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Abstract

The paper refers to a method of statical calculation and to the forms of structural systems developed as
results of an appropriate application of the principle of superposition. The point of the two-stage method
of calculation of the statically indeterminate trusses is to do a suitable reduction of scheme of a given
truss in order to obtain the scheme of a statically determinate truss together with a double application of
simple methods used for these purposes and then application of superposition of obtained values of forces
in appropriate members of the truss. Discussed also, are the procedures of shaping of selected forms of
structural systems where the principle of superposition has been applied. It will be shown on suitable
examples of the forms of a lenticular girder and of a system of combined foundation and a high-rise building.
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Streszczenie

Przedmiotem artykutu jest metoda obliczen statycznych oraz formy systemow konstrukcyjnych opracowa-
ne w wyniku odpowiedniego zastosowania zasady superpozycji. Dwuetapowa metoda obliczen kratownic
statycznie niewyznaczalnych polega na odpowiednim zredukowaniu schematu danej kratownicy do uktadu
kratownicy statycznie wyznaczalnej i dwukrotnym zastosowaniu prostych metod obliczen uzywanych do
tych celow, a nastgpnie superpozycji otrzymanych warto$ci sit w stosownych pretach. Omowiono takze
procesy ksztaltowania wybranych postaci systemow konstrukcyjnych, gdzie zastosowano zasad¢ superpo-
zycji. Jest to przedstawione na przyktadach odpowiednich form dzwigara soczewkowego oraz zespolonego
systemu fundamentu i budynku wysokiego.

Stowa kluczowe: metoda obliczen statycznych, system konstrukcyjny, projektowanie
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1. Two-stage method of calculation of statically indeterminate trusses

The principle of superposition is constantly applied in numerous types of mathematic
operations. Its suitable application constitutes the base of the two-stage method of the
statically indeterminate trusses [1]. Procedure of an exact determination of the force values
in this type of statical systems requires application of the appropriate calculation methods,
which are taking into account differences of stiffness of members creating these structures.
The aim of the proposed method is to make possible the initial and easy calculation of such
type of trusses by means of the simplest possible way of the approximate determination
of forces acting on their members. The method was worked out during the initial calculations
of a statically indeterminate truss, which was a simplified scheme of a vertical cross-section
of a certain group of the statically indeterminate spatial tension-strut structures [2] composed
of cross-braces made as struts and tension members creating their external layers and vertical
members. Structures built in this way have to be suitably pre-stressed, but if they will be
overloaded by appropriately applied forces then the pre-stress effect disappears, results, that
usually members of the upper layer are excluded from process of the force transmission.
In this case it becomes a statically determinate truss and for want of the calculation of forces,
one can apply the Cremona’s, Ritter’s or other suitable method [3—6]. A scheme of a simple
procedure of the proposed method is presented in I11. 1.
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I1I. 1. Schemes of exemplary shapes of trusses calculated in successive stages of the proposed method

An exemplary shape of the basic flat statically indeterminate truss is loaded by forces P
applied to nodes on the upper chord. Singular members of the external chords and the vertical
posts are 1.00 meter in length. In the first stage of this method one should remove a number
of e.g., the upper members, which equals the degree of statically indetermination of the basic
truss and to apply to the same nodes the load of half the value of forces (P/2) than applied
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previously. In the second stage, one should reduce exactly the same number of members,
but this time e.g. from the lower chord, due to which like in the first stage, it becomes the
statically determinate truss and has to be loaded by forces of value P/2 applied to the above
mentioned nodes. In each stage the truss has the same clear span like the basic truss and
the necessity of application of the twice smaller values of forces resulting follows from the
general conditions of static equilibrium of the coplanar force system. Force values calculated
in this way have to be summed up by means of appropriate application of the basic rules of
superposition. The total values of forces acting in cross-braces are obtained by the sum of the
values calculated in each stage for each particular member, see Ill. 2. The force values acting
in members of the lower chord are determined in the first stage, while the sizes of forces
acting on members of the upper chord are calculated in the second stage of the proposed
method. Because the methods assigned to the calculation of the statically determinate systems
are used in both stages, that is why the two-stage method gives as a result, the approximate
values of forces. The method does not take into consideration the various stiffness of the
members joined to the nodes in the way of force distribution. In spite of this circumstance,
the differences between values of forces obtained in this method and force values calculated
by application of suitable computer software are relatively little for the trusses built by means
of members having not a greatly differentiated range of lengths. Due to this feature, the
proposed two-stage method can be applied to the preliminary processes of the design of this
type of structure. After taking into account the suitable numerical procedures together with
the application of appropriate co-factors, this method can be applied to obtain very exact
results from the statical calculations [2, 7].

10kN 10kN 10 kN 1,0kN 10kN
- 2,00 -300 -300 -200

R 25kN [kN] R525kN

I11. 2. Values of forces acting on members of an exemplary truss calculated
by means of the two-stage method

2. Shaping of new types of lenticular girder

A group of new forms of the lenticular girder, as the plane and also spatial structural
systems, has been shaped as result of the aim to design an assortment of simple, economic and
easy to assemble structural systems of roof covers [8]. They should be built of compression
members having a relatively small buckling length and of relatively long tension members.
Moreover the new shape of such a girder, should be composed of typical members connected
together in nodes having the simplest possible shape and to create structures, which can
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take the load forces applied to them at optional directions on their main planes. The inspiration
in the process of their design were trajectories of the main stresses in a free-end beam, see
I11. 3a. Schemes of examples of flat forms of such girders are presented in Ills 3b-d. Red lines
indicate positions of the compression members while the arrangement of tension members is
indicated by blue lines. Girders built in this way have to be pre-stressed, which can be done
by means of e.g., suitable shortening of selected tension members [9, 10].
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I11. 3. Scheme of main vertical cross-section of a building designed by means
of combined form of structural system

The structural concept described above has been adapted in the process of designing
the spatial forms of the lenticular girders the selected shapes of which are shown in Ill. 3e
and in Ill. 3f. These modules can be suitably connected together and can create double- or
multi-layer bearing structures of the roof covers, particularly of large spans whose covers can
be spaced over almost any optional shape of the base projection and can also take optional
geometrical forms.

3. Shaping of the combined structural system of a foundation and of a building

The structure of a foundation, having transmitting loads from the building to the subsoil,
has to be characterized by appropriate reliability and by a suitable set of technical conditions
ensuring the safe foundation of the whole building on the ground having previously defined
the parameters determining its load carrying ability. The proposed system of the combined
foundation has been worked out mainly for objects located on the subsoil of small load
capacity and in earthquake areas [10—14]. During the process of its design the principle of
superposition was also applied [15] demonstrating an arrangement of component parts in the
space of this system, as presented in a visual way in Ills 4a-d. In the narrow space between
concrete elements (1) an upper set of the intermediate members, Ill. 4b, is supplemented
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I11. 4. Simplified schemes of structural system of the combined foundation and of the tall building

by means of the lower set of the intermediate members, Ill. 4c, which in both sets are
symmetrically located towards the neutral axis of the concrete elements (1) creating in this
way an integral system, Ill. 4d. The main nodes are joined to the matter of the concrete
elements (1) in a theoretically articulated way, except for the nodes of type C, see I1l. 4e. The
foundation endings (K), shaped in an appropriate way, are used as additional stabilization
of these zones of the whole foundation structure. When in the aboveground structure of the
storeys a bracing system shaped on the pattern of an appropriate form of the lenticular girder
is applied, see Ill. 4e and moreover be supported on the proposed type of foundation, then the
whole structure is referred to as the combined structural system of a tall building [16, 17].

4. Closing remarks and conclusions

Suitable application of the superposition’s principle makes possible an invention
of however approximate, but simple and very efficient method of calculating statically
indeterminate systems. Moreover by skilful application of this principle it is possible to
design very economical and safe types of structural systems assigned for objects of large
formal variation and of different functional purposes.

References

[1] Rebielak J., Dwuetapowa metoda obliczania kratownic statycznie niewyznaczalnych,
TH Delft, Afdeling der Bouwkunde, Vakgroep 4, Project nr 4.1.2.1, March, 1985.



76
(2]

(3]
(4]

(3]

(6]
(7]

(8]
[9]

[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]

Rebielak J., Beranek W.J., Hobbelman G.J., Wielowarstwowe struktury przestrzenne.
Zagadnienia statyczne i geometryczne, TH Delft, Afdeling der Bouwkunde, Vakgroep
4, UII - 396, September 1985, Raport Instytutu Architektury i Urbanistyki Politechniki
Wroctawskiej, Nr [-1/P-332/1985.

Kolendowicz T., Mechanika budowli dla architektow, Arkady, Warszawa 1993.

Allen E., Zalewski W. and Boston Structures Group, Form and Forces. Designing
efficient, expressive structures, John Wiley & Sons, Inc., Hoboken, New Jersey 2010.
Pyrak S., Szulborski K., Mechanika konstrukcji dla architektow. Przykiady obliczen,
Arkady, Warszawa 1994.

Przewtocki J., Gorski J., Podstawy mechaniki budowli, Arkady, Warszawa 2006.
Rebielak J., Metoda obliczania kratownic statycznie niewyznaczalnych w dwoch eta-
pach, XVII Migdzynarodowa Szkota Komputerowego Wspomagania Projektowania,
Wytwarzania i Eksploatacji, Wojskowa Akademia Techniczna, Warszawa—Szczyrk,
2013, tom 2, 281-287.

Rebielak J., Dzwigar soczewkowy, Zgtoszenie patentowe, Urzad Patentowy Rzeczypo-
spolitej Polskiej, nr P-385991, 2008.

Rebielak J., Lenticular girder — structural shape and proposals for applications,
Evolution and trends in design, analysis and construction of shell and spatial structures,
50™ Anniversary Symposium of the International Association for Shell and Spatial
Structures (IASS), Valencia 2009, 256-257.

Rebielak J., Koncepcje pretowo-ciegnowych systemow przekry¢ dachowych, Inzynieria
1 Budownictwo, nr 1, 2011, 3-8.

Rebielak J., Systemowy fundament zespolony, zgtoszenie patentowe, Urzad Patentowy
Rzeczypospolitej Polskiej, nr P.394745, 2011.

Rebielak J., Combined form of structural system proposed for tall buildings, Taller,
Longer, Lighter — Proceedings of IABSE-IASS Symposium, London 2011, 308.
Rebielak J., Budynek o zespolonej formie systemu konstrukcyjnego, Czasopismo Tech-
niczne, 2-A/2/2011, 303-308.

Rebielak J., Koncepcja systemu konstrukcyjnego budynku wysokiego, Inzynieria i Bu-
downictwo, nr 1, 2012, 45-51.

Rebielak J., 4 method of static calculation and shape of structural system developed by
application of principles of superposition, Lightweight structures in civil engineering
— contemporary problems, Local seminar of IASS Polish Chapter, Warsaw 2012,
155-158.

Rebielak J., System of combined foundation for tall buildings, Journal of Civil
Engineering and Architecture, Vol. 6, No. 12, December 2012, (Serial No. 61),
1627-1634.

Rebielak J., Metody numeryczne w modelowaniu struktur przestrzennych. Ksztaltowanie
systemow konstrukcyjnych budynkow wysokich, Archivolta, nr 1, 2013, 50-57.





