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DISCUSSION OF AERODYNAMIC STIFFNESS AND DAMPING OF LONG-SPAN ROOFS WITH
VARIOUS SHAPES BASED ON CFD SIMULATION

Part 2: Unsteady aerodynamic forces based on local wind forces

Yuki TAKADATE"
Yasushi UEMATSU™

The present paper investigates the unsteady aerodynamic forces of the first anti-symmetric modes of vibration for three types of long-
span roofs, i.e., flat, vaulted, and suspended roofs, based on a computational fluid dynamics (CFD) analysis with a large eddy simulation
(LES). In Part 2, the focus is on the local unsteady acrodynamic forces acting on each point of the roof, which are obtained from the CFD
analysis, to understand the mechanism of aerodynamically unstable vibrations.

First, the local aerodynamic forces at the antinodes of vibration were compared to the previous experimental results. The inflow
conditions of the present study are a smooth uniform flow and a turbulent boundary layer, while that of the previous experimental study
is a turbulent uniform flow. Although the inflow conditions are not the same, the basic characteristics of the acrodynamic forces obtained
in the present study are similar to those obtained from the previous experiment.

Next, the local aerodynamic forces were computed at many points along the centerline of the roof. The results indicate that the wind
pressure fluctuations due to flow separations at the leading edge as well as at the trailing edge induce negative aerodynamic damping
when the non-dimensional wind velocity, defined by the wind velocity, forced vibration frequency, and roof span, is large. The magnitude
of negative aerodynamic damping is generally more significant in the windward area than in the leeward area. Therefore, it seems
important to control the flow separation at the leading edge of the roof to improve the aerodynamic stability of long-span roofs.

*1 Research Engineer, Dept. of Structural Engineering, Building Research Institute, Dr. Eng.
*2 President, National Institute of Technology (KOSEN), Akita College, Dr. Eng.
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FUNDAMENTAL STUDY OF WIND LOADS ON DOMED FREE ROOFS

Wei Ding ™!
Lizhi Wen *
Yasushi Uematsu™

Summary

The characteristics of wind flow around and wind pressures on domed free roofs are investigated based on a wind tunnel experiment and
a CFD simulation using LES. The wind tunnel models with rise-to-span ratio (f/D) of 0.1 to 0.4 were made by using a 3D printer. The
distributions of wind pressure coefficients along a centerline on both the top and bottom surfaces were measured. The wind pressure
distribution on the whole roof was obtained by rotating the model. The method of CFD simulation was validated by the wind tunnel
experiment. Based on the results of wind tunnel experiment and CFD simulation, the effects of parameters such as rise/span ratio /D on
the characteristics of wind flow around and wind pressures on the roof were investigated. Then, based on the distributions of the mean
wind force coefficients along a centerline parallel to the wind direction, we have proposed a model of wind force coefficient distribution
for designing the main wind force resisting systems of the roofs. Furthermore, models of positive and negative peak wind force
coefficients for designing the cladding and components have been proposed.

*!' Lecturer, National Institute of Technology (KOSEN), Akita College, Dr. Eng.
*2 Graduate Student, Disaster Prevention Research Institute, Kyoto University.
*? President, National Institute of Technology (KOSEN), Akita College, Dr. Eng.
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