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MEASUREMENT REPORT ON VIBRATION CHARACTERISTICS AND
DAMPING FACTOR FOR A FRAMEWORK MEMBRANE STRUCTURE THAT
COMBINES CROSS ARCHES AND CABLES

Ktasuhrio OOTAKE 1 *!

Summary

A framework membrane structure has been designed combining cross arches formed from steel tubes, type B
membrane material, and cables, as the roof over an indoor pool. In addition in order to determine the damping
properties of the type B membrane material, microtremor measurements and hammer impact excitation
measurements were carried out on the steel structure of the cross arches on their own before and after initial
tensioning the membrane. Similar results were obtained for the measurements before initial tension of the
membrane and the analysis, with a primary natural frequency of about 11.05 Hz. As a result of estimating the
damping factor by the RD method, it was estimated that the damping factor was a maximum of 1.72 %. After
initial tension of the membrane, the results showed that the estimated damping factor was a maximum of 4.85 %
at the frequency 12.80 Hz. By conducting microtremor measurements, and hammer impact excitation
measurements, and seismic load measurements, and wind load measurements, the vibration characteristics and
damping factors were examined.

*I Taisei Corporation
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MEASUREMENT REPORT ON VIBRATION CHARACTERISTICS OF
LENTICULAR DOUBLE PNEUMATIC MEMBRANE STRUCTURES WITH
HIGH INTERNAL PRESSURE

Sound pressure vibration experiment on ETFE film

Katsuhiro OOTAKE *!
Masaya KAWABATA *

In order to understand the vibration characteristics of the lenticular double pneumatic membrane structures, a
sound pressure excitation experiment using sine wave sound from a speaker, was conducted. The test specimen was
fabricated by stretch forming ETFE film. A sweep excitation experiment was conducted to determine the resonant
frequency by changing the fluctuating frequency of the excitation force over time and to estimate the natural
frequency. The natural frequencies in the vertical first mode obtained from the measurement results were consistent
with those from the eigenvalue analysis. As a result of estimating the damping factor by the RD method, it was
estimated that the damping factor was a maximum of 0.24 %. This paper reports on the experimental procedures
and the results of the vibration measurements.

*!I Taisei corporation
*2 Professor, Dept. of Architecture and Urban Culture, Faculty of Urban Innovation, Yokohama National University,

Dr.Eng.
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Research on the Required Internal Pressure Control of Cylinder- shaped

Pneumatic Structures with Spherical Roofs
Part 1 Derivation of the Simplified Calculation Formula

Eizo Maruta* 1
Masaya Kawabata *2
Takeshi Ibi * 3

Summary

In this study, a simplified calculation method is proposed for controlling the required internal pressure and determining the
maximum tensile force in the axial direction of a cylindrical air membrane structure with a spherical dome roof, with the aim of
ensuring structural safety against wind loads. The required internal pressure is derived from the equilibrium of tension based on the
basic tension of internal pressure to restore deformations such as expansion and contraction of the membrane due to external wind
forces, in addition to the initial internal pressure against the membrane weight and initial tension based on statics assumptions for a
thin-film spherical dome shell, and the buckling limit of the lower membrane under wind pressure. Regarding the calculation, the
external pressure coefficients for spherical roof structures are based on Recommendation for Load on Buildings of the Architectural
Institute of Japan, and for the cylindrical part, external pressure distributions based on previous wind tunnel experiments are referenced.
Additionally, the influence of variations in the rise ratio of the dome roof and the height-to-width ratio of the cylinder is considered.

*!' CEO,WIND & PHYSICS, LLC, Dr. Eng.

*2 Professor, Institute of Urban Innovation, Yokohama National University, Dr. Eng.

*3 General manager , Development Div. DAIKA Industrial Co. Ltd.
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