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(87) Abstract

The invention relates to a space frame structure without nodes, the structure comprising first (1) and second (2) continuous upper
chord profiles running crosswise relative to each other and first (3) and second (4) continuous lower chord profiles running crosswise relative
to each other, as well as diagonal profiles (5) which connect junction points (6) of the upper chord profiles to junction points (7) of the
lower chord profiles, whereby nodes are formed at which the diagonal profiles are connected to the chord profiles. Both the first and the
second upper chord profiles, as well as the first and the second lower chord profiles, comprise each two flat flanges (11) which together
form an apex angle (28). The diagonal profiles (5) comprise each two continuous side surfaces which mutually form a spread angle. At
the nodes (6, 7) the diagonal profiles (5) are by their side surfaces directly secured to both the first and the second upper chord profiles (1,
2) and, respectively, to both the first and the second lower chord profiles (3, 4), to their continuous flat flanges (11).
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Space truss structure without node pieces

The invention relates to a space frame structure without node
elements, which frame structure comprises first and second con-
tinuous upper chords running crosswise in relation to each
other and first and second continuous lower chords running
crosswise in relation to each other, as well as diagonal pro-
files which connect at least some of the junction points of the
upper chord profiles to at least some of the junction points of
the lower chord profiles, whereby there are formed space frame
structure nodes at which the continuous side surfaces of the
diagonal profiles are fastened to at least one of the chord
profiles.

By a space frame structure is thus meant in the present patent
application a frame structure which has upper chords and lower
chords forming an upper chord grid or upper chord grids and, at
a distance from this, a lower chord grid or lower chord grids.
In principle such a space frame can thus, in the orientation of
these grids, be extended indefinitely by lengthening the mem-
bers which constitute the upper and lower chords and by in-
creasing their number in the transverse directions. Such a
space frame structure thus has a length of the required mag-
nitude and a width of the required magnitude and, perpendicular
to these, a thickness substantially smaller than both the
length and the width of the space frame structure. Across the
length of the space frame structure there run at least two
chord members and across its width there run at least two chord
members which intersect the first-mentioned chord members. The
invention thus relates to plate-like space frame structures and
does not at all deal with pillar or beam structures having a
thickness and a width limited by the design of the structure
and having only one dimension, i.e. the length, extendable in
an unlimited manner. Plate-like space frame structures normally
comprise a plurality of first and second upper chord profiles
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which run crosswise relative to each other, and a plurality of
first and second lower chord profiles which run crosswise rela-
tive to each other. The junction points of the upper chord
profiles are in one such space frame structure connected to the
junction points of the lower chord profiles by using diagonal
braces, in which case nodes are formed at the junction points
of the diagonal braces and these chord profiles. The diagonal
braces interconnecting these nodes thus maintain the upper
chord profiles and the lower chord profiles at a distance from
each other which is the characteristic thickness of the space
frame structure, and also mediate forces between the chord
profiles. Typically these nodes are formed at the junction
points of the chord profiles, but such nodes may be formed with
diagonal braces also at other points of the chord profiles. In
general, a plurality of diagonal braces are connected to one
node, for example typically four diagonal braces which are
oriented from the node symmetrically and pyramidally in dif-
ferent directions towards opposite chords. Depending on the
placement of these diagonal braces, and thus the placement of
the nodes, and on the orientation of the diagonal braces,
numerous different space frame structure geometries are ob-
tained, which are known per se.

If we start from the space frame structure principle described
above, it is evident that a space frame can be formed from
separate node elements and from separate bars which intercon-
nect the node elements, the bars in the upper chord grid and
the bars in the lower chord grid forming lines, and thereby the
chord members, and the bars interconnecting the chords forming
the diagonal braces. This system has the advantage that each
bar can be designed and manufactured on the basis of the loads
the frame element concerned will be subjected to. Thus the bars
in different orientations are in these systems typically dif-
ferent. Such space frame structures equipped with node elements
have been described in publications FI-80 935, FI-92 508 and
DE-2 413 529. However, owing to the complicated structure of
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the node elements and to the fact that it is necessary to manu-
facture a large number of different bars to produce the chord
members and the diagonal braces, such a frame structure is in
practice expensive. Furthermore, since in its assembly it is
necessary to take into account the fact that the different bars
fit in only certain places and in certain positions, the assem-
bling of such a frame structure with node elements is also
complicated and time-consuming. Costs are also increased by the
fact that bars manufactured for a certain individual space
frame structure usually cannot be used for any other space
frame structure; each frame must be made from structural parts
specifically designed and prepared for it. Therefore the costs
are further increased by the fact that no serial production or
continuous production is possible. Publication CH-429 086 also
describes a frame structure in which node elements are used,
although in this structure the node elements are either plate-
like pieces or parts of a T-profile and thus simple in shape.
This structure contains a very large number of parts and its
manufacture and assembling are expensive. What is obtained by
using this proposed construction is not a genuine space frame
structure but a combination of parallel and/or intersecting
flat grids.

Publications US-5 165 214 and EP-128 431 describe space frame
structures without node elements, these structures thus com-
prising continuous upper chord profiles running crosswise rela-
tive each other and continuous lower chord profiles running
crosswise relative to each other, and diagonal profiles con-
necting these chord profiles. In these publications the chord
profiles are thus continuous, i.e. they have not been cut into
parts having the length of the distance between nodes; they are
profile shapes continuing throughout the upper chord and the
lower chord. In order that the ends of the diagonal profiles
could be secured to the continuous chord profiles, the ends of
the diagonal profile pieces are bent and, when necessary, also
otherwise shaped, for example by flattening, in which case the
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diagonal profiles can be secured to the chord profiles by using
bolts. The fact that it is not necessary to manufacture sepa-
rate complicated node elements and that the chord profiles can
be continuous profiles makes these space frame structures more
advantageous than the frame structures using node elements, de-
scribed above. However, the frame structure described in the
said EP publication requires that the chord profiles be notched
in order that they can be fitted to each other at the junction
points; this increases the costs and decreases the strength.
Furthermore, the precise shaping of the ends of the diagonal
profiles for each individual space frame structure decreases
possibilities for mass production and increases the costs. In
the structure of the said US publication, it is not necessary
to notch the chord profiles at the nodes, but also in this
structure the diagonal profiles must be suitably designed for
each frame structure, and one space frame structure has several
different types of such individually designed diagonal pro-
files. Both of these factors increase the costs. The diagonal
profiles are structurally such that the system is not suitable
for robust structures; it is limited to relatively light
frames. Furthermore, the node structure described is not advan-
tageous in terms of strength of materials as it concentrates
the forces between the diagonal profiles and the chord profiles
at the nodes in a very small area and in small webs between
bolts and/or in one relatively small bolt. For this reason,
also, the described structure is suitable for only lightweight
frame structures.

Publication DE-2 445 515 describes a space frame structure
based on continuous chord profiles and having no node elements,
in which structure the ends of the diagonal profiles have not
been specifically shaped. In this structure, one of the chord
profiles has been designed to comprise two flat flange pairs,
in which case two opposite surfaces of a diagonal profile rec-
tangular in cross-section bear against two flange surfaces of
the pair of flat flanges. This chord profile, which comprises
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the said oblique flat flange pairs, is made up of two separate
profile parts which have been hinged to each other, in which
case they can be tilted to the position in which they are in
the final space frame structure. The final position is locked
by using self-tapping screws passing through the crosswise
chord profile. Although in this system the individual design of
the diagonal profiles and actual node elements are avoided, the
complicated shaping of the chord profile from two parts hinged
to each other results in a considerably high price. Further-
more, the node is not very advantageous in terms of strength of
materials, since the diagonal profiles are connected to only
one of the chord profiles and the other chord profile is se-
cured to the first-mentioned chord profile only by using self-
tapping screws. In this case the transfer of forces between the
chord profiles, and from this second chord to the diagonal pro-
files, takes place overall through a very weak joint. This
structure, also, is not suitable for forming robust frames.

It is thus an object of the invention to provide a space frame
structure without node elements, in which structure all of the
chord profiles are of a simple continuous and fixed profile
without any bendable portions. Another object of the invention
is such a space frame structure, in which it is not necessary
to make any notchings or any other shapings in either chord
profile at the junction points of the chord profiles crosswise
to each other. Thus a third object of the invention is such a
space frame structure, at the nodes of which, where the diag-
onal profiles are connected to either one of the chord profiles
or to both chord profiles, it is necessary at most to make
holes in the diagonal profile and in the chord profile to ac-
commodate any securing members. If a securing method which does
not require the use of holes is used for connecting the diago-
nal profiles and the chord profiles, which option is also one
of the objects of the invention, it is a particular object that
it is not necessary at all to perforate the diagonal profiles
and the chord profiles. A fourth object of the invention is
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such a space frame structure, in which it is not necessary to
shape the ends of the diagonal profiles in any way for their
securing to the chord profiles; the diagonal profiles can mere-
ly be cut straight, or partly or entirely obliquely into suit-
able lengths and, when necessary, be provided with holes for
possible securing members between them and the chord profiles.
A fifth object of the invention is such a space frame struc-
ture, in which each diagonal profile can be secured at the
nodes, where the chord profiles intersect, directly without any
intermediary elements to both of these intersecting chord pro-
files. An additional object, due to this, is such a frame
structure, in which it is not necessary to secure the inter-
secting upper chord profiles directly to each other and the
intersecting lower chord profiles directly to each other. A
sixth object of the invention is such a space frame structure,
in which it is possible to form additional nodes, in addition
to the junction points of the chord profiles, by placing in the
frame additional diagonal profiles and/or additional chord
profiles. A seventh object of the invention is such a space
frame structure, in which all of the diagonal profiles are
preferably of mutually the same profile. An eight object of the
invention is a possibility of using in these profiles, accord-
ing to the given location in the space frame, a material of the
desired strength, while keeping, when necessary, the cross-sec-
tional dimensions unchanged. A ninth object of the invention is
a space frame structure in which the shapes of the profiles are
open profiles and can be formed, for example, by rolling, and
so as to be easily zinc coated, or alternatively hollow-core
profiles. A tenth object of the invention is such a space frame
structure, in which the thickness of the frame can be given the
desired magnitude by using diagonal profile pieces of the de-
sired length and by additionally arranging, in the chord grids,
the sides of the grid panel of the chord profiles so as to
correspond to this.

The disadvantages described above can be eliminated and the
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objectives defined above can be achieved by using a space frame
structure according to the invention, without node elements,
the structure being characterized in what is stated in the
characterizing clause of Claim 1.

The most essential advantage of the invention is that in the
space frame structure according to it both the chord profiles
and the diagonal profiles are made of simple straight profile,
from which a frame of a certain size can be assembled simply by
cutting the profile into parts of the desired length and by
securing the parts thus obtained, not changing their shape, to
each other by using bolts, screws, welding or gluing or some
other suitable method. The structure according to the invention
thus has no articulations, and it is not necessary to change
the shape of any profile pieces; at most, the drilling of holes
for the securing members will suffice. Another advantage of the
invention is that at the nodes formed by the junction points of
the chord profiles it is not necessary to make any notchings,
and at these points the diagonal profiles connect directly to
both chord profiles, surface against surface. Thus a very
strong frame is obtained, since the forces are transferred
directly between the two chord profiles and the diagonal pro-
files.

It is a further advantage of the invention that all of the
diagonal profile pieces can, when necessary, be mutually simi-
lar, in which case no assorting for purposes of transportation
and assembling of the frame structure is necessary. This also
enables the frame structure to be assembled rapidly and simply.
In a preferred frame structure according to the invention, all
the chord profiles may also be of the same profile. By using,
for example, roll forming for the manufacture of the profiles,
the total strength of the frame structure and/or the strength
and rigidity proportions of its various points, can always be
adjusted to that required by a given situation, with very small
changes in the manufacture. Thus it is very easy to use a
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thicker or stronger steel or other material in the areas sub-
ject to the greatest stress and to take into account, for ex-
ample, the fact that in a part subject to tensile stress it is
often preferable to use a stronger but thinner material and in
parts subject to compressive stress a thicker material with
less strength, while the principal shape of the profiles will
remain unchanged and the manufacturing costs very low.

Furthermore, it is an advantage of the invention that by using
a structure according to the invention it is also easy to im-
plement frames in which the first and second upper chord pro-
files mutually and the first and second lower chord profiles
mutually form a grid pattern which is not in the conventional
manner made up of squares but, for example, of rectangles,
diamonds or other parallelograms. Such frame structures are
advantageous in terms of strength of materials in situations in
which the load is unevenly distributed and, for example, in the
longitudinal direction of the frame different from that in the
transverse direction. On the other hand, sometimes such a frame
is desirable for architectural reasons.

The invention is described below in detail, with reference to
the accompanying figures.

Figure 1 depicts generally a space frame structure ac-
cording to the invention, in an axonometric representation.

Figure 2 depicts one node formed by a junction of upper
chords and diagonal profiles in a space frame structure accord-
ing to the invention, in the same representation as in Figure
1.

Figure 3 depicts one node formed by a junction of lower
chords and diagonal profiles in a space frame structure accord-
ing to the invention, in the same representation as in Figure
l.
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Figure 4 depicts a top view of one embodiment of the
space frame structure according to the invention, having sgquare
grid panels, in a direction perpendicular to the length and the
width of the frame, as seen from direction I in Figure 1.

Figures 5A-5E depict cross-sections of other alternative
chord profiles.

Figures 6A-6D depict cross-sections of other alternative
diagonal profiles.

Figure 7 depicts a top view of another embodiment of the
space frame structure according to the invention, having rect-
angular grid panels, in a direction perpendicular to the length
and the width of the frame, in the same representation as in
Figure 4.

Figure 8 depicts a top view of a third embodiment of the
space frame structure according to the invention, having
parallelogram-shaped grid panels, in a direction perpendicular
to the length and width of the frame, in the same representa-
tion as in Figure 4.

The space frame structure according to the invention, without
node elements, shown in the figures, comprises first upper
chord profiles 1 and second upper chord profiles 2, which run
crosswise relative to each other and are typically made up of
continuous, i.e. unbroken profiles. The structure also com-
prises continuous first lower chord profiles 3 and second con-
tinuous lower chord profiles 4, which run crosswise relative to
each other and are preferably made up of continuous, i.e. un-
broken profiles. All of the first upper chord profiles 1 are
mutually parallel and, furthermore, all of the first lower
chord profiles 3 are mutually parallel, and typically these
first upper chord profiles and the first lower chord profiles
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are also mutually parallel. Respectively, the second upper
chord profiles 2 are mutually parallel and the second lower
chord profiles 4 are mutually parallel, and, furthermore, these
second upper chord profiles and the second lower chord profiles
are typically mutually parallel. This positioning of the chord
profiles can be seen most clearly in Figure 4. In the embodi-
ment of Figure 1, the second upper chord profiles are above the
first upper chord profiles and against them, and likewise the
second lower chord profiles are above the first lower chord
profiles and against them, as seen from direction I. In this
case the distance Hl between the plane formed by the first
upper chord profiles 1 and the plane formed by the first lower
chord profiles 3 is equal to the distance H2 between the plane
formed by the second upper chord profiles 2 and the plane
formed by the second lower chord profiles 4. However, there is
no obstacle to the arranging of the relative positions of these
chords differently, in which case the distances H1l and H2 be-
tween the planes are of different magnitudes. In such a case,
for example, the second lower chord profiles 4 would be below
the first lower chord profiles 3.

wWhen the first and second upper chord profiles are against each
other, or almost against each other, and interconnected to each
other by mediation of diagonal profiles, in the manner ex-
plained below, and respectively the first and second lower
chord profiles are against each other, or almost against each
other, and interconnected by mediation of diagonal profiles, in
a manner explained below, there is formed a space frame having
two chord grids, in which the effective distance between the
chord grids is H = (H1 + H2)/2. In the embodiment described in
the present application, the effective distance between the
chord grids is thus H = Hl = H2. The first and second upper
chord profiles 1, 2 together serve as one chord grid and, re-
spectively the first and second lower chord profiles 3,4 serve
as one chord grid.
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In a usual situation, nodes 6 and 7 of the space frame struc-
ture are formed from the junctions of the first and second
upper chord profiles 1, 2, as well as from the junctions of the
first and second lower chord profiles 3, 4, by connecting at
these points diagonal profiles 5 to the chord profiles. These
diagonal profiles 5 always run from a node 7 of the lower chord
profiles to a node 6 of the upper chord profiles, as can be
seen clearly in Figure 4. Typically, four diagonal profiles
depart pyramidally and symmetrically from each node 6, 7 formed
by the junctions, the corner points of each pyramid being nodes
in the upper or lower chord grid, and the tip of the pyramid
being a node in the opposite, either lower or upper, chord
grid. With respect to the number of these diagonal profiles it
is possible to make normal alterations known in the context of
space frame structures, i.e. some of the diagonal profiles may
be omitted, in which case the frame becomes somewhat lighter in
weight, although at the expense of the bearing capacity. Also,
in either chord grid the chord profile frequency can be altered
in a manner generally known in frame structures, but in this
case the apex angle 2B of the chord profile cross-section,
discussed below, and the L-angle 2a of the diagonal profile
cross-section must, of course, be adjusted to correspond to
this space frame arrangement.

According to the invention, both the first and the second upper
chord profiles 1, 2, as well as the first and the second lower
chord profiles 3, 4, comprise each two continuous flat flanges
which in cross-section form mutually a V-angle, or an apex
angle 2R. In other words, all the chord profiles comprise each
two flat flanges unbroken in the longitudinal orientation of
the profile, the apex angle between the flanges in their cross
section being in all chord profiles the same 2B, as can clearly
be seen in Figures 2 and 3. In the embodiment of Figures 2 and
3, the inner surfaces 8 and outer surfaces 9 of each flat
flange 11 are mutually parallel and thus form an apex angle 28B.
In this case the diagonal profiles can, in accordance with the
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invention, be connected equally well to the outer surfaces 9 or
the inner surfaces 8 of these flat flanges, as shown in the
figures. It is also possible to use flat flanges 11 in which
only the outer surface 9 forms the said apex angle 28, but in
such a case the diagonal profiles are connected at the nodes 6
and 7 only against the outer surfaces of both the first and
second chord profiles. Such a design is usable if the chord
profiles are formed as hollow-core profiles and not as open
profiles as in the preferred embodiment shown in the figures.
In other respects the chord profiles may be of any type, the
only limitation deriving from the fact that there must be room
for the ends of the diagonal profiles 5 to settle against these
flat flanges 11. All the chord profiles may in themselves be
cross-sectionally different, as long as they have the said flat
flanges, but in terms of installation and machine shop tech-
niques the preferable system is that all of the chord profiles
are of the same profile type in their cross-sectional shape,
and most preferably of precisely the same profile. In terms of
strength of materials, on the other hand, it is most preferable
to use in the lower chord profiles a material as strong as
possible, since a high tensile stress prevails in them. In the
upper chord profiles it is possible to use a lower~strength
material, which is less expensive. When a frame structure ac-
cording to the invention is used, these facts of strength of
material can be taken into account, i.e. the different chord
profiles may be manufactured from materials of different
strengths and/or different thicknesses, while their shape can
be maintained the same. Maintaining the shape either completely
the same or changing it only with respect to the material
thickness is advantageous in terms of manufacturing technology,
since, for example, in roll forming machines these said alter-
natives can be made by using the same tools; at the most, ad-
justment of their settings may be needed before continuing the

production.

According to the invention, the diagonal profiles 5 comprise
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each at least two continuous side surfaces 12, which in the
cross-section form together an L-angle, or a spread angle, Z2a.
Thus in the preferred embodiment depicted in Figures 2 and 3,
the diagonal profiles 5 are in the main L-shaped, the outer
surfaces 12a, 12b of their L-branches forming in the cross-
section the said L-angle 2a. When such an L-profile is used,
the chord profiles can be secured to this diagonal profile 5,
and in particular to its side surfaces 12, at the outer sur-
faces 9 and inner surfaces 8 of the flat flanges 11. If it is
desired to use an alternative in which the diagonal profiles
must be connected to the chord profiles only at the outer sur-
faces 9 of the flat flanges 11 of the chord profiles, it is
necessary to use a diagonal profile which comprises two oppo-
site L-shaped sections in which two adjacent side surfaces
always form between their branches the above-mentioned spread
angle 2a. The cross-sectional shape of such a diagonal profile
is mainly a parallelogram, tetrahedron or the like, having four
flat continuous side surfaces, the two spread angles 2a, formed
each by two of the surfaces, being equal, in which case two
adjacent flat surfaces at one node 6, 7 function in contact
with the flat flange 11 of the chord profiles. Such a cross-
sectional shape of a diagonal profile is shown in Figure 6D.
The diagonal profiles may otherwise have any cross-sectional
shape, as long as they have the number, according to the embo-
diment, of continuous side surfaces 12, i.e. at least two con-
tinuous side surfaces, the spread angle between them being
proportioned to the apex angle between the flat flanges 11 of
the chord profiles in such a manner that the flat contact,
described in greater detall below, is formed between these side
surfaces and the outer surfaces and/or inner surfaces of the
flat flanges. It is, of course, possible to use different diag-
onal profiles at different points, as long as they have the
said side surfaces, but in terms of machine shop and installa-
tion techniques it is preferable that all of the diagonal pro-
files are, in their cross-sectional shape, of the same profile
type, and most preferably of precisely the same profile. In the
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manufacture of diagonal profiles according to the invention it
is possible to apply the same alterations of material thickness
and strength as were described above in connection with the
chord profiles, with the same advantages. Thus in diagonal
profiles subjected to compressive stress it is preferable to
use a relatively thick material. When roll forming is used in
the manufacture of the profiles, it is easy to alter the thick-
ness and strength of the material, since it does not cause a
need to replace the tools; most often the changing of the set-
ting values will suffice before production is continued.

In particular, in accordance with the invention the apex angle,
or V-angle, 2P between the flat flanges of the chord profiles
and the spread angle, or L-angle, 2a between the side surfaces
12 of the diagonal profiles have been proportioned to each
other so that at nodes 6 the continuous side surfaces 12 of the
diagonal profiles 5 settle against the continuous flat flanges
11 of both the first and the second upper chord profiles 1, 2,
and likewise the continuous side surfaces 12 of a diagonal
profile settle against the continuous flat flanges 11 of the
first and the second lower chord profiles 3, 4. To elucidate
the matter, in Figures 2 and 3 the profiles have been drawn as
being transparent as regards the foremost diagonal profiles 5,
and the contact surfaces between the diagonal profiles and the
chord profiles have been hatched obliguely. Thus, at the node 6
depicted in Figure 2 the first side surfaces 1l2a of the diagon-
al profiles settle against the outer surfaces 9 of the first
upper chord profile 1, and the second side surfaces 12b settle
against the inner surfaces 8 of the flat flange 11 of the sec-
ond upper chord profile 2. Likewise, at the node 7 depicted in
Figure 3, the first side surfaces 12a of the diagonal profiles
5 settle against the inner surfaces 8 of the first lower chord
profile 3, and the second side surfaces 12b against the outer
surfaces 9 of the second lower chord profile 4. It is in par-
ticular emphasized in this connection that between the side
surfaces of the diagonal profiles and the flat flanges of the
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chord profiles there is a contact surface at which these pro-
files settle surface against surface in the area indicated by
the hatching, and that one diagonal profile is in this manner
in contact with both chord profiles at the node concerned. The
diagonal profile thus also ties the intersecting chord profiles
to each other, and no other fasteners are required between the
chord profiles. Within these contact areas the diagonal pro-
files are secured to the chord profiles by means of fasteners
20. The fasteners 20 may be rivets, bolts, screws or other
corresponding fasteners, or the joint can be made by welding or
gluing or by some other corresponding securing method. What is
essential is, however, the surface contact described above, the
contact producing a very rigid and strong node between the
chord profiles and the diagonal profiles, and thereby a very
strong and rigid space frame structure, regardless of the
securing method.

When the preferred profile shape depicted in Figures 2 and 3 is
used, together with a general space frame structure in which
the distance HO between the chord grids is equal to the dis-
tance Hl1l between the first upper and lower chord profiles and
to the distance H2 between the second upper and lower chord
profiles, i.e. H = H1 = H2, for example the values shown in the
following Table 1 are obtained for the apex angle 2B between
the flat flanges 11 of the chord profiles 1, 2; 3, 4, and for
the spread angle 2a between the side surfaces 12 of the diago-
nal profiles 5. Table 1 also shows some theoretical lengths P
(measured from the web of one chord profile to the web of an-
other chord profile) for the diagonal braces 5 and lengths Kl-
K4 (measured from the center point of one node to the center
point of another node) for the sides of the grid panels formed
by chord profiles 1 and 2; 3 and 4. In this case, as is usual,
all of the grid panels are of equal size, and their sides are
of equal length, i.e. K = K1 = K2 = K3 = K4, in which case the
grid panel formed both by the lower cords and by the upper
cords is thus a square. This embodiment and the sgquare grid
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panel can be seen in Figure 4:

Table 1 (grid panel is a square)

Apex angle (2B) of chord profiles 120° 102° 90° 71° 60° 40°
L-angle (2a) of diagonal profiles 41° 53° 60° 71° 83° 83°
Theoretical length (P) of diagonals 2.6 2.,0H 1.7H 1.4H 1.3H 1.1H
Side length (K1-K&) of grid panel 3.54 2.5H 2.0H 1.4H 1.2H 0.7H

In a general form, in a frame according to the above the spread
angle between the side surfaces 12 of the diagonal profiles can
be calculated from the following equation: sin a = (cos B) /
J2, where angle B is one-half of the apex angle 2B of the chord
profiles, and angle a is one-half of the spread angle 2a be-
tween the side surfaces. It is clear that this dependence ap-
plies only to the frame design described above, which is a so-
called square-on-sguare frame. In this embodiment, all of the
diagonal profiles are also equally long. If some other frame
form is used, the dependence between angles a and B is, of
course, in accordance with some other equation. However, re-
gardless of the form of the frame, the apex angle 2B formed by
the flat flanges 11 of the chord profiles is typically within
the range 120°-40°, and preferably in the order of 90°-60°. If
in this case the cross-sectional shape is a symmetrical trun-
cated V-shape, the inside fold angles of the profile shape are
equal, i.e. 90+B, as shown in Figures 2 and 3. Respectively,
the spread angle 2a between the side surfaces 12 of the diago-
nal profiles 5 is typically within a range of approx. 40°-90°,
preferably in the order of 60°-76°. Within angle ranges such as
these, even open profiles, as well as hollow-core profiles,
rigid against both folding and buckling are obtained. These
values, defined above, for the apex angle 2B and for the spread
angle 2a are thus independent of the cross-sectional shape of
the pfofile.

Below, the implementation of the frame structure according to
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the invention in a frame of a different shape is depicted with
the help of Table 2. In this frame, the distance K2 between the
second upper chord profiles is greater than the distance Kl
between the first upper chord profiles, and respectively the
distance K4 between the second lower chord profiles is greater
than the distance K3 between the first lower chord profiles,
but nevertheless the chord profiles are at right angles to each
other. The grid panels formed by the lower chords are in this
case of the same shape and the same size as the grid panels
formed by the upper chords, i.e. K1 = K3 < K2 = K4, the grid
panels thus being rectangles.

Table 2 (grid panel is a rectangle)

Apex angles (2B,/2By) of chord profiles 120°/90° 90°/60° 71°/60° 60°/45°
L-angle (2a) of diagonal profiles 52° 69° 73° 79°
Theoretical length (P) of diagonals 2.2H 1.5H 1.4H 1.2H

Side lengths (K1,K3/K2,K4) of grid panel 2.0H/3.5H 1.2H/2.0H 1.2H/1.4H 0.8H/1.2H

As can be seen in Table 2, the apex angles 2B of the chord pro-
files and the apex angles 2a of the diagonal profiles are with-
in the same range as those described above, although in this
case the apex angles 262 of the second upper and lower chord
profiles 2, 4 are not equal to the apex angles 231 of the first
upper and lower chord profiles. However, in this case, also,
the spread angles 2a of all of the diagonal profiles 5 are
equal, and all of the diagonal profiles are equal in length.
This frame form and its grid panels can be seen in Figure 7.

Next, the implementation of the frame structure according to
the invention in a third frame type is described with the help
of Table 3. The most essential feature in it is that the chord
profiles are not perpendicular to one another; in the chord
grids they form mutually grid angles w2=75° and ©1=105°, and
thus the grid panel is either a diamond or more commonly a
parallelogram, in which the opposite angles are thus equal.
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Table 3 shows a more common situation, in which the proportions
of the side lengths of the grid panels are generally K1 = K3 <

K2 = K4, in which case the lower chords together and the upper

chords together thus form parallelogram panels.

Table 3 (grid panel is a parallelogram in which (1=105° and
$5=75°)

Apex angle (28,/287) of chord profiles 120°/90° 90°/60° 71°/60° 60°/45°
L-angle (2a) of diagonal profiles 45°/59° 59°/79° 62°/84° 67°/91°
Theoretical length (P) of diagonals 2.1H/2.5H 1.5H/1.7H 1.3H/1.5H 1.2H/1.3H
Side length (K1,K3/K2,Ks4) of grid panel 2.1H/3.6H 1.2H/2.1H 1.2H/1.5H 0.9H/1.2H

As can be seen in Table 3, the apex angles 2B of the chord pro-
files and the apex angles 2a of the diagonal profiles are with-
in the same range as was described above, although in this case
the apex angles 2B, of the second upper and lower chord pro-
files 2, 4 are not equal to the apex angles 2B, of the first
upper and lower chord profiles 1, 3. In this case, however, the
spread angles 2a4q of the first diagonal profiles 5, which con-
nect nodes 6, 7 within the area of the larger angle yp; of the
grid panel, are smaller than the spread angles 2a, of the
second diagonal profiles 5, which connect the nodes 6, 7 within
the area of the smaller angle ) of the grid panel. The theore-
tical length P; of the first diagonal profiles is in this case
smaller than the theoretical length Py of the second diagonal
profiles. This frame form and its grid panels can be seen in
Figure 8.

As is evident from the tables, by means of the apex angle 2B
between the flat flanges 11 of the chord profiles and the
spread angle 2a between the side surfaces 12 of the diagonal
profiles it is possible to adjust the inclination of the diago-
nal profiles and thereby the distance H between the upper chord
1,2 and the lower chord 3,4, as well as the length K of the
side of the grid panel, to the desired magnitudes. When the
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apex angle 2B of the flat flanges of the chord profiles is
maintained constant and the spread angle 2a of the side sur-
faces of the diagonal profiles is maintained constant, the
distance H between the upper chord and the lower chord can be
increased or decreased while the length of the side of the grid
panels of the upper chord and the lower chord is lengthened in
the same proportion. Thus, by using the space frame structure
according to the invention, a frame having the desired thick-
ness H and the desired frequency of diagonals can be obtained
in each given case.

Preferably the apex angles 2B of the first and second upper
chord profiles 1, 2 open mutually in the same direction and
preferably towards the interior of the space frame. Respective-
ly, the apex angles 2B of the first and second lower chord pro-
files 3, 4 open mutually in the same direction, towards the in-
terior of the space frame. In this case, the edges 13 of the
flat flanges 11 of the second upper chord profiles 2 will ad-
vantageously settle against the ridge of the shape of the first
upper chord profiles 1 or, in the embodiment of Figures 1-3,
against the web 14 of the truncated V-shape, and, in a respec-
tive manner, the edges 13 of the flat flanges 11 of the first
lower chord profiles 3 will settle against the ridge of the
shape of the second lower chord profiles 4 or, respectively,
against the web 14 of the truncated V-shape, as shown in Fig-
ures 1-3. Since the first and the second profiles may be
mutually in a different order, the contact order referred to
above may be reverse to what has been described. This will not
change the principles described above in the present applica-
tion. In principle the apex angles of the chord profiles may
also open outwards from the space frame, but in such a case the
diagonal profiles will have to intersect between the chords,
which may cause problems.

Sufficient room for the ends of the diagonal profiles 5 will be
obtained between the flat flanges 11 of the chord profiles and



WO 96/25565 PCT/F196/00079

20

a sufficient surface area will be obtained for the flat con-
tacts between the diagonal profiles and the flat flanges of the
chord profiles if the chord profile 1-4 used has the cross-
sectional shape of a truncated V and the widths Wl of the flat
flanges 11 are typically within a range of one-third of to
equal to the width W2 of the web 14 of the truncated V-shape.
Preferably these flat flange widths W1l are approx. one-half of
the web width W2. Thus the chord profiles may have a cross-
sectional shape either completely V-shaped, as shown in Figure
5A, or they may be open profiles having the shape of a trun-
cated V, as shown in Figures 2 and 3. This in the main V-shaped
design has also the advantage that at the nodes 6, 7 formed at
the junction points of the chord profiles the first and second
chord profiles, and in particular their flat flanges 11, can be
brought close to each other, in which case the strengths and
rigidities of the chord grids will be the same in the orienta-
tions of both the first and the second chord profiles, and the
joint between the first and the second chord profiles will be
rigid. If the chord profiles are entirely or in part made as
hollow-core profiles, they may also be A-shaped, trapezoidal,
triangular, which are also in principle V-shaped profiles, or
hexagonal or the like in their cross-section, as shown in Fig-
ures 5B-5E. A hexagonal shape which has two opposite apex
angles 2B between the flat flanges is suitable for use in
frames which have more than two chord grids, but it may, of
course, also be used in space frames with two chord grids,
which are discussed in greater detail in the present applica-
tion.

The diagonal profiles 5 may, as may the chord profiles, also be
hollow-core profiles either entirely or in part. In such a case
the cross-sectional shape of the diagonal profiles is A-shaped,
trapezoidal, triangular or a parallelipipedon or the like, as

shown in Figures 6A-6D. However, it is preferable to make also
the diagonal profiles as open profiles, in which case they are
easy to galvanize, e.g. to hot galvanize. A sharp-tipped cross-
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sectional shape of the diagonal profile, such as shown in Fig-
ures 2, 3, 6A and 6C-6D, is advantageous, since in such a case
the contact surface area of the diagonal profile and the chord
profiles at their nodes, in particular at nodes 6, 7 formed at
the junction points of the chord profiles, is maximal. As is
evident from the tables above, the apex angle 28 between the
flat flanges 11 of the chord profiles 1, 2; 3,4 may be precise-
ly the same as the angle 2a between the side surfaces 12 of the
diagonal profiles 5. In this case all the chord profiles and
diagonal profiles may, if so desired, be of a profile exactly
the same, at least in shape.

The chord profiles and diagonal profiles according to the in-
vention are preferably open profiles, such as shown in Figures
2, 3 and 5A, since such profile shapes can be formed, for ex-
ample, by the roll-forming method, in which case profiles hav-
ing the desired cross-sectional dimensions and the required
lengths can be manufactured flexibly. The advantages gained by
using this manufacturing method were already described earlier
in the present application. The wall thicknesses may vary typi-
cally within the range 4-12 mm but, depending on the apparatus
and the purpose of use, they may be even smaller than the said
4 mm or greater than the said 12 mm. In a space frame structure
according to the invention the thickness H of the frame is the
frame span length D5 and/or D4 divided by a number of 10-30.
Typically the frame thickness H is the span length divided by a
number of 15-20 but, when necessary, these values can be
deviated from.

In a space frame structure according to the invention it is
easy to arrange additional nodes 21, 22, for example in the
area of the frame edges, to stiffen the space frame. This is
done by securing to the flat flange 11 of an upper chord pro-
file 1 or 2 and to the flat flange 11 of a lower chord profile
3 or 4 additional diagonals 15a between them at points which
are between the nodes 6, 7 formed by the junction points of the
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chord profiles. Figure 1 shows one such additional diagonal
15a, but it is clear that in a practical situation a plurality
of such diagonals are provided at each edge of the space frame
structure, for example, within each distance between the nodes
6,7 formed by the chord profile junctions. These additional
diagonals 15a may be inclined alternately in different direc-
tions. These additional diagonals may have the same length as
the other diagonal profiles, or they may designed to be of a
different length, for example, of the magnitude of the perpen-
dicular distance between the first upper and lower chords. At
those points of the space frame structure edges at which the
chord profiles end there are in most cases formed nodes even if
they are not dimensionally chord profile junctions. However, in
most cases the edge of the space frame is arranged at the point
at which there will be a node 6 formed by upper chord profiles
1 and 2 or a node 7 formed by lower chord profiles 3 and 4. In
such a case the diagonals belonging at this point are in any
case brought to this point, and so they serve as nodes. At the
intersection line of the lower chord profiles or, respectively,
upper chord profiles and the space frame edge, which is at the
distance of half the length of a side of a grid panel from the
nodes formed by the chord profile junctions, it is possible to
form, by using diagonal profiles of a differing length or diag-
onal profiles 15b having a length corresponding to the other
diagonal profiles, additional nodes 25 in the manner described
above. This first-mentioned design is not shown in the figures
of the application, but the latter design is shown in Figure 1.
In it, additional diagonal profiles 15b, having the length of
the other diagonal profiles, form additional nodes 22 and 25 in
the lower chord profiles and, respectively, upper chord pro-
files, and in the latter at the frame edge.

The space frame structure without node elements, in accordance
with the invention, can with relative ease be also designed as
a raised or pre-cambered frame. This is done by making at least
some of the first or second lower chord profiles 3 or 4 of at
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least two profile elements. Figure 4 shows an embodiment in
which the two lower chord profiles 3 and 4 are each made of
three profile elements 23a-23c and 24a-24c, in which case the
total combined length D1+D2+D3 of the profile elements 23a-23c
of the first lower chord profile 3 is smaller than the length
D4 of the completed frame structure in the orientation con-
cerned, and likewise the total combined length D1+D2+D3 of the
three profile elements 24a-24c of the second lower chord pro-
file 4 is smaller than the length D5 of the completed frame
structure in this orientation. Thus there will be small gaps 17
between the profile elements 23a-c, 24a-c at the assembling
stage of the frame structure. At the end of the assembling
stage, these gaps 17 are reduced or entirely closed by using
tightening means, not shown in the figures, which cross the
gaps, whereupon tensile stress is produced on the lower-chord
side of the frame structure, whereupon the unloaded space frame
structure will rise and become slightly cambered towards the
upper chord 1, 2. When, thereafter, the space frame structure
is loaded from above, from direction I in Figure 1, in the
normal manner, the shape of a correctly dimensioned and pre-
cambered space frame structure against the locading force in a
perpendicular direction will be substantially flat. However,
often it is not necessary to design the space frame so as to be
pre-cambered, and so it is possible to use continuous, or in
very large frames conventionally extended, chord profiles which
extend over the entire lengths D4, D5 of the frame. If pre-
cambering is used, the lengths of the profile elements 23 24
can be selected expediently and independently of the distances
between the nodes.
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Claims

1. A space frame structure without node elements, the
structure comprising first (1) and second (2) continuous upper
chord profiles running crosswise relative to each other and
first (3) and second (4) continuous lower chord profiles run-
ning crosswise relative to each other, as well as diagonal
profiles (5) which connect at least some of the junction points
(6) of the upper chord profiles to at least some of the junc-
tion points (7) of the lower chord profiles, whereby space
frame structure nodes are formed, at which the diagonal pro-
files are by their continuous side surfaces connected to at
least one of the chord profiles, characterized in that both the
first and the second upper chord profiles (1, 2), as well as
both the first and the second lower chord profiles (3, 4) com-
prise each two continuous flat flanges (11), which in cross-
section form between them an apex angle (28), that the diagonal
profiles (5) comprise at least two continuous side surfaces
(12) which in cross-section mutually form a spread angle (2a),
and that the diagonal profiles (5) are at the nodes (6, 7)
secured directly by their continuous side surfaces (12) to both
the first and the second upper chord profiles (1, 2) and, re-
spectively, to both the first and the second lower chord pro-
files (3, 4), to their continuous flat flanges (11).

2. A space frame structure according to Claim 1, charac-
terized in that at the nodes (6, 7) the side surfaces (12) of
the diagonal profiles (5) and the flat flanges (11) of the
first and the second chord profiles (1, 2 or 3, 4) rest surface
against surface, that the side surfaces (12) of the diagonal
profiles are outer surfaces of a spread angle (2a) and settle
against either the inner flange surface (8) or the outer flange
surface (9) of the apex angle (2B) of the chord profiles.

3. A space frame structure according to Claim 1 or 2, char-
acterized in that the chord profiles (1, 2; 3, 4) are preferab-
ly all of a profile cross-sectionally of the same type, that in
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all the chord profiles the apex angle (2B) between the flat
flanges (1ll) is equal, typically within the range 120°-40°,
preferably in the order of 90°-60°, and that the cross-
sectional shape of the chord profiles has preferably in the
main a V-shape, and typically a truncated V-shape, in which the
inner fold angles (10) are equal (90+B).

4. A space frame structure according to Claim 3, charac-
terized in that in the chord profiles (1, 2; 3, 4) the widths
(W1l) of the flat flanges (11l) of the truncated V-shape of the
cross-section are 1/3 - 1 times the width (W2) of the web (14)
of the truncated V-shape, and preferably these widths are ap-
proximately one-half the width of the said web width.

5. A space frame structure according to Claim 1, charac-
terized in that the apex angles (2B) of the first and the sec-
ond upper chord profiles (1, 2) open mutually in the same
direction, either outwards from the space frame or, preferably,
towards the interior of the space frame, and that, respective-
ly, the apex angles (2B8) of the first and the second lower
chord profiles (3, 4) open mutually in the same direction,
either outwards from the space frame or, preferably, towards
the interior of the space frame, the edges (13) of the flat
flanges (11) of the first or second upper and, respectively,
lower chord profiles settling against the ridge of the V-shape
or against the web (14) of the truncated V-shape of the second
or first upper and, respectively, lower chord profiles.

6. A space frame structure according to Claim 1 or 5, char-
acterized in that the first upper chord profiles (1) and the
first lower chord profiles (3) mutually, and likewise the sec-
ond upper chord profiles (2) and the second lower chord pro-
files (4) mutually, are parallel, and that the distance (H1l)
between the planes formed by the first upper chord profiles and
by the first lower chord profiles is equal to the distance (H2)
between the planes formed by the second upper chord profiles
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and the second lower chord profiles.

7. A space frame structure according to Claim 1 or 6, char-
acterized in that the mutual distances (K1, K2) between the
first and between the second upper chord profiles (1, 2) are
equal to the mutual distances (K3, K4) between the first and
between the second lower chord profiles (3, 4), in which case
the shape of the grid panel is at least approximately square.

8. A space frame structure according to Claim 1 or 6, char-
acterized in that the distances (Kl) between the first upper
chord profiles and, respectively, the distances (K3) between
the first lower chord profiles (3) are of a magnitude different
from that of the distances (K2) between the second upper chord
profiles (2) and, respectively, the distances (K4) between the
second lower chord profiles (4), and/or the upper chord pro-
files (1, 2) together and the lower chord profiles (3, 4) to-
gether form grid angles (@1, wz) deviating from a right angle,
the shape of the grid panel thus being a rectangle, diamond or
parallelogram.

9. A space frame structure according to Claim 1, charac-
terized in that all of the diagonal profiles (5) are of a pro-
file of the same type in cross-section, preferably of the same
profile, the cross-section of which comprises at least one
approximately L-shaped portion in which the spread angle (2a)
between the branches forming the side surfaces (12) is typical-
ly within a range of approx. 40°-90°, preferably in the order
of 60°-76°.

10. A space frame structure according to Claim 1 or 9, char-
acterized in that the diagonal profiles (5) are in the main L-
shaped or, alternatively, U-shaped in cross-section, the cross-
sectional shape comprising one or, respectively, two L-shaped
portions coming into contact by two or, respectively, three
side surfaces (12) with the flat flanges (11) of the chord
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profiles (1, 2; 3, 4).

11. A space frame structure according to Claim 1 or 7, char-
acterized in that the spread angle (2a) between the side sur-
faces (12) of the diagonal profiles (5) is obtained from the
following equation: sin a = 1/J2 * cos B, where the angle (B)
is one-half of the V-apex angle of the chord profiles.

12. A space frame structure according to Claim 1, charac-
terized in that the chord profiles (1, 2; 3, 4) are, at least
in the main, open profiles, and that the diagonal profiles (5)
are at least in the main open profiles, both of the profiles
being manufactured from a sheet or from continuous sheet by
roll forming, and that the upper chord profiles (1, 2) have
been manufactured from a material having a strength different
from that of the lower chord profiles (3, 4), and the diagonal
profiles (5) from a material having a strength different from
that of either the upper chord profiles or the lower chord
profiles, or both.

13. A space frame structure according to Claim 6, charac-
terized in that in each diagonal profile (5) its first con-
tinuous side surface (12a) is located against the surface of
the flat flanges of the first upper chord profiles (1) and
against the surface of the flat flanges of the first lower
chord profiles (3) and its second continuous side surface (12b)
is located against the surface of the flat flanges of the
second upper chord profiles (2) and against the surface of the
flat flanges of the second lower chord profiles (4).

14. A space frame structure according to Claim 1, charac-
terized in that additional nodes (21, 22, 25) are arranged in
the space frame by securing to the flat flanges (11) of the
upper chord profiles (1 or 2) and to the flat flanges (11) of
the lower chord profiles (3 or 4) additional diagonal profiles
(15a, 15b) between them at points which are between or outside
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the nodes formed by the said junction points (6, 7) of the
chord profiles.

15. A space frame structure according to Claim 1, charac-
terized in that the chord profiles (1, 2; 3, 4) and/or the
diagonal profiles (5) are entirely or in part hollow-core pro-
files.

16. A space frame structure according to Claim 1, charac-
terized in that the side surfaces (12) of the diagonal profiles
(5) are secured to the flat flanges (11) of the chord profiles
(1, 2; 3, 4) within the area of the contact surface between
them by using rivets, bolts, welding, gluing, or some other
corresponding fastener or jointing method.

17. A space frame structure according to Claim 1, charac-
terized in that in the frame structure each of the first and/or
second lower chord profiles (3 and/or 4) is formed from at
least two profile elements (23a-c, 24 a-c), the total combined
length (D1+D2+D3) of which is smaller than the length of the
completed frame structure (D4, D5) in the same direction, there
being between the profile elements gaps (17), and that these
gaps (17) are closed or reduced by tightening after the as-
sembling of the space frame structure in order to produce a
cambered frame structure.
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