleast two grooves (5), which on the bottom
have a bottom contact surface (5a), which grooves
(5) are located essentially at the center of the top
surface of the head (3b) and the shape of the in-
dividual tongue (6) corresponds to the shape of the
individual groove (5).

2. Structural element (1) according to claim 1, char-
acterized by the fact that the tongues (6) have the
profile of a right triangle, in which one of the right-
angle side surfaces (6b) of the tongue (6) is perpen-
dicular to the upper surface of the head (3b).

3. Structural element (1) according to claim 1 or 2,
characterized in that the upper contact surface
(6a) forms an angle of 30° with respect to the hor-
izontal or the upper surface of the head (3b) and/or
the lower contact surface (5a) forms an angle of 30°
with the upper surface of the head (3b) and the head
(3) has alower surface (3a), which lower surface (3a)
forms an obtuse angle with the Z axis of the shaft (2)
preferably an angle of 120°.
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4.

10.

Structural element (1) according to any of the claims
from 1 to 3, characterized in that at least two
grooves (5) are connected to each other and form
one double groove.

Structural element (1) according to any of the claims
from 1 to 4, characterized in that the thickness of
the tongue (6) is substantially equal to the thickness
calculated according to the formula:

(tanx®) x (0,5 x y)
2

Xcosx® =G

Where x is the value of the inclination of the
upper contact surface (6a) relative to the shaft
(2),

yisthe overall width of the structural element (1),
G is the thickness of the tongues (6).

Structural element (1) according to any of the claims
from 1 to 5, characterized in that the two tongues
(6) either extend beyond the edges of the head (3) or
do not extend beyond the edges of the head (3) nor
contact them.

Structural element (1) according to any of the claims
from 1 to 6, characterized in that the shaft (2) is
essentially cuboidal, cube or cylindrical in shape and
advantageously has additionally holes (7) adapted
for placing elements therein and/or the side surface
(2a) of the shaft (2) together with the lower surface
(3a) of the head (3) form an arc.

Structural element (1) according to any of the claims
from 1 to 7, characterized in that the dimensions of
the structural element (1) are: maximum width of 40
cm, maximum height of 40cm, maximum thickness
of 20 cm and the maximum weight of the structural
element (1) is 30 kg and it is made of concrete,
gypsum, ceramic, polymer or composite.

Structural element (1) according to any of the claims
from1 to 8, characterized in that it is built of two
structural elements (1) which are in accordance with
claim 1 connected by bottom contact surfaces (2b) to
form a column-shaped element with two heads.

An arrangement for the construction of a frame
house wall frame comprising at least two structural
elements (1) according to claims 1-9, configured to
be aligned vertically and horizontally with respect to
each other, advantageously the arrangement addi-
tionally comprises a structural or insulating part con-
figured to be inserted in the hollow space between
the structural elements (1) in the form of an insulating
brick (8), advantageously in the shape of a substan-
tially hexagonal, regular hexagon, circle or ellipse,
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which insulating brick (8) is advantageously made of
insulating materials for example Styrofoam.

A frame wall of a house characterized in that it
contains at least two structural elements (1) accord-
ing to claims 1-9 are connected to each other hor-
izontally by means of the right-angle arm surfaces
(6b) of the tongues (6), and vertically by means of the
upper head surfaces (3b) and lower contact surfaces
(5a) connected to the upper contact surfaces (6a).

House frame wall according to claim 11, character-
ized in that it contains structural elements (1) ac-
cording to claims 1-9 advantageously arranged be-
tween starting elements (12) and ending elements
(13) and/or system lintels (9), side elements (10) and
vertical beams (11).

A frame wall of a house according to claim 11 or 12,
characterized in that the joints of the structural
elements (1) are reinforced by means of bonding
and/or reinforcement and/or assembly elements.

A frame wall of a house according to claim 11, 12 or
13, characterized in that it additionally includes a
structural or insulating part in the form of an insulat-
ing brick (8), which is advantageously configured as
a finished exterior facade element of the building.

Patentanspriiche

1.

Ein Konstruktionselement (1) in Form einer Saule flr
den architektonischen Aufbau von Gebaudeskelett-
wanden, welcher Folgendes umfasst:

- einen Schaft (2) in Form eines vertikalen Stiitz-
balkens, wobei der Schaft (2) eine untere Kon-
taktflache (2b) aufweist;

- einen Kopf (3), der mit dem oberen Teil des
Schafts (2) verbunden ist, wobei sich dieser
Kopf (3) im Wesentlichen horizontal, senkrecht
zur Z-Achse des Schafts (2) und symmetrisch
zum Schaft (2) in mindestens zwei entgegenge-
setzten Richtungen erstreckt und mindestens
zwei Seitenarme (4) bildet, und von oben um-
fasst der Kopf (3) die obere Flache des Kopfes
(3b);

dadurch gekennzeichnet, dass der Kopf (3) min-
destens zwei VorstoRe (6) auf der oberen Flache des
Kopfes (3b) aufweist, die eine obere Kontaktflache
(6a) an der Oberseite aufweisen und im Allgemeinen
an den Kanten (3c) des Kopfes (3) angeordnet sind,
und mindestens zwei Nuten (5) die am Boden eine
untere Kontaktflache (5a) aufweisen, wobei die Nu-
ten (5) im Allgemeinen in der Mitte der oberen Flache
des Kopfes (3b) angeordnet sind und die Form eines
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jeden VorstoRes (6) der Form jeder Nut (5) ent-
spricht.

Das Konstruktionselement (1) nach Anspruch 1,
dadurch gekennzeichnet, dass die Vorstofie (6)
ein rechtwinkliges Dreiecksprofil aufweisen, wobei
eine der Flachen-Katheten (6b) der VorstoRe (6)
senkrecht zur Flache des oberen Kopfes (3b) ist.

Das Konstruktionselement (1) nach Anspruch 1 oder
2, dadurch gekennzeichnet, dass die obere Kon-
taktflache (6a) einen Winkel von 30° zur Horizonta-
len oder zur oberen Kopfflache (3b) bildet und/oder
die untere Kontaktflache (5a) einen Winkel von 30°
zur oberen Kopfflache (3b) bildet, und der Kopf (3)
eine untere Ebene (3a) aufweist, wobei die untere
Ebene (3a) mit der Z-Achse des Schafts (2) einen
stumpfen Winkel, vorzugsweise 120°, bildet.

Das Konstruktionselement (1) nach einem der An-
spriche 1 bis 3, dadurch gekennzeichnet, dass
mindestens zwei Nuten (5) miteinander verbunden
sind und eine einzige Doppelnut bilden.

Das Konstruktionselement (1) nach einem der An-
spriche 1 bis 4, dadurch gekennzeichnet, dass
die Dicke des VorstoRes (6) im Wesentlichen gleich
der Dicke ist, die nach folgender Formel berechnet
wird:

(tanx®) x (0,5 x y)
2

Xcosx® =G

wobei x der Wert der Neigung der oberen Kon-
taktflache (6a) in Bezug auf den Schaft (2) ist, y
die Gesamtbreite des Konstruktionselements
(1) ist,

G die Dicke des Vorstoles (6) ist.

Das Konstruktionselement (1) nach einem der An-
spriiche 1 bis 5, dadurch gekennzeichnet, dass
zwei VorstolRe (6) entweder Uber die Kanten des
Kopfes (3) hinausragen oder nicht tiber die Kanten
des Kopfes (3) hinausragen und diese nicht berih-
ren.

Das Konstruktionselement (1) nach einem der An-
spriiche 1 bis 6, dadurch gekennzeichnet, dass
der Schaft (2) allgemein quaderférmig, kubisch oder
zylindrisch ist und vorzugsweise zusétzliche Offnun-
gen (7) aufweist, die zum Einsetzen von Elementen
geeignet sind, und/oder die Seitenflache (2a) des
Schafts (2) mit der unteren Ebene (3a) des Kopfes
(3) einen Bogen bildet.

Das Konstruktionselement (1) gemaf einem der An-
spriiche 1 bis 7, dadurch gekennzeichnet, dass
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die Abmessungen des Konstruktionselements (1)
wie folgt sind: maximale Breite 40 cm, maximale
Hohe 40 cm, maximale Dicke 20 cm und maximales
Gewicht des Konstruktionselements (1) 30 kg, und
es besteht aus Beton, Gips, Keramik, Polymer oder
Verbundwerkstoff.

Das Konstruktionselement (1) gemaf einem der An-
spruche 1 bis 8, dadurch gekennzeichnet, dass es
aus zwei Konstruktionselementen (1) aufgebaut ist,
die durch die unteren Kontaktflachen (2b) gemaf
Anspruch 1 verbunden sind, um ein saulenférmiges
Element mit zwei Képfen zu bilden.

Anordnung fur den Bau einer Rahmenwand eines
Rahmenhauses, bestehend aus mindestens zwei
Konstruktionselementen (1) gemal den Anspri-
chen 1-9, die so konfiguriert sind, dass sie vertikal
und horizontal zueinander positioniert werden kon-
nen, vorzugsweise umfasst die Anordnung auch ein
Konstruktions- oder Ddmmteil, das so gestaltet ist,
dass es in denleeren Raum zwischen den Konstruk-
tionselementen (1) in Form eines DAmmziegelsteins
(8) eingesetzt werden kann, vorzugsweise in Form
eines Sechsecks, regelmaRigen Sechsecks, Krei-
ses oder einer Ellipse, wobei der Dammziegelstein
(8) vorzugsweise aus Isoliermaterialien, z. B. Poly-
styrol, besteht.

Die Rahmenwand eines Rahmenhauses ist da-
durch gekennzeichnet, dass sie mindestens zwei
Konstruktionselemente (1) gemaf den Anspriichen
1-9 enthalt, wobei die VorstoRe (6) horizontal durch
die Flachen-Katheten (6b) und vertikal durch die
oberen Kopfflachen (3b) und die unteren Kontakt-
flachen (5a) verbunden sind, die mit den oberen
Kontaktflachen (6a) verbunden sind.

Die Rahmenwand eines Rahmenhauses gemag An-
spruch 11, dadurch gekennzeichnet, dass sie
Konstruktionselemente (1) gemaf den Anspriichen
1 bis 9 enthalt, die vorzugsweise zwischen den Aus-
gangselementen (12) und den Endelementen (13)
und/oder Systemstiirzen (9), Seitenelementen (10)
und vertikalen Balken (11) angeordnet sind.

Die Rahmenwand eines Rahmenhauses geman An-
spruch 11 oder 12, dadurch gekennzeichnet, dass
die Verbindungen der Konstruktionselemente (1) mit
einem Bindemittel und/oder Bewahrungs- und/oder
Montageelementen verstarkt sind.

Die Rahmenwand eines Rahmenhauses gemaf
den Ansprichen 11, 12 oder 13, dadurch gekenn-
zeichnet, dass sie zusatzlich ein Konstruktions-
oder Dammteil in Form eines Dammziegelsteins
(8) umfasst, der vorzugsweise als vorgefertigtes
AuRenfassadenelement des Gebaudes konfiguriert
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ist.

Revendications

Un élément structurel (1) sous la forme d’'une co-
lonne, pour la construction architecturale de murs a
ossature de batiments, comprenant :

- un montant (2) sous la forme d’'une poutre de
support verticale, ce montant (2) ayant une sur-
face de contact inférieure (2b) sur son cbté
inférieur ;

- une téte (3) reliée a la partie supérieure du
montant (2), laquelle téte (3) s’étend sensible-
ment horizontalement, perpendiculairement a
'axe Z du montant (2) et symétriquement par
rapport au montant (2), dans au moins deux
directions opposées formant au moins deux
bras latéraux (4), et depuis le haut le montant
(3) comprend la surface supérieure de téte (3b);

caractérisé en ce que la téte (3) sur la surface
supérieure de téte (3b) a au moins deux saillies
(6) qui sur le dessus ont une surface de contact
supérieure (6a) et sont positionnées sensiblement
sur les bords (3c) de la téte (3) et au moins deux
rainures (5), qui présentent une surface de contact
inférieure (5a), ces rainures (5) étant positionnées
sensiblement au centre de la surface supérieure de
téte (3b) et la forme d’'une saillie individuelle (6)
correspond a la forme d’une rainure individuelle (5).

L'élément structurel (1) selon la revendication 1,
caractérisé en ce que les saillies (6) ont le profil
d’'un triangle droit, dans lequel I'une des surfaces
perpendiculaires (6b) de la saillie (6) est perpendi-
culaire a la surface supérieure de téte (3b).

L’élément structurel (1) selon la revendication 1 ou 2,
caractérisé en ce que la surface de contact supé-
rieure (6a) forme un angle de 30° par rapport a
I'horizontale ou a la surface supérieure de téte
(3b) et/ou la surface de contact inférieure (5a) forme
un angle de 30° avec la surface supérieure de téte
(3b) et la téte (3) a un plan inférieur (3a), lequel plan
inférieur (3a) forme un angle obtus avec I'axe Z du
montant (2), de préférence un angle de 120°.

L’élément structurel (1) selon I'une quelconque des
revendications 1 a 3, caractérisé en ce qu’au moins
deux rainures (5) sont reliées I'une a l'autre et for-
ment une double rainure.

L’élément structurel (1) selon I'une quelconque des
revendications 1 a 4, caractérisé en ce que |'épais-
seur de la saillie (6) est sensiblement égale a I'é-
paisseur calculée selon la formule :
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(tanx®) x (0,5 X ¥)

Xcosx® =G
2

ou x représente la valeur de I'inclinaison de la
surface de contact supérieure (6a) par rapport
au montant (2),

y représente la largeur totale de I'élément struc-
turel (1),

G représente I'épaisseur de la saillie (6).

L’élément structurel (1) selon 'une quelconque des
revendications 1 a5, caractérisé en ce que les deux
saillies (6) dépassent les bords de la téte (3) ou ne
dépassent pas les bords de la téte (3) et ne les
touchent pas.

L’élément structurel (1) selon 'une quelconque des
revendications 1 a 6, caractérisé en ce que le
montant (2) est essentiellement en forme de para-
lIélépipéde, de cube ou de cylindre et présente de
préférence des ouvertures (7) adaptées pour y loger
des éléments et/ou la surface latérale (2a) du mon-
tant (2) et la surface inférieure (3a) de la téte (3)
forment un arc.

L’élément structurel (1) selon 'une quelconque des
revendications 1 a 7, caractérisé en ce que les
dimensions de I'élément structurel (1) sont : largeur
maximale de 40 cm, hauteur maximale de 40 cm,
épaisseur maximale de 20 cm et poids maximal de
I'élément structurel (1) de 30 kg, fait de béton, de
platre, de céramique, de polymére ou de matériau
composite.

L’élément structurel (1) selon I'une quelconque des
revendications 1 a 8, caractérisé en ce qu’il est
composé de deux éléments structurels (1) reliés par
des surfaces de contact inférieures (2b) selon la
revendication 1, formant un élément en forme de
colonne a deux tétes.

Un systeme pour construire la charpente d’'un mur
d’'une maison a ossature comprenant au moins deux
éléments structurels (1) selon les revendications 1 a
9, configurés pour étre positionnés verticalement et
horizontalement I'un par rapport a I'autre, de préfé-
rence le systéme comprenant en outre une partie
structurelle ou isolante configurée pour étre placée
dans I'espace vide entre les éléments structurels (1)
sous la forme d’une brique isolante (8), de préfé-
rence sous la forme d’'un hexagone sensiblement,
d’'un hexagone régulier, d’un cercle ou d’une ellipse,
ladite brique isolante (8) étant de préférence consti-
tuée de matériaux isolants, par ex. polystyréne.

U mur a ossature de maison, caractérisé en ce qu’il
comprend au moins deux éléments structurels (1)
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selon les revendications 1 a 9, reliés I'un a l'autre
horizontalement au moyen des surfaces perpendi-
culaires (6b) de la saillie (6) et verticalement au
moyen des surfaces supérieures de téte (3b) et
des surfaces de contact inférieures (5a) reliées
aux surfaces de contact supérieures (6a).

Le mur a ossature de maison selon la revendication
11, caractérisé en ce qu’il comprend les éléments
structurels (1) selon les revendications 1-9 disposés
de préférence entre des éléments de départ (12) et
des éléments d’extrémité (13) et/ou des linteaux de
systeme (9), des éléments latéraux (10) et des pou-
tres verticales (11).

Le mur a ossature de maison selon la revendication
11 0u 12, caractérisé en ce que les connexions des
éléments structurels (1) sont renforcées par un liant
et/ou des éléments de renforcement et/ou d’assem-
blage.

Le mur a ossature de maison selon les revendica-
tions 11,12 ou 13, caractérisé en ce qu’il comprend
en outre une partie structurelle ou isolante sous la
forme d’une brique isolante (8), qui estde préférence
configurée comme un élément de fagade extérieure
fini d’un batiment.
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the vertical | element 1 tonges) tongties) c
horizontal | surfaces) & s
steps cm 2 cm? cm? ke
45 624 328 4 875 11,2 1,90
30 631 296 4437 10,2 2,13
0 600 308 4620 10,6 1,95
Fig. 16
B/C
L
Contact
Dimensions surface Contact
. . _ . Front Estimated | surfaceB/
Description (width; height; | (without _
_ surface weight Front
depth) vertical
surface C
surfaces)
—[ cm cm 2 incm?2 kg
silicate brick 25/22/12 600 550 15,2 1,09
ceramic block [28,8/22/18,8| 1083 634 10,5 1,71
regular brick | 25/6,4/12 600 160 3,8 3,75
2x element 1 40/37/15 1262 592 20 2,13

Fig. 17
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