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1. Introduction

Structures made from technicd fabrics bemme more and more populr. Design of such
structures is difficult as not only geometric nondineaity, but also very speda condgitutive
modding is necesry. Usudly the finite element method is used in the design process Typicd
commercial software can notbeapplied in this case, as typicd membrane elements can not propealy
expresshehavior of fabric threads duiing deformation.

Thereis severa conditutive modds which can be used in such cdculations(see[1], [2]), but
mog of them can not be applied in commercial FEM systems. Additiondly, usually they can be
used for only onetype of condructive modding of threads behavior: nondinea elastic, viscodastic
or viscoplastic. Proposd in [3] the dense net model of atedhnicd fabric can be used with all three
mentioned before approadies. It is aso applicable for the threenode triangle [4], and for four node
isopametric membrane shdl finite dements [5].

Theideaof thedense ne modd isrelatively old, butin the pagper new, pradicd aspeds of its
applicaion will bediscussd.

2. Experiments for dense net model identification

To peform cdculation of any structure it is necessary to know its material propeties. A
technicd fabric is build from at least two very different materials (threads and coating) and has
different propaties in different diredions which additiondly can change in deformation process
Nationd standads require only very simple tests [6] which are not enoughto describe the fabric
behavior in FEM cdculations The type of congitutive description depends also from the type of
cdculations which is going to be peformed (e.g. nonlinea dastic formulation is enoughin the
initial stage of design, viscodastic mugt used in longtime behavior investigations while in extreme
loadings cdculationsthe viscoplastic approac seems to be the best). The laboratory equipment for
technicd fabric test mug enable recording of time, displacements and forces. A standad strength
madiine mug be equipped in a speda suppot system, and mugt guaantee good acaracy and
frequency of recorded results. For creep and shea tests speda stands which will be presented
during conference are necessary. Generaly for identification of warp and weft threals the uniaxial
tests are the mog often peformed. The bi-axial tests are difficult and ther results are hard in
applicaion to conditutive identificaion. During conference examples of such tests will be
presented and ther advantages and diawbadks will be discussed.

3. Numerical agped of dense net model application

3.1. dentification

After expearimenta tests identificaion of threads and coating propeties is necessry. Pure
experimental data are usudly not applicable as for the rheologicd modds cdculation of the time
derivatives of strainsis necessry. The least squares method is the mog often used numericd tool
on this stage of reseach. The author experience in identification of nondinea elastic, viscodastic
and viscoplastic modds for a warp and weft will be presented. The numericd methods of
verificaion of identification results will beadso given.
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3.2. Introdudion ofidentification resultsinto FEM calculations

In the FEM cdculations of textil e structures self-condructed or commercia software can be
used. From tha secmnd group only systems which enable the user subroutines introdudion can be
seleded (e.g. MSC.Marc or Abaqug. In such subroutine the dense néd modd describes the
conditutive relationsfor a typicd membrane shell element. The modding by triange elements is
eaier as the diredions of threads families can be univocdly determinae by the edges of an
element. For the four node isopaametric membrane elements more complex cdculations are
necesry [2]. The main problem in cdculationsob membrane-cable structures is determination of
initial bdanced configuration. This processis well known as the form-finding and is suppoted by
spedad software [7]. The mos important type of loading for light structure like a hanging roof is the
wind loading. Due to complex shgpe of a roof only expengve test in an agodynanic tunnd can
give proper distribution of the wind presaure and suction. In theinitial stage of design the approac
proposd in [8] can be used. Very often not only static but also nonlinea dynamic cdculationsare
necesry.

5. Calculation example

In yea 2009 (for the 100" anniversary of eredion) recongruction of the Forest Opera in
Sopotis planed. Thethedre will be covered by the new hanging, textil e roof suppoted by two over
100 m span sted arches. The author is involved in the roof design process Necessary experiments
and mog of the cdculations of the cable-textile part of the roof were peformed in Gdansk
University of Tedhnology. In numericd cdculations of the new roof the dense ng modd with
different types of conditutive modds was used. Some problems the form-finding of climatic
loadings determination will be presented duiing conference

6. References

[1] J. Argyris, J.&. Doltsinis, V. D. Silva. Conditutive moddli ng and computation on nondinea
viscodastic solid. Pat |: Rheologicd modds and nunmericd integration techniques. Pat Il:
Applicaion to orthotropic PVC-coaed fabric. Computer Methodsin Applied Medhanics and
Engineeing 88 (1991)135-163 ad 98 (992)159-226.

[2] A.Ambroziak (2005) Geonetrically nondinear analysis of membranes applied for hanging
roofs with resped to different types of conditutive relations Ph.D. thesis, Gdansk University
of Technology, Faaulty of Civil and Environmental Engneeing.

[3] Cz Branicki, P Klosowski (1983) Static Analysis of Hanging Texitle Membranes In
Nonlinea Approad. Archive of Civil Engineging XX1X/3 189-220.

[4] P Ktosowski, A. Zagubien, K. Woznica (2004) Investigation on rheological propeties of
technical fabric “ Panama” . Archive of Applied Mechanics, 73 661-681.

[5] A.Ambrozak, P. Ktosowski (2006) A four-node 3D isoparametric membrane element. TASK
Quart., 104 3547

[6] EN I1SO-14211998 Rubbe or plagic coated fabric. Determination of tensle strength and
elongaton break

[7] B.H.T. Topping, P. Ivanyi (2007) Computer Aided Design of Cable Membrane Sructures.
Saxe-Cobuig Publications, Kippen, Sotland.

[8] A.Ambroziak, P. Ktosowski (2005)Aerodynanic charaderistic of membrane hanging roofs.
Inz. i Bud. 7, 383386.





