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Conclusions and Suggestions for future works

In the present work membrane structures more predsely pneumatic structures
for constructions in civil engineeing are studied. This type of construction is
quite new and requires new techndogies. Therefore, new materials are under
development. Dueto the large anount of materials avail able for membranes such as
fabrics and pdymers, different material models are alopted. The material models
are dassgfied herein two main groups: small andlarge strains. In the group d small
strains elastoplastic and elastoviscoplastic material models were implemented. The
group d large strains comprehend the implementation o the hyperelastic Ogden,
elastoplastic and elastoviscoplastic material models. A new material model is also
proposed and implemented, which is based on NURBS surfaces. Examples are
developed to validate the material and implementation.

Emphasis is given to the ETFE material due to its wide use in preumatic
structures in the last yeas. The constructions built with ETFE materials show the
efficiency of this material. Numericd anaysis with the finite dement method are
applied to model the ETFE material.

The presaure-volume augdingincluded in the formulationtakes into acourt
the variation o the internal presaure in enclosed chambers when the volume is
changed due to the external applied load. Numerica results are compared with
analyticd results available in the literature. An analyticd formulation for large
strainsis also developed.

Applicaions of the material models to membranes and pressure-volume
couping are performed in the present work. The tod's developed in the work are
applied to the analysis of astructurein use.

7.1
Membrane material models

The dastoplastic material modelsfor small andlarge strainsare considered in
the numericd models of uniaxial and biaxial tests of ETFE—foil s. The experimental
results for the biaxial tests for load ratios of 1:1 and 21 are compared with
the numericd models. Membrane structures clealy present large deformations by
whichthe small strain material model fail sto givegoodresults. Experimental results
vali date the implementation and appli cability of the large strain models.

The proposed material model based onNURBS (PD-NURBS) was vali dated
with examples for hyperelastic and elastoplastic material models with large strains.
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From the small error obtained with the results comparing the PD-NURBS material
and the conventional material models it can be concluded that the formulation
presented is in acordance with the results of conventional models.

The validation example of the perforated square membrane with Mooney—
Rivlin material model are compared with the variation o the number of control
points for the material model based on NURBS. The results obtained with the dif-
ferent nets of control points are compared with the global convergence of the nu-
merica models. From theresultsit i s concluded that asthe number of control points
increases the anvergencerate dso increases and reades quadratic convergence

The material behavior is defined with NURBS surfaces with stresses and
strainsin principal diredions. These NURBS surfaces are generated with the results
from biaxia tests. The advantage of this material model is that from results of
experimental tests, a material model can describe the material behavior. On the
other hand, the experimental data shoud provide apoint distribution to generate
goodNURBS surfaces. This point distribution could result in anecessty of alarge
range of experimental data.

With resped to time of the analysisno significant difference between the PD—
NURBS material and conventional material was observed.

We oonclude that this material model is a good alternative to conventional
material models.

The burst test of a drcular membrane damped at its rim is analyzed. This
test is modeled with finite dements and the numericd models are compared to
experimental results. The dastoplastic material model with vonMisesyield criteria
is considered in the numericd analysis for small andlarge strains.

The results obtained with the numericd analysis with large strains are in
acordance with the experimenta results. On the other hand the results of the
numericd analysiswith small strainsare valid only in thefirst steps of the analysis.
These results reinforce the importance of considering a material model with large
strains to model this type of material.

7.2
Pneumatic structures with pressure—volume coupling

The numericd implementation o pressure-volume wugding for pneumatic
structures was validated with analyticd analysis. The anayticd analysis in the
literature ae for an inflated circular membrane damped at its rim. Difference was
observed between the numericd and analyticd results and this was acaedited to
large strains, which were not considered in the analyticd solution available in
the literature. This was confirmed with the development in the present work of
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an analyticd solution with large strain kinematics. The results obtained with this
analyticd solutionwere the same as those obtained with the numerica analysis.

A redanguar inflated cushion o single and doulbe chamber is modeled in
the present work. The results obtained for the case of pressure-volume wmuging
and withou considering the pressure-volume couping are compared.

For the doulde chamber cushionwith presaure-volume mugingit i sobserved
that the displacanent result is gnaller than the aushion d single chamber, due to
the increase in the displacement constraint with the increased chamber.

These analyses how the large difference in the results when the presaure-
volume oougdingis considered.

An analysis of a pneumatic structure in use is also performed in the present
work. The importance of the pressure-volume oouging is reinforced with this
example by the results of displacanent, stresses and strains. The results obtained
for the cases withou the pressure-volume cougding are larger than the cases with
presure-volume couging.

The analysis with cutting pettern shows the acaimulation d the tension on
the strip unions. Therefore, the aitting petterns shoud be considered in an analysis
of amembrane structure.

7.3
Sugg estions for future works

Based onthe present work some suggestions for future works are presented:

— Experimental tests for isotropic membrane materials for different stresspaths
shoud be performed to generate NURBS surfacesfor the constitutive material
model based onNURBS.

— Extension o the formulation o the material model based on NURBS to
anisotropic materials.

— Consideration o the temperature influence on the material model for pneu-
matic structures.

— Development of experimental analysis of inflated cushions with multi cham-
bers, sincethese experimental analyses are nat avail able in the literature.

— Wrinkling analysisin preumatic structures

— Dynamic analysisin preumatic structures
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