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New Design Method of Space Structures Using Beam-like Lattice Trusses

Nouvelle conception de structures spatiales, avec des fermes ä treillis de type poutrelle

Ein neuer Typ von Raumtragwerken aus Gitterträgern
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SUMMARY
The paper aims at developing a new design method for steel roof structures of large span by using long
beams formed of three dimensional trusses. The mechanical properties of these trusses are discussed in

terms of experimental results and analyzed by means of continuum theories.

RESUME
L'article presente une nouvelle conception de structures pour des toitures en acier de grandes portees,
utilisant de longues poutrelles constituees de fermes ä treillis tridimensionnels. Les proprietes mecaniques

de ces fermes ä treillis sont exposees au moyen de resultats experimentaux et d'analyses realisdes
avec les theories du continuum.

ZUSAMMENFASSUNG
Der Beitrag beschreibt die Entwicklung einer neuen Dachkonstruktion für grosse Spannweiten durch
die Verwendung von Raumfachwerkträgern. Die Festigkeitseigenschaften der Fachwerkträger werden
anhand experimenteller Ergebnisse diskutiert und mit der Kontinuumstheorie analysiert.
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1. INTRODUCTION

At present, convenient and populär structures for covering the roofs with
large spans are plane lattice trusses or space frames. As a method contraty to
this, we develop a new design method of roof structures using long beams

constituted with three dimensional trusses (beam-like lattice trusses) in one
direction. The abstract model of beam-like lattice trusses are shown in Fig.l.
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Fig. 1 Wide-span structures using beam-like lattice trusses

The design method of roof structures by beam-like lattice trusses has the
following merits.
-Beam-like lattice trusses have higher strength for lateral buckling as a

beam than plane lattice trusses. So they can cover a very large span without
lateral restriction.

-This type of structure is quite simple in dynamics because whole structure
has the form of simple beam. Complicated analysis as for space frames is not
required.

-It is superior in productivity and construetiveness because the structural
elements are clearly separated. It is easy to arrange for irregulär plans
for the same reason.

-This design can be eeconomic and good in shape by arranging the truss
members of the beam effectively.
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Fig. 2 Lateral buckling strength of lattice beams

The relationship of lateral buckling strength and span of these beams under
pure bending are shown in Fig. 2. The lowest curve is that of plane lattice
truss, and curves A, B and C are those of beam-like lattice trusses. As is
evident from Fig.2, these beams are much stronger for lateral buckling in
comparison with plane lattice truss.
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In designing this beam-like lattice trusses, the design method of plane
lattice can be applied in general, but the design of web members is an
exception. In designing web members of plane lattices, only shearing is
considered. But, not only bending but torsion act on these beams when vertical
load works on one side of the beam, or shear load works on the whole
structures by earthquake and wind. Especially, the deflection and the strength
of the beam is affected remarkably by torsional load when the beam becomes
long. So the design of web members considering shearing and torsion is
indispensable in designing beam-like lattices.
In the present paper, for these reasons, we try to comprehend the characters
of beam-like lattice trusses under shearing and torsion, and develop the
effective design method of web members. This study consists of the following
items.
-Design philosophy of the model beams.
-Character of the beams under torsion.
-Character of the beams under shearing and torsion.
-Effective design method of web members.

2. DESIGN PHILOSOPHY OF THE MODEL BEAMS

We set up three type of beams shown in Fig. 3 as definite model to make clear
the effect of web members. The design philosophy of these beams are described
as follows.
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Fig. 3 Models of lattice beams composed of several members

The beam of C-type is the box-section, and has the form of two plane truss
beams laced by level diagonal bars. Though these beams are generally designed
as only two abreast plane beams against torsional load, the level diagonal
bars can be made best use of by stiffening cross-section with cross diagonals
and unite the whole beam.
The beam of B-type is trying to save the members by concentrating the vertical
diagonal bars to the center of each bay, and serving both as a vertical web
members and a stiffening members for cross-section. In addition, it is trying
to raise the shearing strength of the whole beam by shortening the buckling
length of the web members.
As for the beam of A-type, the level diagonal bars are removed from B-type,
and the concentrating diagonal bars resist all directional shearing. The
number of the bars of this type is about 1/3 of those of box-section which has
the same shearing stiffness in all direction.
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3. CHARACTERS OF THE BEAMS UNDER TORSION

3.1 Comprehension by the continuum theory

At first, characters of these model beams under only torsion are discussed.The
torsional characters of these trusses are explained by the continuum theory as
follows. The beams of C-type and B-type correspond to the closed section, and
the axial forces of the diagonal bars resist the torsional moment as shear
flow. On the other hand, the beams of A-type correspond to the open section,
and the torsional rigidity of the whole beam owes to that of each chord
members. From this an idea comes into being that the torsinal rigidity of the
beam can be insored by using the chord members which have high rigidity in
themselves. From this, the design using steel tubes for chord member will be
effective in this type. Because of the difference of axial force distribution,
the collapse form of closed section under torsion is expected to be different
from that of open section, too. The beams of closed section, as for C-type and
B-type, are expected to collapse with rupture or buckling of the diagonal
bars. The beams of open section, on the other hand, are expected to break with
torsional failure of the chord members, or with bending failure of the web
members. The torsional strength of these beams are obtained from the continuum
theories.

3.2 Model experiments
We carried out model experiments under torsion on three kinds of the beams of
type A, B, C The speeimens eonsist of the following factors.
All speeimens eonsist of three bays of the beams.
The speeimens are fixed at on side with no warping, and torsional moment are
caused to act on the other side with the condition free to warp.
All speeiments are made up with steel tubes. Chord members are straight and
diagonal bars are connected with chord members with welded Joint.
The view of the experiment is shown in Fig. 4.
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Fig. 4 Set-up of model experiment under torsion

Besides this experiment, the stress distribution and the deflection of these
beams under torsion are analized with the finite element method (F.E.M.). The
characters of these beams under torsion made clear by the continuum theory,
the experiments, and the F.E.M. analysis are discussed as described later. The

relationship of load-deflection given by this experiment and the continuum
theory are shown in Fig. 5. In them, loads, torsional moment, are given by the
product of the breadth and the shear strength of the beam, and deflections,
angle of torsion, are given by the breadth. The beam of C-type and B-type
broke with the rupture of the diagonal bars shown with the mark "v" in the
figures. Contrary to this, the beam of A-type collapsed with bending yield of
the battens and has conspicuously different load-deflection curve from that of
B-type which is the beam added diagonal bars on upside and downside to A-type.
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The distributions of axial forces of the members of these beams under the unit
torsional moment given by the experiment, the F.E.M. analysis, and the
continuum theory are shown in Fig. 6. They give the relationships of axial
force of the diagonal members and the distance from the fixed end of the beam.
As is evident from this figure, the beams of C-type and B-type, the closed
sections, resist the torsional moment with axial froces of the diagonal bars
and contrary to this, little axial forces generated on A-type, the open
section.
From the results described above, it became evident that the stress
distribution and the form of collapse of beam-like trusses under torsion is
conpicuously different between the closed section and the open section, and
these characters are explained exactly by the continuum theory.
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4. CHARACTERS OF THE BEAMS UNDER SHEARING AND TORSION

4.1 Comprehension by the continuum theory
In this section, we discuss the characters of beam-like lattice trusses under
shearing in addition to torsion. This problem is typified by that of the beam
under eccentric load, as in Fig. 7.
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Fig. 7 Lattice beam

under eccentric load
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Fig. 8 Failure criteria of lattice beams

We selected the beam of C-type and A-type as speeimens, which are typical as
closed section and open section respectively. The failure criteria of C-type
and A-type are shown in Fig. 8. Qx, Qy, Mz mean respectively shearing loads
with respect to strong axis, shearing loads with respect to weak axis, and
torsional moment, and each axis is given by the shearing strength with respect
to the strong axis without eccentricity. This figure means that the beams
collapse when the condition of loads reach these surfices. As for C-type, the
closed section, the strength under shearing loads and that of torsional moment
interacts each other because the torsional moment produces axial forces on
diagonal bars which resist the shearing loads. Contrary to this, as for A-type,
the open section, the strength under these loads are indepent because no axial
forces are produced in the diagonal bars by torsional moment.
The path of loads condition under eccentnic bending load are shown in the
figures.

4.2 Model experiments
We carried out model experiments under torsion and bending on two kinds of the
beams, A-type and C-type. The speeimens eonsist of the following factors.
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Fig. 9 Set-up of model experiment under torsion and bending
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-All speeimens eonsist of six bays of the beams. Their construction are equal
to those of the experiments of torsion, described in 2.2.

-The speeimens are simple-supported and eccentric loads are applied on the
center of these beams. The load points are free to move horizontally
according to the revolution of the section of the beams.

The view of the experiment is shown in Fig. 9.
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Fig. 10 Axial forces on diagonal members
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Fig- 11 Concentrated load v.s. rotation of central section relationship

The stress distributions of the diagonal bars of theses beams under the unit
eccentric load obtained by the experiment, the F.E.M. analysis, and the
continuum theory are shown in Fig. 10. The figure shows axial forces of the
diagonal bars and bending moments of the battens, severally at the center and
the section at intervals of two bays from the center. What is evident from
these figures is that the reaction against bending and torsion are devided
severally by the diagonal bars and the battens in the open A-type, contrary
with the closed section C-type, in which both bending and torsion are born by
the diagonal bars.
The relationships of load-rotation of central section obtained by this
experiment and the continuum theory are partially shown in Fig. 11. In them,
loads are given by the shearing strength of the beam with no eccentricity. The
beam of C-type broke with the buckling of the diagonal bars and the load falls
rapidly. Contrary to this, A-type under the same condition broke with the
bearing yield of the battens and had superior deformation capacity, which is
important in the earthquake and wind resistant design. Adding to this, A-type
has the strength almost equal to C-type under bending and torsion though it is
inferior under torsion only. These characters are because of the wide
distribution of the stresses, and they can be considered as common characters
to the open section. The final view of the experiment is shown in Photo. 1.
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Photo. 1 Final view of speeimen

5. EFFECTIVE DESIGN OF THE BEAM

Special merits of the steel roof structures by beam-like lattice trusses and
the mechanical properties of these beams are discussed. By using these
results, effective design for large span can be developed. For example the
beam of A-type, set up in this study, is proved to have excellent characters
as follows.
-Diagonal bars concentrating to the center of each bays resist all
directional shearing, and number of the diagonal bars of this type is saved
to about 1/3 of those of box-section which has the same shearing stiffness
in all direction.

-This type of beam has a good appearance because of the radial bars in its
each bays.

-The torsional rigidity of whole beam is insored by using steel tubes for
chord members.

-Because of the wide distribution of the stresses, the strength of this type
under shearing and torsion is not inferior to that of box-section inspite of
saving members.

-A beam of this type has superior deformation capacity when it collapses with
bending yield of battens. This cahracter is important in the earthquake and
wind resistant design.

-For the case where high torsinal rigidity should be needed, this type can
easily cope with the Situation by adding diagonal bars on its upside and
downside and changing it into B-type.
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