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Peak wind force coefficients for designing the cladding of open-type framed membrane structures

Yuki Takadate ™"
Yasushi Uematsu 2
Eri Gavanski

SYNOPSIS

Peak wind force coefficients for designing the cladding of open-type framed membrane structures are proposed on the basis of a wind
tunnel experiment. Three types of gable-end configurations, that is, open type, partially enclosed type and enclosed type, are tested in the
present study. First, the peak wind force coefficients are specified based on the distributions of the most critical maximum and minimum
peak wind force coefficients irrespective of wind direction. Then, using the Type I extreme value distribution, the wind force coefficients
for cladding are estimated. Using this distribution, it is possible to estimate the peak wind force coefficients for any value of
non-exceedance provability. Furthermore, the combination of the external and internal peak wind pressure coefficients for estimating the
peak wind force coefficients is discussed. Peak wind force coefficients in the edge region can be estimated reasonably by combination the
peak external and internal wind pressure coefficients. However, such a combination generally overestimates the design wind force
coefficients in the other regions, where the peak wind force coefficients are relatively small in magnitude. Then, the internal wind pressure
coefficients are estimated by the difference between the peak external wind pressure coefficients for enclosed type and the peak wind
forces coefficients for open type or partially enclosed type. Based on the results, we proposed internal pressure coefficients to be combined
with the peak external pressure coefficients on enclosed buildings for estimating the peak wind force coefficients on open type and
partially enclosed type buildings. The proposed internal wind pressure coefficients reasonably provide the wind force coefficients for the
open type and partially enclosed type. Provided that the internal pressure coefficient is minutely affected by the roof configuration the
proposed internal pressure coefficients can be used for estimating the peak wind force coefficients on open type buildings with various
roof configurations.

*) Graduate Student, Department of Architecture and Building Science, Graduate School of Engineering, Tohoku University
" Professor, Department of Architecture and Building Science, Graduate School of Engineering, Tohoku University
" Researcher, Division of Wind Resistant Structures, Disaster Prevention Research Institute, Kyoto University
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Viscous characteristics of ETFE Film sheet
- Anon-linear viscoelastic constitutive equation under biaxial tensions -
Tatsuya Yoshino™
Shiro Kato™?

SYNOPSIS

This study aims at clarifyin the behaviour of ETFE film sheet using the FEM analysis. ETFE film exhibits both elasto-plastic and
viscoelastic characteristics under stress. These characteristics have been discussed in the author’s studies [3, 4]. In this paper, the
viscoelastic characteristics under biaxial tension are described from the viewpoint of experimental tests and numerical simulations.

First, the incremental constitutive equation under biaxial tension is proposed. It is based on the incremental nonlinear viscoelastic
equation [4] under uniaxial condition. Then, it is developed in an applicable formula to biaxial stresses in the FEM analysis. The variation
of temperature is included using a time-temperature changing equation. The parameters of constitutive equation are again estimated from
results [1, 2] of dynamic viscoelastic experiment.

Second, two types of experimental tests are performed. Then, the validity of constitutive equation is confirmed through comparison with
results of numerical simulations. One experimental test is biaxial tension test. It is monotonic loading test with various stress ratios. The
other one is biaxial creep test. It is two stress level test.

*1) Ph. D., Advanced Structures R&D Department, Taiyo Kogyo Corporation
*2) Ph. D., Professor Emeritus, Toyohashi University of Technology
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Fundamental Equation for Reliability Analysis of Tensile Membrane Structure attached to

Steel Space Structure

Reduction of Reliability Function using Perturbation

Shiro Kato ™V
Tatsuya Yoshing™?

A fundamental equation for reliability analysis of a membrane structure attached to a steel space structure is proposed using a concept of
perturbation of a nonlinear equilibrium equation considering interaction between a membrane and its supporting steel space structure. First,
the nonlinear equilibrium equation is formulated based on FEM considering the material and geometrical nonlinearities of a membrane
structure including the effect of initial tension introduced into the membrane structure. Second, the membrane stresses in the warp and fill
directions are formulated by a concept of perturbation method, in which main probabilistic structural parameters are initial tensions
introduced into membrane and loading effects of snow and wind. Third, the reliability function is formulated as the difference between the
membrane strength, warp or fill stress, and a stress effect due to external load, snow or wind. The reliability function is nonlinear in general
to be solved by AFOSM already established and validated past by researchers.

Several discussions on probabilistic parameters are also provided. The reason why magnitudes of membrane stresses, being assumed
bi-axially equal under initial stress introduction, are non-uniform even in an initial equilibrium without an external load. Experiments,
on-site measurements and FEM analysis on membrane stresses, performed by Japanese researchers, are introduced and explained with not
only measured data but also FEM simulations, all showing the effects due to crimp interchange, visco-elasticity of the fabric material,
membrane cutting patterning, and on-site development of membrane fabrics to structural steel members.

*1) Ph. D., Emeritus Professor, Toyohashi University of Technology
*2) Ph. D., Advanced Structures R&D Department, Taiyo Kogyo Corporation
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