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Preliminary Study of Comparison between Measured and Computed Axial Force of Full Scale Tensegrity Structure
under Strong Wind Load.

SYNOPSIS

Kota Tsuboi ™V
Ken’ichi Kawaguchi *?
Keisuke Mizutani™

Lu Yue™

Axial strain of structural members of a full-scale tensegrity skeleton, constructed in 2017, has been continuously
monitored. Its axial force under strong wind, obtained from recorded strain, were compared with its computed
value, in order to learn the actual behavior of the structure. Two sets of computed value were prepared, the set used
during structural design based on the computational model and additionally calculated set using actual length of
members and monitored permanent load. Most of the values agreed well each other but some did not match well.
However, relationships between the external force and axial forces corresponded well in general.
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DISCUSSION OF AERODYNAMIC STIFFNESS AND DAMPING OF LONG-SPAN
ROOFS WITH VARIOUS SHAPES BASED ON CFD SIMULATION

Part 1: Unsteady aerodynamic forces based on modal wind forces

Yuki TAKADATE *V
Yasushi UEMATSU *?

The present paper numerically investigates the unsteady acrodynamic forces of the first symmetric and anti-symmetric modes of vibration
for three kinds of long-span roofs using a computational fluid dynamics (CFD) with large eddy simulation (LES). The aerodynamic
stability of the roofs is discussed based on the characteristics of the unsteady aerodynamic forces, which are represented by the
aerodynamic stiffness and damping. Although the building model is two-dimensional (one-way type) , the CFD simulation is conducted
for three-dimensional domain. The unsteady aerodynamic forces are evaluated based on the wind pressure distributions along the
centerline of the roof which is forced to vibrate in the first symmetric and anti-symmetric mode. The vibration amplitude, the vibration
frequency and the wind velocity at the mean roof height are varied over a wide range. The aerodynamic forces are investigated on the
basis of the unsteady generalized wind forces. The magnitude of unsteady aerodynamic forces changes depending on the vibration
amplitude. However, when the unsteady aerodynamic forces are normalized by velocity pressure, tributary area, and normalized
amplitude, the normalized values are found to be independent of the vibration amplitude. According to the simulated results, the
aerodynamically unstable vibration may occur when the roof vibrates in the anti-symmetric mode. In addition, aerodynamically unstable
vibrations may occur on flat and suspended roofs, but may not occur on the cylindrical roof.

*! Researcher, Dept. of Structural Engineering, Building Research Institute, Dr. Eng.
*2 President, National Institute of Technology (KOSEN) , Akita College, Dr. Eng.
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CONSIDERATION ON THE STRUCTURAL BEHAVIOR OF THE FILM STRUCTURE
USING ETFE FILMS WITH DIFFERENT ELONGATION CHARACTERISTICS

Masaya Kawabata ™!
Yuya Horiguchi **
Hiroshi Aruga™

Summary

ETFE film has excellent transparency and weather resistance, and is increasingly being used for the roofs and outer walls of flora and
fauna, stadiums, and buildings. ETFE film has lower strength and rigidity than film materials with woven fabric, and when stress
exceeds the yield point, large plastic deformation occurs. In addition, it is indispensable to properly consider the properties peculiar to
the film in the design, such as creep and relaxation becoming remarkable at a stress degree of 1/2 to 2/3 or more of the yield point at
room temperature. In this paper, we compare the mechanical properties of two types of ETFE films with different elongation
properties, and then consider their effects on the structural behavior of the film structure. TYPE-X modified by changing the
composition of ETFE polymer has higher transparency than TYPE-N, and the stress level (proof stress) at the same strain is about 15
to 50% higher. In particular, the stress level before and after the first yield point is about 1.5 times, and even when a curved structure
such as an air cushion receives an external force such as wind pressure, it is possible to exert about 1.5 times the proof stress.

*Professor,Dept.of Architecture,FacultyofEngineering, Yokohama National University,Dr.Eng.
*AGC Inc.
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EVALUATION ON STRUCTURAL PROPERTIES AND PROPOSAL
ON SETTING METHOD OF INTERNAL AIR PRESSURE
FOR SEALED TYPE AIR CUSHION STRUCTURES

Hitoshi YONAMINE" Shuzo HIROISHI™
Akira OKADA™ Ryuta SHINDO™
Naoya MIYASATO™

Summary
The Pneumatic structure is classified into an "Air-supported Structure" represented by Tokyo Dome, and an

"Air-inflated Structure" such as beam and arch types. The "Air Cushion Structure" that is the subject of this
paper is positioned as a structural system that has both characteristics of Air-supported and Air-inflated
structures. The Air cushion structure consists of two layers of film, an enclosing framework and pressurized
air between the layers, which makes a highly rigid structural panel system. Here, the pressure difference
between outside and inside of the cushion structure is referred to as "Internal Air Pressure".

In designing an air-supported structure, it is common to assume that the internal air-pressure is always
maintained at a constant value even when an external load applies (this is called a "Constant Pressure Type"). It
is based on the assumption that the time delay of internal air-pressure control by an air supply equipment is so
brief that it can be ignored. Following this assumption, it is general that the Air cushion structure is also
designed using the constant pressure type assumption. However, the Air cushion structure which is a relatively
small scale has a smaller amount of internal air than typical Air-supported structure, and therefore, it would be
difficult to achieve the assumption of constant internal pressure, depending on the loading conditions.
Furthermore, a sudden change of film stress under a sealed condition (this is called a “ Sealed Type” ) is likely
to be predicted due to a change of internal air pressure with the influence of internal air volume change, but its
behavior is unclear.

In recent years, the Air cushion structure using ETFE (Ethylene tetrafluoroethylene) film has already been
used worldwide in not only large-scale buildings such as stadiums but also small canopies as cladding elements.
However, the design method is basically based on the constant pressure type, and as far as the author knows,
the design and analysis method considering the sealed type has not been established yet properly.

Based on the background mentioned above, it is necessary to understand the "Sealed Type" structural
characteristics of the Air cushion structure and establish an appropriate structural analysis method under snow
and wind loads that may occur normally. Besides, it is vital to establish a structural design flow and setting
method of an appropriate internal air pressure for the Air cushion structure multidirectionally considering
specific attentions of the Sealed type.

Therefore, this paper deals with the following two themes regarding the Sealed type air cushion structures.

* An evaluation method to check behavior of Sealed type air cushion structure is established.

* A structural design flow and a setting method of an appropriate internal air pressure for the Air cushion
structure are proposed.In this paper, numerical analysis and experiments were conducted on the Sealed type air
cushion structure using the ETFE film that is utilizable in Japan after the revision of the Building Standards in
Japan in June 2017.

The study concludes that we proposed "Evaluation method on structural properties for the Sealed type air
cushion structure" and "Structural design flow and Setting method of internal air pressure" based on the
evaluation method and demonstrated its effectiveness, in order to establish a numerical analysis method that
can evaluate fluctuations of internal air pressure and a design method that takes into consideration the Sealed
type attentions. In addition, the author confirmed that the Sealed type is a rational and passive structural
system, in which an appropriate initial internal pressure is applied at the beginning, and thereafter it is not
necessary to mechanically control the pressure under snow and wind loads.

"1 Dr.Eng. Ove Arup & Partners Japan Limited *4 Dr.Eng.Assoc.Prof.at Nihon University.Dept.of
*2 Dr.Eng.Prof.at Nihon University.Dept.of Architecture *5 M.Eng. AZUSA SEKKEI Co.,Ltd.
*3 Dr.Eng.Prof.at Nihon University.Dept.of Architecture
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CHARACTERISTICS OF WIND FORCES ON A CYLINDRICAL FREE ROOF

Summary

Lizhi Wen *1
Wei Ding *2
Yasushi Uematsu™3

In this study, wind tunnel experiments and computational fluid dynamics (CFD) simulation were carried out to investigate the
characteristics of wind loads on a cylindrical free roof. The effects of parameters such as rise/span ratio /B, length/span ratio W/B, and
wind direction & on the characteristics of wind pressures and forces acting on the cylindrical free roof and the flow around the roof
were investigated. Based on the distributions of the mean wind force coefficients along two representative lines in the central and edge
zones, we have proposed a model of the wind force coefficient distributions used for designing the main wind force resisting systems.
Furthermore, models of positive and negative peak wind force coefficients for cladding design have been proposed.

*1 Graduate Student, Disaster Prevention Research Institute, Kyoto University.
*2Lecturer, National Institute of Technology (KOSEN), Akita College
*3 President, National Institute of Technology (KOSEN), Akita College
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A numerical example on allowable compressive stress settings for tension field

model based on in-plane displacement distributions of membrane surface

Takeshi AKITA *!

Summary

In this paper, a numerical example to set allowable compressive stresses in tension field models is reported. The
allowable compressive stresses in the tension field model is set to minimize the difference from the in-plane
displacement distribution in wrinkled membrane surfaces. For a simple example, a rectangular tension membrane
under shear load was analyzed by using a pseudo-bifurcation buckling analysis to obtain the displacement field
with wrinkling. The allowable compressive stresses in the tension field model was determined by using in-plane
displacement distribution in the wrinkled membrane. From the tension field analysis with the allowable
compressive stress determined, it is confirmed that the relationship between the forced displacement and the
reaction force is in good agreement with the results of the pseudo-bifurcation buckling analysis, which indicates the
effectiveness of the presented approach in this example.

*I" Associate Professor, Department of Innovative Mechanical and Electronic Engineering, Chiba Institute of Technology
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WIND FORCE COEFFICIENTS FOR DESIGNING CYLINDRICAL FREE ROOF
COMPOSED OF FRAMEWORK MEMBRANE STRUCTURE

Wi Ding ™
Yasushi Uematsu™

Summary

In this study, wind tunnel experiments were carried out to investigate the wind force coefficients for designing the main wind force
resisting system of a cylindrical free roof composed of framework membrane structure. Pressures at many points on both the top and
bottom surfaces of a rigid roof model with a rise/span ratio of 0.1 and a side ratio of 1 were measured simultaneously in a turbulent
boundary layer. Based on the results obtained, the characteristics of wind pressures and forces acting on the cylindrical free roof were
investigated. Then, the critical condition providing the maximum load effect was determined according the results of structural frame
analysis. Focus was on the bending moment at the windward column top and the axial force induced in the leeward column as the load
efects. The LRC method proposed by Kasperski was employed for evaluating the equivalent static wind force coefficients providing
the maximum load effects. Finally, a model of design wind force coefficients to be used in the framework of conventional gust effect
factor approach was proposed.

*1 Lecturer, National Institute of Technology (KOSEN), Akita College
*2 President, National Institute of Technology (KOSEN), Akita College
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