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My invention relates to improvements in roof
structures and more particularly to roof struc-
tures comprising spatial beant grids. ’

The main object of my invention is to provide
a roof structure being adapted to cover large floor
areas, while being supported at a few points only.

It is a further object of my invention to provide
a rectangular roof structure comprising a spatial
beamm grid, being adapted to cover a large floor
area, although being supported-only at the four
corners of the roof structure.

Another object of my invention consists in pro-
viding a spatial beam grid construction being
adapted for such roof structures.

Still another object of my invention consists
in providing stiffening means for the beam grid
supporting the roof, thus reducing the bending
moments in these grid beams.

"In order to attain the above objects, I propose,
in accordance with my present invention, to use
for eovering large floor areas a rectangular roof
structure comprising a spatial beam grid formed
by two groups of parallel beams being arranged
within rectangular roof edges; each of the beams
of the grid should be diagonal to one of these
roof edges, should be continuous between these
roof edges, and should be cranked at ifs inter-
section point with one of the hips or the-ridge
of the roof; furthermore, the beams of one of
these beam groups should be arranged intersect-
ing the beams of the other beam group, and
means should be provided for securing these-in-
tersecting beams at their intersecting points to
each other. ‘

In accordance with a preferred embodiment of
my present invention, this roof structure com-
prises also rectangularly disposed edge beams,
supporting and supplementing the above beam
erid structure; in this case the beams of one
beam group are arranged parallelly to one of the
roof hips and the beams of the other beam group
to another of these, causing thereby the beams
of one heam group to intersect the beams of the
other beam group; also-in this case means are
provided for securing said intersecting grid beams
at their intersecting points to each other. Roof
structures of this type can be supported by means
of columns arranged at the grid corners only.

I have found that the beams of beam grids
of this type are subject to bending moments in
addition to axial forces and my experience has
shown that the resulting distribution of stresses
within such roof structures is rather heteroge-
nous, inasmuch as some parts are highly stressed,
while others remain comparatively unstressed.

. In order to avoid these disadvantages, I propose
the use of stiffening means adapted to avoid these
bending forces by equalizing them over the whole
structure. Stiffening means. for this purpose
should be preferably arranged horizontally, inter-
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connecting points of the grid:-beams: lymg at the
same horizontal level.

I found it of advantage: to.arrange the beams

of one beam group:as intersecting the beams of
the other beami group in such:a manner that a
part of-the intersecting points come: to lie at the
same horizontal level, and te arrange the afore-
said:horizontal stiffening means. interconnecting
these intersecting: points at the same hor1zontal
level. -
In accordance with a-preferred embodiment of
these combined grid and stiffening means, I ar-
range the grid- in such a way that groups of
intersecting points come to lie'at the same hori-
zontal level; I furthermore provide means con-
necting’ these intersecting beams at 'these inter-
secting: points. to' each other, forming- thereby
groups of grid nodes l¥ing at the same horizontal
level; then T arrange:a series of rectangular hori-
zontal stiffening” means adapted to carry axial
forces: at the level of each of these node groups
in such'a way that they:surround the entire beam
grid and interconnect the grid nodes of the same
horizontal level.

Further characteristic features of my new roof
structure and the stifféning means for this struc-
ture, and advantages of the improvements pro-
posed by me, will appear from the following de-
scription- and’ the accompanying drawing, illus-
trating ‘several embodxments of my mventlon

In the drawmg :

Figs. 1 to’ 3 ‘show different roof structures in
accordance with my invention;

: Pig. 4 shows & cross section of the roof struec-
ture along line 4—4§ of PFig. 1;

Fig. 5 showsa cress sectlon of the roof structure
along line 5—5of ‘Pig: 2;

Fig, 6 shows a detall ~of the roof structure shown
in Figs. 2 and’5; :

Fig. 7 shows a- roof structure Wlth ‘“broken”
grid beams, in ‘cross section;

Fig. 8 showsa roof structure with a stlffenmg
roof shell;

Figs: 9-and 10 show different embodiments of

‘grids used in connection with the roof structure

shown in Fig. 8, in cross section, and

Fig. 11 shows a perspective view of another em-
bodiment of the roof structure shown in Fig. 8.

In' accordance with my present invention the
roof consists of two pairs of oppositely disposed
roof ‘planes I, 3, and 2, 4, respectively, intersect-
ing each other and forming thereby a roof ridge
5, and two pairs of roof hips 6 and T, and.8 and
9 respectively. “This Toof structure comprlses
rectangularly -disposed” edge beams 6, and a
beam grid formed. by two groups of beams, Il and
12 respectively; as shown in the drawing, each
of the grid beams Il and 12 is continuous be-
tween the edge beams (0, and is ¢rahked at its
intersection” point with one of the roof hips 6, 1,
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8 and 9, or the roof ridge 5. The beams {1 of
one beam group are arranged parallel to hips 6
and 9, and the beams (2 of the other beam group
are arranged parallel to the hips T and 8, causin_g
thereby the beams {1 of one beam group to in-

tersect the beams (2 of the other beam group at. .
their interesecting points 13. At these points

ing beams ! and 12 to each other formlng there-
by rigid grid nodes.

Of course, beams 1! and 12’are r1g1dly secured
to the edge beams 18 also, forming thereby rigid
edge nodes 14; they are also secured to the ridge
beam § at the points at which they intersect this
beam, forming thereby ridge nodes 5.

It 'is evident that also the hips and the ridge
of the roof structure are formed by grid beams,
being thus a part of the grid itself.

‘Four  columns . I8 in the corners of the roof
structure would be sufficient to support the whole
roof structure, but further columns 1T may be
provided for under any of the edge nodes (4, or
even columns I8 may be arranged between the
edge nodes, supporting thus the edge beamg 10
themselves.

In order to avoid bending moments and bend-
ing forces in the grids Il and 12 of the roof grid,
I provide horizontal stiffening means 18, adapted
to carry axial forces; as shown in the drawing
these stiffening means are rectangular, surround
the entire beam grid, and interconnect the inner
grid nodes {3, lying at the same horizontal level.

In Figs. 1 to 3 different embodiments of my
new roof structure are shown: Fig. 1 shows a roof

structure with narrowly spaced beam grids, -

necessitating thereby the arrangement of two
stiffening bands 18, interconnecting groups: of
inner nodes lying at the same horizontal level;
Fig. 2 shows a roof structure with widely spaced
grid beams and one stiffening band 20. Fig. 3
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the roof be shaped in such a way that all edge
nodes are lying in the same horizontal plane,
that the connecting line between these edge nodes
forms a rectangle, and that the roof has such
a shape that it is possible to connect rectangular
stiffening means to the beams forming the roof

“grid.
means are provided for securing these intersect- ..~ _

In Fig. 8 a roof structure is shown in which
the horizontal stiffening rafters or cords are re-

placed by a roof shell 28, covering the grids; this

roof shell must be adapted to carry stresses being

- parallel to the roof edges, i. e. to the edge beams
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shows the arrangement of a series of stiffening

bands 21 spaced more closely, and interconnect-
ing -points of these beams lying at the same
horizontal level. Each of these constructions is
adapted to reduce bending moments in the grid
beams by carrying large parts of the load through
axial forces over the whole structure of the roof.

As stiffening means different structures may be
used: thus I may provide rings of purlins or
rafters at various horizontal levels and  utilize
their boftom flanges to carrying axial forces; as
shown in Fig. 4 the bottom flanges of these rafters
22 may be secured to the top flanges 23 of the
grid beams by welding, riveting or the like. I

may also provide as stiffening means cords 24, -;

substituting purlins cr rafters, secured to the top
flanges 23 and bottom flanges 25 of the beams 11
and 12, respectively. As shown in Fig. 6, these
cords 24 are secured by welding 28 to the top
flanges 23 and bottom flanges 25 of the grid
beam 11. The cords 24 are horizontal, and the
beams 11 are diagonal to the direction of these
cords.

Fig. 7 ShOWb a monolithic relnforced concrete
construction. in which the stiffening slabs 27 are
placed flush with the top of the grid beams I
and 12, respectively; the grid is covered by the
concrete roof cover 3%; this fisure furthermore
shows that it is possible also to use “broken” grid
heams; I want to stress that it is possible to give
the roof practically any desired shape within its
rectangular-boundaries: thus, for instance, it can
be folded, or “broken” once or more, it can be
arc-shaped or the like. From the point of view
of my present invention it is only essential that
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10 forming the roof edges; furthermore, this roof
shell must be secured to substantially each of the
beam grids 11 and 12, in order to avoid unwanted
bending moments in these beams,

As shown in Fig. 9 the roof shell 28 can be
secured to the longitudinal edges 30 of the T-
shaped grid beams -31 by welding 29, forming
thereby s1mu1taneously the upper flange of these
beams.

It is also possible to provide a roof shell con-
sisting of parallelogram-shaped roof shell por-
tions, corresponding to the roof portions lying
between the grid beams; in this case I prefer
to connect these shell portions as shown in Fig.
10, i. e., to bend the edges of the shell portions
32 in the shape of half beams 33 and to connect
these bent, beam-shaped, edges of the shell por-
tions, e. g. by rivets 34, to each other. As these
beam-shaped shell edges serve as grid beams,
this construction eliminates the necessity of spe-
cial grid beams for the roof structure.

As shown in Fig. 11, I may provide as stiffen-
ing means also a roof shell made of corrugated
metal sheet material 35; this roof shell has to be
arranged in such a manner that its corrugations
36 are parallel to the roof edges, being thereby
adapted to carry stresses in this direction. It
is preferable to secure a great part or all of the
corrugations 37, contacting the grid beams (|,
to these beams. This roof shell 35 should be
preferably covered by a roof cover 38.

- It will be understood that each of the elements
of my new roof structure, my new spatial beam
grid, and the new stiffening means thereto, or
two or more of these elements together, may
also find a useful application in other types of
building structures deferring from the types de-
scribed above.

It will furthermore be understood that I do
not intend to be limited to the exact shape of

the roof structures proposed by me, since various

modifications' and changes in shape, size and
relative dimensions may -be made without de-~
parting in- any way from the spirit of my in-
vention.

Without further analysis the foregoing will so
fully reveal ‘the gist of my invention that others
can by applying current knowledge readily adapt
it for various applications without omitting fea-
tures, that, from the standpoint of the prior art
fairly constitute essential characteristics of the
generic or specific aspects of my invention, and
therefore such adaptations should and are in-
tended to be comprehended within the meaning
and range of equivalency of the following claims.

‘What I claim as new and desire to secure by
Letters.Patent is: )

1. Rectangular roof structure consisting of two
pairs of oppositely disposed roof -planes inter-
secting each other and forming thereby sloping
roof hips and a roof ridge, said roof structure
comprising ‘a spatial beam grid formed by two
groups of parallel’ beams and heing arranged
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'come to lie at the saime horizontal level, and a
‘series of horizontal st1ffen1ng means arranged at

within rectangular roof edges, each of said
beams being diagorial to one of said roof edges
being continuous between said roof edges, and
being cranked at its intersection point with one
of said roof hlps or said roof ridge, the beams
of one beam group belng arranged 1ntersect1ng
the beams of the other beam group, and niéans
securing sald intersecting beams at said ihter-
secting pomts to each otheér.

2. Rectangular roof structure consisting of two
pairs of oppositely disposed roof planes ititer-
secting each other and forming thereby & roof
ridge and two pairs of roof hips meéetihg at the
ends of said roof ridge, said roof structure corn-
prising rectangularly drsposed edge beams, a
peam grid formed by two groups of beams and
being supported by said edge beams, each of said
grid beams being continuous between the edge
beams supporting it and being cranked at its in
tersection point with oné of said roof hips or said
roof ridge, the beams of one beam group being
arranged parallel to one of said meeting roof
hips and the beams of the other beam group
being arranged parallel to the other of said
meeting roof hips, causing theréby the beams
of one beam group to intersect the beams of the
other beam group, and means securing said in-
tersecting grid beams at s52id intersecting pomts
to each other.

3. Rectangular roof structire con51st1ng of two
pairs of oppositely disposed roof planes inter-
secting each other and forming théréby a roof
‘ridge and two pairs of roof hips meeting at the
ends of said roof ridge, said roof structure com-
prising rectangularly disposed edge beanis, a
beam grid formed by two groups of beams and
being supported by said edge beams, each of said
grid beams being contintious between the edge
beams supporting it and being cranked at its in-
tersection point with one of $aid roof hips or
said roof ridge, the beams of one beam group be-
ing arranged parallel to onie of said meeting roof
‘hips and thé beams of the other beam group
being arranged parallel fo the other of said
meeting roof hips, causing thereby thie beams of
one beam group to intersect the beams of the
other beam group, means securing said inter-
secting grid beams at said mtersectmg pomts to
each other, and supporting means supportmg
said rectangularly arranged edge beams at the
‘grid corners only.

4. Rectangular roof structure consmtmg of two
pairs of ‘oppositely disposed roof planes inter-
secting each other and forming thereby slopmg
roof ‘hips and a roof ridge, said roof structure
comprising ‘within rectdngular roof edges a spa-
tial beam grid formed by two groups of beams
being .diagonally arrangéd to one of said roof
edges, the beams of one beam group béing ar-
vanged intersecting the beatns of the other beam
group in such a manner that a part of the inter-
secting points come to lie at theé same horizontal
level, and horizontal stiffening medns intercon-
necting said intersecting points at the same
horizontal level.

5. Rectangular rodf structure con51stmg of two
pairs of ¢ppositely d1sposed roof planes intersect-
ing each other and forming thereby sloping roof
hips and a roof ridge, said roof structure com=
prising within rectangular roof edges a spatial
beam grid formed by two groups of beams being
diagconally arranged to one of said roof edges,
the beams of one beam group being arranged in-
tersecting the beams of the other beam group in
such a manner that groups of intersecting points
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the levels of said groups of intersecting points,
each of said stlffemng means surrounding the
entire beam grid and interconnecting intersect~
ing points of the same horizontal level.

6. Rectangular  roof structure consisting of
two pairs of opposﬂ:ely disposed roof planes in-
tersecting each other and forming thereby slop-
ing roof hips 4nd a roof ridge, said roof structure
compnsxng within rectangular roof edges a spa-
tial beam grid formed by two groups of beams
being diagonally arranged to one of said roof
edges, the beams of one beam group being ar-
ranged intersecting the beams of the other beam

‘group in such g manner that groups of intersect-

ing points come to lie at the same horizontal
level, ineans connecting at these intersecting
points said intersecting beams to edch other,

forming thereby groups of grid nodes lying at

the same horizontal level, and a series of rectan-
gular horizontal stiffening means adapted to
carry axial forces and being arranged at the level
of said groups of grid nodes, each of said stiffen-
ing means surrounding the entire beam grid and
interconnecting grid nodes of the same horizon-
tal level.

7. Rectangular roof structure consisting of two

‘pairs of oppositely disposed roof planes inter-

secting each other and forming thereby a roof
ridge and two pairs of roof hips meeting at the
ends of said roof ridge, said roof structure com-
prising rectangularly disposed edge beams, a
beam grid formed by two groups of beams and
being supported by said edge beams, each of said
grid beams being continuous between the edge
beams supporting it and beitig cranked at its in-
tersection point with one of said roof hips or
said roof ridge, the beanis of one beam group be-

ing arranged parallel to one cf said meeting roof

hips and the beams of the other beam group
being arranged parallel to the other of said meet-
ing roof hips, thus causing the beéams of one

‘beam group to intersect the beams of the other
beam group in at least one group of intersecting

points lying at the same horizontal level, means
securing said intersecting grid beams at said in-

‘tersecting points to each other, and at least one

horizontal stiffening means arranged at the level
of each group of intersecting points, said stiffen-
ing means surrounding the entire beam grid and
interconnecting intersecting points of the same
horizontal level.

8. Rectangular roof structure consisting of
two pairs of cppositely disposed roof planes inter-
secting each other and forming thereby a roof
ridge and two pairs of roof hips meeting at the
ends of said roof ridge, said roof structure com-
prising rectangularly disposed edge beams, a
beam grid formed by two groups of beams and
being supported by said edge beams, each of said
grid beams being centintous between the edge
beams supporting it and being cranked at its in-
tersection point with one of said roof hips or said
roof ridge, the beams of one beam group heing
arranged parallel to one of said meetihg roof
hips and the beams of the other beam group
being arranged parallel to the other of said meet-
ing roof hips, causing thereby the beams of one
beam group to intersect the beams of the other
beam ‘group, means’ securing said intersecting
grid beams at said intersecting points to each
other, forming thereby at least one group of
grid nodes lying at the same horizontal level, at
least one rectangular horizontal stiffening means
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adapted to carry -axial forces, said. stiffening
means surrounding the entire keam grid and in-
.~ terconnecting grid nodes lying at the same hori-
zontal level, and supporting means adapted to

support said rectangularly arranged edge beams
 at the grid corners only. v

9. Rectangular roof structure consisting of two
pairs of oppositely disposed roof planes intersect-
ing each other and forming thereby sloping roof
hips and a roof ridge, said roof structure com-
prising within rectangular roof edges a spatial
beam grid formed by two groups of beams being
diagonally arranged to one of said roof edges,
the beams of one beam group being arranged in-
tersecting the beams of the other beam group in
such a manner that groups of intersecting points
come to lie at the same horizontal level, means
connecting at these intersecting points said in-
tersacting beams to each other, forming thereby
grcups of grid nodes lying at the same horizontal
level, at least one horizontal rectangular stiffen-
ing means, said stiffening means consisting of a
band of rafters, adapted to carry axial forces,
said rafter band surrounding the entire beam
grid and interconnecting the grid nodes lying at
the same horizontal level, and means securing
each of said rafters to said grid nodes.

10. In a roof structure according to claim 9,
stiffening means, said stiffening means consisting
of a horizontal rectangular band of rafters

adapted to carry axial forces, said rafter band .

surrounding the entire beam grid and intercon-
necting grid nodes lying at the same horizontal
level, and means securing at said grid nodes each
of said rafters to the top flanges of the grid
beams.

il. In a roof structure, according to claim 4,
a horizontal rectangular stiffening means con-
sisting of cords adapted to carry axial forces
only, said cords surrounding the entire beam
grid and interconnecting grid nodes lying at the
same horizontal level, and means securing said
cords to said grid nodes.

12. In a roof structure, according to claim 4,
2 horizontal rectangular stiffening means, con-
sisting of cords adapted to carry axial forces
only, said cords surrounding the entire beam
grid and interconnecting grid nodes lying at the
same horizontal level, and means securing said
cords at said grid nodes to the top and bottom
flanges of said grid beams.

13. In a roof structure according to claim 4, a
horizontal rectangular stiffening means cons1st-
ing of stiffening members, adapted to carry hori-
zontal forces and being placed flush with the

grid beams to be connected said, stlffemng mem- -

bers surrounding the entire beam grid and in-
terconnecting grid nodes lying at the same hor1—
zontal level; and meéans securmg each of saxd
stiffening members to said grid beams.

14. Rectangular’ roof" structure consisting " of
two pairs-of oppositely dlsposed ‘roof’ planes in-
tersecting each’ other ‘and forming thereby slop-
ing roof hips and a toof ridge, Said roof struc-
ture consisting ofaspatial beam’ grid formed
by two groups of beams and being arranged with-
in rectangularly disposed roof  edges, each of
said beams being diagonal ‘to one of ‘said Toof
edges, being continuous between said roof edges,
and being cranked at its intersection ‘point with
one of said “roof-‘hips ‘or said roof ridge, the
beams of one beam-group being arranged inter-
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secting the beams of the other beam group, and
at least one horizontal rectangular - stiffening
means surrcunding ‘said beam grid, and being
adapted fto. carry axial forces, said horizontal
stiffening means interconnecting points of said
beams lying at the same horizontal level, and
securing means fixing said. stiffening means to
substantially each grid beam, thus avoiding by
arrangement of said stiffening means unwanted
bending moments in'said grid beams.

15. In a roof structure according to claim 2,
a seéries of horizontal rectangular stiffening
means, each of said stiffening means surround-
ing said beam grid and being adapted to carry
axial forces, said horizontal stiffening means be-
ing arranged at and between the intersecting
points of said grid beams in stich a manner as to
interconnect points of .said grid beams lying at
the same horizontal level, and securing means
fixing each of said stiffening means to substan-
tially each of said grid beams, avoiding thus by
arrangement of said stiffening means unwanted
bending moments in said grid beams.

16. In combination with a roof structure ac-
cording to claim 1, a roof shell covering said
beam grid, and being adapted to carry stresses
being parallel to said roof edges, said roof shell
being secured to substantially each of said grid
beams, in order to avoid unwanted bending mo-
ments in these beams.

17. In combination with a roof structure ac-
cording to claim 1, a roof shell consisting of cor-
rugated metal sheet material, said roof shell cov-
ering said beam grid in such a manner that its
corrugations are parallel to the roof edges, and
means securing at least a great part of the cor-
rugations, contacting the grid beams, to these
beams, avoiding thereby unwanted bending mo-
ments in these beams.

18.’In a roof structure a beam grid according
to claim 1, said beam grid consisting of T-shaped
beams, a roof shell covering said beam grid, said
roof shell being' adapted to carry stresses being
parallel to said roof edges, said T-shaped beams
being arranged in such a manner as to contact
the shell along one longitudinal edge, and means
securing said T-shaped beams along. said con-
tacting edges to said roof shell.

18. In a roof structure accordmg to. clalm 1,
a roof shell having the shape of said roof planes,
said roof shell being adapted to carry stresses
being parallel to said roof edges, said roof shell
consisting .of - parallelogram -shaped . roof shell
portions, correspondmg o 'the roof portions lying
between the grid beams, the edges of said roof
shell portmns being bent'in shape of beams and

connected to_each, other, serving thus as beams

for the grid of the roof, .

20. In .a roof structure accordmg to clalm 1
a roof shell havmg the shape of said roof planes
said roof shell. consmtmg of corrugated metal
sheet . materral and being arranged 4n such a
manner that lts corrugatmns are parallel to the
roof edges said roof shell con51st1ng of parallelo-
gram-shaped roof shell portions correspondmg
to . the roof portions lying between the grid
beams the edges of said roof shell portions be-
ing bent. in shape of beams and _connected to
each other servmg thus as. beams for. the gr1d
of the roof,

' STEVEN SZEGO.



