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Discussion of unsteady acrodynamic forces acting on a large-span flat roof structure

Yuki Takadate™
Yasushi Uematsu?

SYNOPSIS

The present paper discusses the unsteady aerodynamic forces acting on a large-span flat roof based on a CFD (Computational Fluid
Dynamics) analysis with LES (Large Eddy Simulation). First, mean wind pressures and RMS fluctuating wind pressures are computed in a
smooth uniform flow with four kinds of domain size and grid divisions. Based on the results, the most appropriate computational domain and
mesh division are made clear. Then, the distributions of mean wind pressure coefficients and RMS fluctuating pressure coefficients on a rigid flat
roof are investigated both in the smooth uniform flow and the turbulent flow. Next, a forced vibration test is carried out, in which the roof is
vibrated in the first anti-symmetric mode. In the simulation in the smooth uniform flow, the vibrating amplitude and frequencies are varied over
a wide range to understand the characteristics of the wind pressure acting on the roof and the influence of roof vibration on the aerodynamic
forces, represented by the aerodynamic stiffness and damping. The simulations in the turbulent flow are also carried out for some typical
amplitudes and frequencies. Based on the result, the aerodynamic stiffness and coefficients at the location of anti-node vibration are computed.
These results are compared to the previous experimental results. Finally, the dynamic behavior of large span flat roof is investigated using the
aerodynamic stiffness and damping coefficients predicted from the results of the forced vibration test. The results indicate that the natural
frequency and density of the roof are important for evaluating the dynamic response. In addition, we should focus on the dynamic response of
roof surface in low wind speed range for future works.

*1) Graduate Student, Department of Architecture and Building Science, Tohoku University.
Research Fellow of Japan Society for the Promotion of Science.
*2) Professor, Department of Architecture and Building Science, Tohoku University.
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Wind force coefficients for designing curved free roofs

Part1: Cylindrical roofs

Roma Yamamura!

Yuki Takadate?
Yasushi Uematsu®

SYNOPSIS

Wind loads on cylindrical free roofs have been studied in a wind tunnel. The main objective of the present
study is to propose appropriate wind force coefficients for designing the main wind force resisting systems
of the roof considering the dynamic load effect of turbulent winds. Because the rise-to-span ratio f/B is
regarded as the most important parameter, five models with different f/B ratios ranging from 0.1 to 0.5 were
tested. Overall aerodynamic force and moment coefficients were measured with a six-component force
balance. Wind pressures on the top and bottom surfaces of the roof model along representative two lines
(Lines C and E) were measured simultaneously for various wind directions. Wind pressure distribution on
the whole roof was calculated by CFD (computational fluid dynamics) . RANS (Reynolds averaged Navier-
Stokes equations) model was used to calculate the time averaged wind pressure distributions. Assuming that
the roof is rigid and supported by four corner columns, the axial forces induced in the columns supporting
the roof are regarded as the most important load effect for discussing the design wind loads. Based on the
results, wind force coefficients for designing the main wind force resisting systems are proposed. In practice,
the roof is divided into three zones, i.e. windward, central and leeward zones, and constant wind force
coefficients are provided to these zones. Two load cases, which correspond to the maximum tension and
compression induced in the columns, were considered. Finally the results on the maximum and minimum
peak wind force coefficients along Lines C and E are presented, which may present useful information for
discussing the wind loads for the designing of cladding/components.

*1. Graduate Student, Department of Architecture and Building Science, Tohoku University.
*2. Graduate Student, Department of Architecture and Building Science, Tohoku University. Research Fellow of Japan
Society for the Promotion of Science.

*3, Professor, Department of Architecture and Building Science, Tohoku University.
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Wind force coefficients for designing curved free roofs
Part2: Domed roofs
Roma Yamamura

Yasushi Uematsu?

SYNOPSIS

Wind loads on domed free roofs have been studied in a wind tunnel. The objective of the present study is to propose
appropriate wind force coefficients for designing the main wind force resisting systems and the peak wind force coefficients
for designing the cladding and its immediately supporting members. Wind pressures were measured simultaneously at many
taps along a center line both on the top and bottom surfaces of the roof model for various wind directions. Assuming that
the roof is rigid and supported by four corner columns, the axial forces induced in the columns are regarded as the most
important load effect for discussing the wind force coefficients for designing the main wind load resisting systems. Design
wind force coefficients are proposed based on the results. The roof is divided into three zones and the wind force coefficients
are provided for these zones as a function of rise-to-span ratio. The peak wind force coefficients for designing the cladding
and its immediately supporting members are proposed based on the results for the maximum and minimum peak wind force

coefficients irrespective of wind direction.

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

*2  Professor, Department of Architecture and Building Science, Tohoku University

32






MEBEMRR/E 2018IRBLEERTE

U

WF 2 B 3C I 5% 07 1k

95 B SC 75 8 07 1

i X S
& 1 1
it 3C 48 o B A 7 ik

U & 5

RSB S 2 T - HIIC OV T ORI - WL L, RERDOLD, L,

OGS EEEICHBRIE 72 <

ThETRE
SN OB, B, FEME, ILVWANAREVIAENRT O E LET,
HEALAMICT 72 b7 7 MITREZ2ES, HEEHSIC9OHA 3 0H
ETICHIAATLEE N, HRALO b= ICKBLOPEEE R L2kt LET, KHXO
MY 20184 12H140 (&)

PRI MR ISR T DN RN EELZRRCI VAR TV, REZRELET,

B, BEEITLRN, BE - RFORBLHY ETOT,
<TEEw,

COBARETOREERHTLO LIS

HEIT201 993 H (TE)
M EINTCM L OFMEEIFFTOLEA L LETH, BHRImELRELFF>bOL LET,

FRE WIZERT O, B IE ISR O H D AF5EH
FHEFICOABBRALET,
T 105-0001 A HF M X LE 9 1-13-5

Bt K OVBE £ A A SRR A 2 17 72 O fih |

— A EIE AN B G G SRR
E-mail: ronbun@makukouzou. or. jp
Tel (03)3501-3535
Fax (03)3501-3548

— oA H B ANR R R E S



	表紙
	PREFACE
	目次
	第1編 研究論文
	大スパン陸屋根構造物の空力安定性に関する一考察
	曲面屋根を有する独立上屋の設計用風力係数に関する研究_その1円弧型屋根の場合
	曲面屋根を有する独立上屋の設計用風力係数に関する研究_その2ドーム型屋根の場合
	応募規定



