
7
Conclusions and Sugg estions for future works

In thepresent work membranestructuresmoreprecisely pneumatic structures

for constructions in civil engineering are studied. This type of construction is

quite new and requires new technologies. Therefore, new materials are under

development. Dueto thelarge amount of materialsavailablefor membranes such as

fabrics and polymers, different material models are adopted. The material models

are classified here in two main groups: small and largestrains. In thegroup of small

strainselastoplastic and elastoviscoplastic material modelswere implemented. The

group of large strains comprehend the implementation of 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 thematerial and implementation.

Emphasis is given to the ETFE material due to its wide use in pneumatic

structures in the last years. The constructions built with ETFE materials show the

efficiency of this material. Numerical analysis with the finite element method are

applied to model theETFE material.

Thepressure–volume couplingincluded in theformulationtakes into account

the variation of the internal pressure in enclosed chambers when the volume is

changed due to the external applied load. Numerical results are compared with

analytical results available in the literature. An analytical formulation for large

strains isalso developed.

Applications of the material models to membranes and pressure–volume

coupling are performed in the present work. The tools developed in the work are

applied to the analysisof astructure in use.

7.1
Membrane material models

The elastoplastic material modelsfor small andlargestrainsare considered in

thenumerical modelsof uniaxial and biaxial testsof ETFE–foils. The experimental

results for the biaxial tests for load ratios of 1:1 and 2:1 are compared with

the numerical models. Membrane structures clearly present large deformations by

which thesmall strainmaterial model failsto givegoodresults. Experimental results

validate the implementationandapplicabilit y of the largestrain models.

Theproposed material model based onNURBS (PD–NURBS) was validated

with examples for hyperelastic andelastoplastic material modelswith largestrains.
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From thesmall error obtained with the resultscomparing thePD–NURBS material

and the conventional material models it can be concluded that the formulation

presented is in accordancewith the resultsof conventional models.

The validation example of the perforated square membrane with Mooney–

Rivlin material model are compared with the variation of the number of control

points for the material model based onNURBS. The results obtained with the dif-

ferent nets of control points are compared with the global convergence of the nu-

merical models. From theresults it i sconcluded that asthenumber of control points

increases the convergencerate also increases and reaches quadratic convergence.

The material behavior is defined with NURBS surfaces with stresses and

strainsin principal directions. TheseNURBSsurfacesaregenerated with theresults

from biaxial 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 should provide apoint distribution to generate

goodNURBS surfaces. This point distributioncould result in anecessity of a large

rangeof experimental data.

With respect to timeof the analysisnosignificant differencebetween thePD–

NURBS material and conventional material was observed.

We conclude that this material model is a goodalternative to conventional

material models.

The burst test of a circular membrane clamped at its rim is analyzed. This

test is modeled with finite elements and the numerical models are compared to

experimental results. The elastoplastic material model with vonMisesyield criteria

isconsidered in thenumerical analysis for small and large strains.

The results obtained with the numerical analysis with large strains are in

accordance with the experimental results. On the other hand the results of the

numerical analysiswith small strainsarevalid only in thefirst stepsof the analysis.

These results reinforce the importanceof considering a material model with large

strains to model this typeof material.

7.2
Pneumatic s tructures with pressure–volume coup ling

The numerical implementation of pressure–volume coupling for pneumatic

structures was validated with analytical analysis. The analytical analysis in the

literature are for an inflated circular membrane clamped at its rim. Differencewas

observed between the numerical and analytical results and this was accredited to

large strains, which were not considered in the analytical solution available in

the literature. This was confirmed with the development in the present work of

DBD
PUC-Rio - Certificação Digital Nº 0721425/CA



ConclusionsandSuggestionsfor futureworks 136

an analytical solution with large strain kinematics. The results obtained with this

analytical solutionwere thesame as thoseobtained with thenumerical analysis.

A rectangular inflated cushion of single and double chamber is modeled in

the present work. The results obtained for the case of pressure–volume coupling

andwithout considering thepressure–volume couplingare compared.

For thedouble chamber cushionwith pressure–volume couplingit isobserved

that the displacement result is smaller than the cushion of single chamber, due to

the increase in thedisplacement constraint with the increased chamber.

These analyses show the large difference in the results when the pressure–

volume coupling isconsidered.

An analysis of a pneumatic structure in use is also performed in the present

work. The importance of the pressure–volume coupling is reinforced with this

example by the results of displacement, stresses and strains. The results obtained

for the cases without the pressure–volume coupling are larger than the cases with

pressure–volume coupling.

The analysis with cutting pattern shows the accumulation of the tension on

thestrip unions. Therefore, the cutting patterns should be considered in an analysis

of amembranestructure.

7.3
Sugg estions for future works

Based onthepresent work somesuggestions for futureworksare presented:

– Experimental tests for isotropic membranematerials for different stresspaths

should beperformed to generateNURBSsurfacesfor the constitutivematerial

model based onNURBS.

– Extension of the formulation of the material model based on NURBS to

anisotropic materials.

– Consideration of 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 arenot available in the literature.

– Wrinklinganalysis in pneumatic structures

– Dynamic analysis in pneumatic structures
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