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Unsteady Aerodynamic Forces on Long-span Flat Roofs with Various Span to Eaves-height Ratios
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Yasushi UEMATSU *?

SYNOPSIS

Aerodynamic stability of long-span flat roofs has been investigated on the basis of the computational fluid dynamics with a large eddy
simulation. The span to eaves-height ratio (L/H) of the building was changed from 3 to 9 to understand the effect of the separated flow and
the separation bubble, which are strongly affected by L/H, on the unsteady aerodynamic forces acting on the vibrating roof in the first anti-
symmetric mode. First, the distributions of mean and RMS fluctuating wind pressure coefficients on the rigid and vibrating roofs were
examined, in which the vibration mode was assumed to be the first anti-symmetric mode. The results on the mean and fluctuating wind
pressure distributions on the rigid roofs indicate that the eaves height is one of the most important factors to evaluate the wind pressure
distributions. It is also found that the distributions of RMS fluctuating wind pressure coefficients on the vibrating roof is characterized by
the vibration mode. To understand the characteristics of fluctuating wind pressures in detail, the power spectral densities and phase
differences of fluctuating wind pressures were examined. The general shape of the power spectral densities for the vibrating roof was found
to be similar to that for the rigid roof. The results indicate that the fluctuating component of wind pressures at the forced vibration frequency
is related to the roof’s vibration significantly. However, the roof’s vibration affects the phase differences of fluctuating wind pressures only
a little. The unsteady aerodynamic forces at the location of anti-nodes of vibration mode are affected by the separation bubble generated by
the flow separation from the leading edge of the roof. However, the generalized unsteady aerodynamic forces are minutely affected by L/H.
Finally, a formula for the critical wind velocity that induces the aerodynamically unstable vibration is proposed on the basis of the generalized
aerodynamic damping. The critical reduced wind velocity, defined by the velocity at the eaves height, the span and the natural frequency of
the first anti-symmetric mode, are 1.27 and 1.47 for the uniform flow and the turbulent boundary layer, respectively.

*1) Dr. Eng. Researcher, Department of Structural Engineering, Building Research Institute
*2) Dr. Eng. President, National Institute of Technology (KOSEN), Akita College
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BASIC STUDY ON WIND LOAD PREDICTION OF CANTILEVERED STADIUM ROOF

TAKIZAWA Mineyoshi®!
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MORISHITA Ryo™

SYNOPSIS

As for the structural design of the stadium cantilever roof structures the wind load is more dominant than the seismic load. For
special shapes such as stadiums, wind load distribution is generally evaluated by wind tunnel tests using a scale model. The
following theme for the structural planning of cantilevered stadium roofs have not yet been shown accurate results, that is, a
simplified wind tunnel tests method, an influence on the building wind load on the windward, and the effectiveness of CFD
analysis methods. In this paper, these themes are analyzed by each wind tunnel tests and CFD analyses.

*1 M. Eng Yokogawa System Architecture *3 Dr. Eng. Assoc. Prof. at Nihon University. Dept. of Architecture
*2 Dr. Eng. Prof. at Nihon University. Dept. of Architecture *4 Graduate Student.Nihon University.
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Fundamental Study on Structural Design Method of Steel Pipe Truss Structure

for Framed Membrane Structures and Tent Warehouses
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SYNOPSIS
Membrane structures and tent warehouses are commonly framed with a steel pipe truss structure.In the structural
calculation of these structures, the frame model composed of linear elements converted from the truss structure is
generally used.Section forces obtained by frame model is converted to the axial force of truss members, and safety is
verified.On the other hand, actual steel pipe truss structures may have the eccentricity of lattice members or distributed
forces on chord members.In this study, through the comparison and analysis of displacement and stress, a structural
design method used frame models is proposed.
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Characteristics of wind pressures and wind forces on a cylindrical free roof
focusing on the spatial and temporal variations
Lizhi Wen"
Yasushi Uematsu?
SYNOPSIS

The present study investigates the characteristics of wind pressures and wind forces acting on a cylindrical free roof based on a wind tunnel
experiment as well as on a CFD simulation using LES, focusing on the spatial and temporal variations. The rise/span ratio (f/B) and the
length/span ratio (W/B) of the roof were changed from 0.1 to 0.4 and from 1 to 3, respectively. In the wind tunnel experiment the wind
pressure distributions were measured along only two lines because of a limitation of model making. The effects of f/B and W/B on the
distributions of wind pressure coefficient and wind force coefficient, provided by the difference between wind pressures on the top and
bottom surfaces, were made clear. A CFD simulation with LES was also carried out in order to investigate the spatial and temporal
variations of wind pressures and wind forces over the whole roof area. The CFD model used in the simulation was first verified by
comparing the results with the experimental ones. Then, the characteristics of wind pressure and force distributions were investigated.
Finally, discussion was made of the peak wind force coefficients for the design of cladding/components of cylindrical free roofs, based on
the experimental and numerical results.

*1 Graduate Student, Department of Architecture and Building Science, Tohoku University

*2  President, National Institute of Technology (KOSEN), Akita College
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Proposal of new system of steel supports for space frames and its proof of
effectiveness for refraining from damage due to earthquake

Part 2 : Proposal of procedures to evaluate the seismic performance of a flat steel spatial structure installed with columns of
H section of dog-bone-cut connected to RC columns as substructure

Shiro Kato™
Kenta Someya™
Naoki Wada™
Tatusya Yoshino ™
Shoji Nakazawa™

The present paper proposes a procedure to evaluate seismic performance of a flat steel spatial structure for roof. The
structure is installed a kind of H sectioned steel columns with passive controllability, and the steel columns supporting
the roof are then supported by RC columns as substructure. First, five seismic forces for design are defined based on
the previous researches reflecting the dynamic global and local behavior of the structure subject to seismic
accelerations: (1) Aglobal seismic force is defined based on a conventional design practice using A distribution factor,
(2) UD seismic force, and (3) three seismic forces considering local response of substructure. Based on the five seismic
forces, three important combinations for seismic forces to be applied in design are introduced. Second, the conditions
in design to be satisfied for performance are defined considering ultimate limit state in terms of stresses and
deformations. Finally, several comments and required further researches are discussed.

*1 Dr. Eng., Emeritus Professor, Toyohashi University of Technology
*2 Ms. Eng., Taiyokogyo

*3 Ph.D., Taiyokogyo

*4 Ph.D., Professor, Toyohashi University of Technology
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