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Lecture 6Lecture 6

BackgroundBackground

�� Building Standard Law of JapanBuilding Standard Law of Japan
(BSLJ)(BSLJ) ------ Minimum building design Minimum building design 

requirementsrequirements
-- completely revised in 2000completely revised in 2000
-- PPerformanceerformance BBased ased DDesignesign (PBD) (PBD) 

�� AIJ Recommendations AIJ Recommendations forfor Loads Loads onon
Buildings (AIJBuildings (AIJ--RLBRLB) ) 19931993
-- to be revised in 2004to be revised in 2004
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Major RevisionsMajor Revisions

�� Introduction of the Introduction of the wind directionalwind directionalityity
factor (8 wind directionfactor (8 wind directionss));;

�� Explicit introduction of Explicit introduction of wind loadwind load
combinationcombinationss;;

�� Correction and addition of topographic Correction and addition of topographic 
effects; effects; 

� Substantial fulfillment of aerodynamic 
shape factors

LowLow--riserise
Small SizeSmall Size MediumMedium--riserise

HighHigh--riserise
SlenderSlender
FlexibleFlexible

Particularly Particularly 
Wind SensitiveWind Sensitive

SimplifiedSimplified
MethodMethod

Detailed MethodDetailed Method -- Crosswind Crosswind 
-- TorsionTorsion

-- VortexVortex
ResonanceResonance

-- AerodynamicAerodynamic
InstabilityInstability-- QuasiQuasi--steadysteady

-- QuasiQuasi--staticstatic
-- Size Reduction EffectsSize Reduction Effects
-- Resonance EffectsResonance Effects -- Wind Tunnel Wind Tunnel 

Tests, etc.Tests, etc.

Buildings and StructuresBuildings and Structures

Wind Load Estimation Wind Load Estimation 
in AIJin AIJ--RLBRLB

-- AlongAlong--wind  wind  -- RoofRoof
-- CladdingCladding

RigidRigid
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Design Wind Speed Design Wind Speed UUH H (m/s)(m/s)

rWHDH kEKUU 0=
UU0   0   : Basic wind speed : Basic wind speed 
KKD   D   : Wind directionality factor : Wind directionality factor 
EEH  H  : Wind speed profile factor: Wind speed profile factor
kkrWrW : Return period conversion factor : Return period conversion factor 

Basic Wind Speed Basic Wind Speed 

�� Meteorological Standard ConditionMeteorological Standard Condition
-- 10min mean10min mean
-- 10m above ground10m above ground
-- Open flat terrainOpen flat terrain
-- 100100--yearyear--recurrencerecurrence

�� Typhoon Winds : MonteTyphoon Winds : Monte--CarloCarlo
SimulationSimulation

�� Synoptic Winds : Meteorological DataSynoptic Winds : Meteorological Data

Combined probability
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Basic Wind Speed Basic Wind Speed UU00 (m/s)(m/s)

Lower Limit: 3030m/s

Orientation of Building and 
Wind Direction

� B = 20m,  D = 40m,  H = 40m

 Maximum 
 Acceleration

 Maximum 
 Displacement 

63%63% 100%100%

50%50% 100%100%
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Wind Wind DDirectionalirectionalityity FFactoractor

�� Davenport (1969) Davenport (1969) 
�� Holmes (1981)Holmes (1981)
�� Cook (1983)Cook (1983)
�� Melbourne (1984, 1990) Melbourne (1984, 1990) 

→→ AS 1170.2 (1989) AS 1170.2 (1989) 
AS/NZS 1170.2 (2002)AS/NZS 1170.2 (2002)

�� SimiuSimiu & & HeckertHeckert (1998) (1998) 

Wind Wind DDirectionalirectionalityity FFactoractor
in Major Codes in Major Codes 

�� ASCE 7ASCE 7--9898
-- Buildings: 0.85 for all directionsBuildings: 0.85 for all directions
Chimneys: 0.9 or 0.95 for all directionsChimneys: 0.9 or 0.95 for all directions

�� AS/NZS1170.2(2002)AS/NZS1170.2(2002)
-- TropicalTropical--cyclonecyclone--prone regions:prone regions:
0.95 or 1.0 for all directions0.95 or 1.0 for all directions

-- NonNon--tropicaltropical--cyclonecyclone--prone regions:prone regions:
Wind Direction Multiplier for 8 sectorsWind Direction Multiplier for 8 sectors

Except for hurricaneExcept for hurricane--prone regionsprone regions
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Wind Wind DDirectionalirectionalityity FFactoractor

�� Difficulty in tropicalDifficulty in tropical--cyclonecyclone--prone prone 
regionsregions
Meteorological records in Japan:Meteorological records in Japan:
-- 75 years of reliable records at most 75 years of reliable records at most 
-- Approx. 3 landfalls/year of typhoonsApprox. 3 landfalls/year of typhoons
-- Very few typhoon data in each sector
divided into 8 or 16 sectors of azimuth
for a given site

Large sampling errorLarge sampling error

Wind Distribution in TyphoonWind Distribution in Typhoon

10m/s10m/s
20m/s20m/s

30m/s30m/s

40m/s40m/s

50m/s50m/s

Dangerous Dangerous 
SemicircleSemicircle

Direction of Direction of 
MovementMovement

Northern HemisphereNorthern Hemisphere
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Wind Directionality Factor Wind Directionality Factor 
in Japanin Japan

�� Hybrid use of meteorological data Hybrid use of meteorological data 
during typhoon passage and Typhoon during typhoon passage and Typhoon 
Simulation techniqueSimulation technique
→→ Reflecting effects of largeReflecting effects of large--scale  scale  

topography and terrain roughness   topography and terrain roughness   
-- Correlations between Correlations between observed wind   observed wind   
speedspeed and simulated and simulated friction free friction free 
wind speed wind speed 

-- Correlations between Correlations between observed wind observed wind 
directiondirection and simulated and simulated friction free friction free 
wind directionwind direction

Generation of Virtual Generation of Virtual 
Meteorological Data in Tropical Meteorological Data in Tropical 

Cyclone Prone RegionCyclone Prone Region

pp44

pp33

pp22
pp

ppii

pp11

Pressure Records at Pressure Records at 
Meteorological StationsMeteorological Stations

Meteorological RecordsMeteorological Records
-- Wind Speed Wind Speed UUMEME
-- Wind Direction Wind Direction DDMEME

CorrelationsCorrelations

Typhoon SimulationTyphoon Simulation
(FFW)(FFW)

Virtual Virtual 
Meteorological DataMeteorological Data

5000 years5000 years 5000 years5000 years

Typhoon PathTyphoon Path

Simulated Friction Free Wind   Simulated Friction Free Wind   
(FFW) (FFW) 
-- Wind Speed Wind Speed UUFFFF-- Wind Direction Wind Direction DDFFFF
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Typhoon SimulationsTyphoon Simulations
(5,000 years)(5,000 years)

MonteMonte--Carlo SimulationCarlo Simulation
at Meteorological Stationat Meteorological Stationss
-- Wind Speed Wind Speed UUSFFSFF
-- Wind Direction Wind Direction DDSFF SFF 

(FFW)(FFW)

Calculation of CorrelationsCalculation of Correlations
Correlations Correlations Between Evaluated Between Evaluated FFW FFW ((UUFFFF, , DDFFFF) ) and and Observed Observed 
Wind Records (Wind Records (UUMEME, , DDMEME)) Using All Available Typhoon RecordsUsing All Available Typhoon Records

Virtual Meteorological Wind Virtual Meteorological Wind 
DataData (5,000 years)(5,000 years)

Probabilistic Conversion Probabilistic Conversion 
of of 

SimulatedSimulated FFFFW (W (UUSFFSFF, , DDSFFSFF) ) 
to to 

Virtual Meteorological Wind Virtual Meteorological Wind 
Data (Data (UUvirvir, , DDvirvir))

Generation of Virtual Generation of Virtual 
Meteorological Data in Tropical Meteorological Data in Tropical 

Cyclone Prone RegionCyclone Prone Region

Evaluation of DirectionalEvaluation of Directional
RR--year Recurrence Wind Speedyear Recurrence Wind Speed

in Tropical Cyclone Prone Regionin Tropical Cyclone Prone Region

Virtual LongVirtual Long--term term 
Meteorological DataMeteorological Data

RR--year Recurrence Wind Speed year Recurrence Wind Speed 
for Each Wind Directionfor Each Wind Direction

Sufficient Wind Records Sufficient Wind Records 
in Each Sectorin Each Sector
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Wind Directionality 
(Tokyo, 100-year Recurrence)

Hybrid Use of Typhoon Simulation and Hybrid Use of Typhoon Simulation and 
Meteorological RecordsMeteorological Records

Equivalent Annual Equivalent Annual 
ExceedenceExceedence Probability of Probability of 

Directional Wind SpeedDirectional Wind Speed

�� Corresponding to an annual Corresponding to an annual 
exceedenceexceedence probability of load effects probability of load effects 
(base shear, base moment, etc.) (base shear, base moment, etc.) 
corresponding to 100corresponding to 100--year recurrenceyear recurrence

�� Under different conditions: Under different conditions: 
-- load effects    load effects    -- building shape building shape 
-- orientation   orientation   -- geographic locationgeographic location
-- design target (design target (structural framesstructural frames, , 
components and claddingcomponents and cladding))
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�� Annual probability of Annual probability of exceedenceexceedence of a of a 
wind load effect = 1wind load effect = 1//100  (100100  (100--year year 
Recurrence)Recurrence)

1.1. Calculation of 100Calculation of 100--year recurrence year recurrence 
wind load effect (e.g. internal force, wind load effect (e.g. internal force, 
peak pressure) based on the actual peak pressure) based on the actual 
wind climate at a given sitewind climate at a given site

← Site, Building Shape, 
Orientation, Load Effect, etc.

Equivalent Directional Equivalent Directional 
Design Wind SpeedDesign Wind Speed UUDD

QQX,100X,100

2.2. Calculation of Calculation of equivalent return equivalent return 
periodperiod causing the same 100causing the same 100--year year 
recurrence wind load effect recurrence wind load effect in the in the 
most unfavorable casemost unfavorable case

Equivalent Directional Equivalent Directional 
Design Wind SpeedDesign Wind Speed UUDD

QQX,100X,100

≈≈ 150 150 –– 200 years200 years
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Equivalent Directional Equivalent Directional 
Design Wind SpeedDesign Wind Speed UUDD

2.2. Calculation of Calculation of equivalent return equivalent return 
periodperiod causing the same 100causing the same 100--year year 
recurrence wind load effect recurrence wind load effect in the in the 
most unfavorable casemost unfavorable case

3.3. Calculation of Calculation of average directional average directional 
wind speedswind speeds UUDD based on the based on the 
equivalent returnequivalent return periodperiod for various for various 
cases at each meteorological sitecases at each meteorological site

Equivalent Directional Equivalent Directional 
Design Wind Speed Design Wind Speed UUDD

(m/s)(m/s)

Ave. Ave. ±± σσ
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Equivalent Directional Equivalent Directional 
Design Wind SpeedsDesign Wind Speeds

ChibaChiba

Wind Directionality Factor Wind Directionality Factor KKDD
(8 azimuths)(8 azimuths)

�� If you have aerodynamic shape factors If you have aerodynamic shape factors 
for all wind directions, for all wind directions, KKDD can be used can be used 
directly.directly.

�� If you use aerodynamic shape factors If you use aerodynamic shape factors 
CCff specified in the AIJspecified in the AIJ--RLB, there is a RLB, there is a 
limitation.  limitation.  
→→ Structural Frames Structural Frames : : Specified Specified 

methodmethod
→→ Cladding/Components : Cladding/Components : KKDD = 1= 1

Equivalent Directional Design Wind SpeedEquivalent Directional Design Wind Speed
KKDD = = ────────────────────────────────

Basic Wind SpeedBasic Wind Speed UU00
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grEEE =
: Exposure factor for flat terrains: Exposure factor for flat terrains

: Topography factor for mean 
wind speed

Wind Speed Profile Factor Wind Speed Profile Factor EE

gE
rE

: Gradient height: Gradient height
: Interfacial layer heightbZ

GZ
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Exposure Factor Exposure Factor 
for Flat Terrains for Flat Terrains EErr
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Exposure Factor Exposure Factor 
for Flat Terrains for Flat Terrains EErr

地表面粗度区分Ⅰ

地表面粗度区分Ⅱ

地表面粗度区分Ⅲ

地表面粗度区分Ⅳ

地表面粗度区分Ⅴ

Category VCategory V
IVIV
IIIIII

IIII II

700700mm

600600

500500

400400

300300

200200

100100

00
00 0.50.5 11 1.51.5 22

ZZ

EErr

VV

IVIV

IIIIII

IIII

II

Topography Factor Topography Factor EEgg

XXSS

θθSS

HHSS

XXSS

θθSS

HHSS

Escarpments

Ridges
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Topography Factor Topography Factor EEgg

U+ΔU

U ΔU

Eg=(U+ΔU)/U

��A series of A series of wind tunnel tests and wind tunnel tests and 
numerical simulations numerical simulations 

: Constants depending 
on slope angle and 
distance from upper 
edge

Topography Factor Topography Factor EEgg

321  and  , CCC
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Topography Factor Topography Factor EEgg

-3 -2 -1 0 1 2 3 4 5 6

Xs/Hs

Eg 10 Proposed FormulaProposed Formula
EEgg

--3      3      --2        2        --1       1       0        1      0        1      2        3     2        3     4       4       5        6 5        6 

S

S

H
X

1 1

Return Period Conversion Return Period Conversion 
Factor Factor kkrWrW

: 500500--yearyear--recurrence wind speed  recurrence wind speed  
for the meteorological standard for the meteorological standard 
conditions conditions 

: Basic wind speed : Basic wind speed 
(100(100--yearyear--recurrence)recurrence)

500U

9.39.2ln)1(62.0 +−−= UUrW rk λλ

0500 UUU =λ

0U
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Lower Limit: 3434m/s

3838
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4242 3636

500500--yearyear--recurrence Wind recurrence Wind 
Speed Speed UU500500 (m/s)(m/s)

Turbulence Intensity Turbulence Intensity IIZZ
at Height at Height ZZ

: Turbulence Intensity for : Turbulence Intensity for 
flat terrainsflat terrains

: Topography factor for : Topography factor for 
turbulence intensityturbulence intensity

rZI

I
gI

g

E
E

E
=

Topography factor for Topography factor for 
fluctuation wind speed fluctuation wind speed σσuu

Topography factor for 
mean wind speed U

gIrZZ EII =
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Turbulence Intensity for Flat Turbulence Intensity for Flat 
Terrains Terrains IIrZrZ at Heightat Height ZZ
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Wind Loads Specified Wind Loads Specified 
in AIJin AIJ--RLBRLB

� For Main FramesFor Main Frames
-- HorizontalHorizontal AlongAlong--wind Loadwind Load

CcrosswindCcrosswind LoadLoad
Torsional LoadTorsional Load

-- Roof Wind LoadRoof Wind Load
�� For Cladding / ComponentsFor Cladding / Components

-- Peak Cladding LoadPeak Cladding Load

AlongAlong--wind Loads on wind Loads on 
Ordinary Buildings Ordinary Buildings WWDD (N) (N) 

at Height at Height ZZ

: Velocity pressure at : Velocity pressure at reference reference 
heightheight HH

: Aerodynamic shape factor: Aerodynamic shape factor
: Gust loading factor: Gust loading factor
: Projected area: Projected area

�� GLF based on Base Bending MomentGLF based on Base Bending Moment
(Zhou & Kareem, 2001)(Zhou & Kareem, 2001)

AGCqW DDHD =
Hq

DC
DG

A
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GLF for AlongGLF for Along--wind Loads wind Loads 
on Ordinary Buildingson Ordinary Buildings

: Peak factor: Peak factor
: Fluctuating and mean     : Fluctuating and mean     
coefficients for alongcoefficients for along--
wind OTMwind OTM

: Correction factor depending : Correction factor depending 
on mode shapeon mode shape

: Resonance factor: Resonance factor

Dg
gg CC  and ′

Dφ

DR

'
21 1g

D D D D
g

C
G g R

C
φ= + +

Wind Loads on Roof Wind Loads on Roof 
Structures Structures WWRR (N)(N)

: Velocity pressure at reference : Velocity pressure at reference 
height height HH

: : 
Aerodynamic shape factorAerodynamic shape factor

: Gust loading factor: Gust loading factor
: Subjected area for roof beam: Subjected area for roof beam

RRRHR AGCqW =
Hq

pipeR CCC −=

RG
RA
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GLF for Wind Loads GLF for Wind Loads 
on Roof Structureson Roof Structures

( )
c

c
R r

rRr
G

−
++

±=
1

3.013.12
1

22
Re Re

( ) 3.013.1225.0 2
Re ++±= ReRrGC RR

( ) 22
Re 3.013.121 cR rRrG ++±= Re

0 ,4.0 ≠−= Rpi CC

0 ,4.0 =−= Rpi CC

0=piC

: : Parameters depending on roof   Parameters depending on roof   
beam direction, dynamic beam direction, dynamic 
characteristics of roof structure, characteristics of roof structure, 
and wind characteristics and wind characteristics 

crRr  and ,  , ReRe

AlongAlong--wind Loads onwind Loads on
Lattice Towers Lattice Towers WWDD (N) (N) 

at Height at Height ZZ

: Velocity pressure at height : Velocity pressure at height ZZ
: Aerodynamic shape factor: Aerodynamic shape factor
: Gust loading factor: Gust loading factor
: Projected area: Projected area

FDDZD AGCqW =
Zq
DC
DG

A
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GLF for AlongGLF for Along--wind Loads wind Loads 
on Lattice Towerson Lattice Towers

: Peak factor: Peak factor
: Fluctuating and mean     : Fluctuating and mean     
coefficients for alongcoefficients for along--
wind OTMwind OTM

: Correction factor depending : Correction factor depending 
on mode shapeon mode shape

: Resonance factor: Resonance factor

Dg
gg CC  and ′

Dφ

DR

DD
g

g
DD R

C
C

gG +
′

+= 11 φ

Crosswind Loads and Crosswind Loads and 
Torsional LoadsTorsional Loads

Slender and flexible buildings Slender and flexible buildings 
to satisfy following condition:to satisfy following condition:

  3≥
BD
H

UUHH

DD
BB

HH
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Crosswind Loads on Crosswind Loads on 
Buildings Buildings WWLL (N) at Height (N) at Height ZZ

LLLLHL Rg
H
ZACqW 213 φ+′=

: Peak factor: Peak factor
: Correction factor for mode shape : Correction factor for mode shape 
: Resonance factor: Resonance factor

Lg
( ) ( ) ( )BDBDBDCL 22.0071.00082.0 23 +−=′

Lφ
LR

Torsional Wind Loads on Torsional Wind Loads on 
Buildings Buildings WWTT (Nm) at Height (Nm) at Height ZZ

: Peak factor: Peak factor
: Correction factor for mode shape : Correction factor for mode shape 
: Resonance factor: Resonance factor

Tg
Tφ
TR

21.8 1T H T T T T
ZW q C AB g R
H

φ′= +

78.02})/(015.00066.0{ BDCT +=′
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Correction Factors Correction Factors 
Depending on Mode Shape Depending on Mode Shape φφ

�� Ordinary buildingsOrdinary buildings

�� Lattice TowersLattice Towers

D
D M

M
β

βφ
+

−
=

2
ln4.01

( )βφ
β

ln4.01
3

1

−⎟
⎠
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−

H
Z

M
M

L
L

( ) )ln4.01(
36

122
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−⎟
⎠
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⎜
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⎛+

=
−

H
Z

I
DBM

T
T

( )　ββφ ln4.014.1)2(3.05.0
5 0

−
⎭
⎬
⎫

⎩
⎨
⎧

+−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

B
B

M
M H

D
D

AlongAlong--wind loadswind loads

Crosswind loadsCrosswind loads

Torsional wind loadsTorsional wind loads

β

µ ⎟
⎠
⎞

⎜
⎝
⎛=

H
Z

Mode shapeMode shape

AlongAlong--wind loadswind loads

Vortex Resonance and Vortex Resonance and 
Aerodynamic InstabilitiesAerodynamic Instabilities

�� Particularly windParticularly wind--sensitive sensitive 
buildings to satisfy following buildings to satisfy following 
conditions:conditions:

: Fundamental natural : Fundamental natural 
frequencies of crosswind               frequencies of crosswind               
vibration and torsional vibrationvibration and torsional vibration

TL ff   , 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
≥≥

≥

** 83.0or    83.0  and

  4

Tcr
T

H
Lcr

L

H U
BDf

UU
BDf

U
BD
H NonNon--dimensional dimensional 

onset velocityonset velocity

UUHH

DD
BB

HH
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NonNon--dimensional dimensional 
Onset Velocity (Crosswind)Onset Velocity (Crosswind)

16δL δL ≤ 0.7D/B≤ 0.8

I & II

11δL > 0.7
1.2δL +7.3All0.8 <D/B≤ 1.5

2.3δL ≤ 0.2
1.5 <D/B≤ 2.5

11D/B>1.2

4.5δL +6.7
All

D/B≤ 0.8III, IV
& V

3.7δL ≤ 0.4D/B > 2.5

120.2<δL ≤ 0.8

0.7δL +8.80.8 <D/B≤ 1.2

Not occurδL > 0.4

15 δLδL > 0.8

Onset Velocity 
U*Lcr

Mass-Damping 
Parameter δL 

Side Ratio
D/B

Terrain 
Category

DD
BB

NonNon--dimensional dimensional 
Onset Velocity (Torsional)Onset Velocity (Torsional)

2δT ≤ 0.05
110.05 <δT ≤ 0.1D/B≤1.5

Not occurδT > 0.1
2δT ≤ 0.05

1.5 <D/B ≤ 2.5

2δT ≤ 0.052.5 <D/B ≤ 5

4 + 8δT0.05 <δT≤ 0.15

5 + 10.5δTδT > 0.05

8.6 + 7.4δTδT > 0.15

Onset Velocity 
U*Tcr

Mass-Damping 
Parameter δT 

Side Ratio
D/B

DD
BB
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Vortex Resonance of Vortex Resonance of 
Circular CylindersCircular Cylinders

�� Buildings with a circular plan Buildings with a circular plan 
to satisfy following conditions:to satisfy following conditions:

: Fundamental natural frequency         : Fundamental natural frequency         
of crosswind vibrationof crosswind vibration

Lf

2.4  and  7 ≥≥
mL

H

m Df
U

D
H UUHH

HHDDmm

Wind Loads on Circular Wind Loads on Circular 
Cylinders Cylinders WWrr (N) for Vortex (N) for Vortex 

Resonance at Height Resonance at Height ZZ

: Resonance wind speed  : Resonance wind speed  
((m/sm/s))

: Equivalent aerodynamic shape: Equivalent aerodynamic shape
factor for vortex resonance factor for vortex resonance 
-- tabulated in AIJtabulated in AIJ--RLB RLB 

: Fundamental natural frequency : Fundamental natural frequency 
of crosswind vibration of crosswind vibration 

mLr DfU 5=

A
H
ZCUW rrr

28.0 ρ=

rC

ZZ

UUHH
HHDDmm

Lf



27

PhasePhase--plane Expressions of plane Expressions of 
Column Tip Displacements Column Tip Displacements 
and Base Bending Moments and Base Bending Moments 

Displacement                Bending MomentDisplacement                Bending Moment

Along-wind FD only
ALL 115%130%

− 0.9  (− 4.36)0.9  (4.36)Torsional Moment MTonly

− 1.8  (− 3.95)1.7  (3.95)Crosswind 
FL only

− 4.1  (− 4.42)4.2  (4.42)Along-wind 
FD only

− 4.7  (− 4.50)5.4  (4.56)ALL :
FD FL FT MD ML MT

Peak Value (P.F.)Peak Value (P.F.)

Compressive 
Stress kN/cm2

Tensile 
Stress  kN/cm2Load Conditions

•• Ensemble averaged values of 12 samplesEnsemble averaged values of 12 samples
•• The worst case was a 75% increase in tensile stress.The worst case was a 75% increase in tensile stress.

(Low(Low--rise Sq. Model, rise Sq. Model, αα =1/4)=1/4)

Peak Normal Stresses in Peak Normal Stresses in 
Column C1Column C1
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CombinationCombinationss of of WWind ind LLoadoad
ComponentComponentss

�� LowLow-- and mediumand medium--rise buildingsrise buildings
-- Y. Tamura, H. Kikuchi and K. Y. Tamura, H. Kikuchi and K. HibiHibi (2002) (2002) 
-- H. Kikuchi, Y. Tamura and K. H. Kikuchi, Y. Tamura and K. HibiHibi (2002)(2002)
Peak normal stresses in columnsPeak normal stresses in columns

�� HighHigh--rise buildingsrise buildings
-- AsamiAsami (2000, 2002)(2000, 2002)
Combination methods considering Combination methods considering 
correlations of alongcorrelations of along--wind, crosswind wind, crosswind 
and torsional responsesand torsional responses

WWDD

WWLC LC = = γγ WWDD

Combination FactorCombination Factor

Wind Load Wind Load CombinationCombination for for 
LowLow-- and Mediumand Medium--rise rise 

BuildingsBuildings
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Column Normal Stress by All Wind Force ComponentsColumn Normal Stress by All Wind Force Components
== Column Normal Stress by AlongColumn Normal Stress by Along--wind Force onlywind Force only

−− 11

CombinationCombination Factor Factor γγ for Lowfor Low--
and Mediumand Medium--rise Buildingsrise Buildings

Combination FactorCombination Factor γγ

CombinationCombination Factor Factor γγ for Lowfor Low--
and Mediumand Medium--rise Buildingsrise Buildings

Only QuasiOnly Quasi--static static 
ComponentComponent
With Resonant With Resonant 
ComponentComponent

C
om

bi
na

tio
n 

Fa
ct

or
C

om
bi

na
tio

n 
Fa

ct
or

  γγ

Building HeightBuilding Height

(Kikuchi, Tamura & (Kikuchi, Tamura & HibiHibi, 2002), 2002)
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or
  γγ

CombinationCombination Factor Factor γγ for Lowfor Low--
and Mediumand Medium--rise Buildingsrise Buildings

(Kikuchi, Tamura & (Kikuchi, Tamura & HibiHibi, 2002), 2002)
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γγ

((HH = 40m)= 40m)

WWDD

WWLL= = γγ WWDD

BB

DD

CombinationCombination Factor Factor γγ for Lowfor Low--
and Mediumand Medium--rise Buildingsrise Buildings

(Kikuchi, Tamura & (Kikuchi, Tamura & HibiHibi, 2002), 2002)
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n 
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γγ

γγ = 0.35 (= 0.35 (D/BD/B))

With Resonant With Resonant 
ComponentComponent
QuasiQuasi--static static 
Component onlyComponent only

((HH = 80m)= 80m)

WWDD

WWLL= = γγ WWDD

BB

DD
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Wind Load Wind Load CombinationCombinations for s for 
HighHigh--rise Buildingsrise Buildings

Design Design 
Points Points 
for for MMx,maxx,max

ρ

max,x

x

m
m

max,y

y

m
m

1

1),( yx MM

122 −+ ρ

0
ρ221 −−

max,xx mM +=

Wind Load Wind Load CombinationCombinations for s for 
HighHigh--rise Buildingsrise Buildings

WTWLWD2

WT

WT

Torsional Load

WLWD3

WLWD1

Crosswind 
Load

Along-wind 
Load

Combination

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

DG
6.04.0

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

DG
6.04.0

4.0

( )122 −+ LTρ

4.0

( )122 −+ LTρ
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Correlation Coefficient Correlation Coefficient ρρLTLTbetween Crosswind Response between Crosswind Response 
and Torsional Responseand Torsional Response

-- tabulated in AIJtabulated in AIJ--RLB RLB 
-- depends upon depends upon D/BD/B

ffθθ / / ffLL

ff11B/UB/UHH

The smaller of The smaller of ffθθ andand ffLL

CombinationCombinationss of of Horizontal Horizontal 
Wind LWind Loadoad and Roof wind and Roof wind 

LoadLoad

�� IIt is recommended to simply t is recommended to simply 
superimpose superimpose the horizontal wind load the horizontal wind load 
and roof windand roof wind load.load.

-- Y. Tamura, H. Kikuchi and K. Y. Tamura, H. Kikuchi and K. HibiHibi (2003)(2003)
The vertical component of the wind The vertical component of the wind 
force acting on mediumforce acting on medium--rise buildings rise buildings 
tended to become largest when one of tended to become largest when one of 
the horizontal wind force components the horizontal wind force components 
reached its maximum valuereached its maximum value ..
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Wind LoadsWind Loads for for CComponents omponents 
and and CCladdingladding WWRR (N) (N) 

CCHC ACqW ˆ=
*ˆˆ
pipeC CCC −=

: Peak external pressure coefficient: Peak external pressure coefficient
*
piC : Coefficient accounting for the : Coefficient accounting for the 

effect of the internal pressure effect of the internal pressure 
fluctuation fluctuation 

A : Tributary area: Tributary area

peĈ

Equivalent internal Equivalent internal 
pressure coefficientpressure coefficient

Aerodynamic Shape FactorsAerodynamic Shape Factors

�� External wind pressure coefficientsExternal wind pressure coefficients
for structural frames:for structural frames:

-- Buildings with rectangular sections (Buildings with rectangular sections (HH>>45m) 45m) 
-- BBuildings with rectangular sectionsuildings with rectangular sections with flat, with flat, 
shed, or gable roofs shed, or gable roofs ((HH≤≤45m)45m)

-- Circular arc roofs (Circular arc roofs (HH≤≤45m)45m)
-- Dome roofsDome roofs
�� Internal wind pressure coefficientsInternal wind pressure coefficients

for structural framesfor structural frames
-- Buildings without dominant openings Buildings without dominant openings 

peC

piC
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�� External wind force coefficients External wind force coefficients 
for structural frames:for structural frames:

-- Buildings with circular sectionsBuildings with circular sections
-- Pitched free roofs with a rectangular planPitched free roofs with a rectangular plan
-- Lattice structuresLattice structures
-- FencesFences
-- Members with various sectionsMembers with various sections
-- NettingsNettings

YXD CCC  ,  , 

Aerodynamic Shape FactorsAerodynamic Shape Factors

�� External peak pressure coefficientsExternal peak pressure coefficients
for cladding and components:for cladding and components:

-- Buildings with rectangular sections (Buildings with rectangular sections (HH>>45m) 45m) 
-- BBuildings with rectangular sectionsuildings with rectangular sections with flat, with flat, 
shed, or gable roofs shed, or gable roofs ((HH≤≤45m)45m)

-- Buildings with circular sectionsBuildings with circular sections
-- Circular arc roofs (Circular arc roofs (HH≤≤45m)45m)
-- Dome roofsDome roofs
�� Coefficients accounting for the effect of Coefficients accounting for the effect of 

the internal pressure fluctuationthe internal pressure fluctuation for for 
cladding and componentscladding and components

-- Buildings without dominant openings Buildings without dominant openings 

peĈ

*
piC

Aerodynamic Shape FactorsAerodynamic Shape Factors
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�� External peak wind force coefficientsExternal peak wind force coefficients
for cladding and components:for cladding and components:

-- Pitched free roofs with a rectangular plan Pitched free roofs with a rectangular plan CĈ

Aerodynamic Shape FactorsAerodynamic Shape Factors

11--yearyear--recurrence Wind recurrence Wind 
Speed Speed UU1 1 ((m/sm/s))

�� AIJ AIJ Guidelines for the Evaluation of Guidelines for the Evaluation of 
Habitability to Building Vibration (1991)Habitability to Building Vibration (1991)

(Its revised version will be published in 2004)(Its revised version will be published in 2004)

-- 11--yearyear--recurrence peak acceleration has recurrence peak acceleration has 
been applied for the evaluationbeen applied for the evaluation
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11--yearyear--recurrence Wind recurrence Wind 
Speed Speed UU1 1 ((m/sm/s))

20

20

20

15

2020

2020

2020

2020

2020

2020
1515

1515

�� 10min mean10min mean
�� Flat open categoryFlat open category
�� 10m above the ground10m above the ground

MiscellaneousMiscellaneous

�� Evaluation formulae for alongEvaluation formulae for along--wind, wind, 
crosswind and torsional acceleration crosswind and torsional acceleration 
responsesresponses

�� Interference effects of neighboring Interference effects of neighboring 
buildingsbuildings

�� Uncertainty and dispersion of Uncertainty and dispersion of 
parameters included in AIJparameters included in AIJ--RLBRLB--2004 2004 
-- to achieve reliability based designto achieve reliability based design


