TRG4680034 We.a5.80ad (nweang

ey Ideativauysol

IAsIMs  MINAUUNAUA high frequency force balance LW®

ﬂ’l'ii.l‘i%‘ll"liu:?i"l!!.‘iﬁﬁiluaﬁﬂ’l'ﬁﬂﬂ‘ljﬁuf’)\ﬁlﬂﬂﬂ'Iﬂ13

ganiings lenda lunuisuazuuiianisuiu

lag WAAT GNAY INWIINT LALAMY

AINIRNY 2548




al
D

558

oo o L
512]31“?5]3111]1]7:’7”15!5

1A59M5 MINAUUNANA high frequency force balance IN®

N15Us2INAMIUTIaLaTNITAD U UDIUDIDIATT

=t Y o 9/ s
ganiinis lendd Tuuuisuuaziuliianisuny

a Jd %
Iﬂﬂ Nﬂ.ﬂ'ﬁ.'ﬂq’ﬂﬂﬂ INHBNINT LA

AN 2548



Ty uauh TRG4680034

s IdenTuaNy ol

In5aMs msuauunaia High frequency force balance (W@

N5 IUATNSTIAVUAZAITADUAUDIUDIDIATT

qaniims lenaa lunwasiusazuuaiiandeuruy

=

AMZRITY dafia

= J Q L Y
1. HA.A.QAAS NN U INedona Tu Taouriuag

]

2. WEBATHA AUQUY uMINedena luJaguriuas
3. wenuss Yana unInerdumaluTaduniuas
4. W05 3¥a F0Nnd yn1INedema 1 Taouyiung

5 3851 unile Nayre  aoiuma luladuriaoe

aduayu TasdwinaunesUaiuay UMY

dy =y 1o o
Enuiuluswautiiluvesddide anm. lisuiludeudtudomue'lih



UNAALD

] e
prsgaanelninesnuvunaznead e luilagiy dnezlisnugauazauregauiniy

°y Y ! a o 3 ci‘.’ i as = o
aneaanihihwinuinhemitdeadiwudaaselueda Millieswnnniaunnisisiada

uazraifissvouna TuTainmsdumsosnuuumazminead1s omsgeadslntdinarude

'
= @ Qr

] k4 E b
Suusann Ynezdiszaumsdulnafguusanniiuds daiuludussuveinisesnuuueinis

= yq‘ =1
AINTUATANINY?

.
@ =

@
JoafalnAiszussgTosvoImsnadouLnu§1antodIuDI0INT5 1L

s A o a 4 o 3
qTuaﬂamwaﬁnmwaﬂsx=nu‘umauﬂmmﬂﬂﬂuuﬂuiﬂimsw

o o =
nmsnaasuuuuitaelug lusdanlagds High frequency force balance (HFFB) model tests
& met o a I 1 ] 1 o s =
Guasaldsumssensui  mwsamlade azainsiasuazilizvda aasasuiiain

' @ A = a9 A 1 o 9
ﬂﬂﬂﬂﬂ?ﬁuﬂﬂluﬁﬂﬂ‘ﬁﬂﬁﬂ'ﬁ’uﬂ‘5'I&"}’I“IJT’JJAE‘ILWﬂﬂﬁﬂﬁzﬂ'lﬂ.lﬂ'lﬂ'l'iﬁuulﬂ'l‘llﬂﬁiﬂiﬁﬁﬁ?ﬂﬂ']ﬂ'ﬁ

4
o

e ;& d Hda i 1 3 o ﬂ ] aa &
#3115 HFFB uwﬂuwufjuﬂmmwsﬁmmmz"lﬂwwmwﬂmﬂmx UIATUATTIUITHUI

1

dmsvlFlunisAnuusomansenuvesaniide Insesaferarsluilegiu aasasig

]

© M

FEHZIMAAINAT TH AR UL TANMIMIATaNeWmI5013 HEFB wazsuf ludedidaves

-

Y o o

=Y Y T q' - 4 iy
st laenasa laumwizod1989999100 IWS 09U0IN T UATIEHWANTE NN DININATT

Q’ =y 9 Qr & W ] 3 = o d‘d
Tendrwesa1ns lunwasusazuuriandondu Sainszaeldifalymduemsniisses

§ & ' 7 ¢ d o a ¢ v
Laﬂﬁﬂuﬂiz‘H'J'Nﬂﬂfjfutlﬂﬂ’lﬁll?ﬂilﬁx?ﬂﬁuﬂﬂﬁ‘lﬁﬂ']'INl!mq FAUNINITAUATIEHNANINETU

. . i ' . ie b Y
Flow-structure interaction ‘H?ﬂﬁﬁﬂﬂ’n Aeroclastic effects o Insaai19m1A13

kY ¥
as 3 3

= a =] Y o = ar g a &
udlvsuilldszoznmniaedil i1 Suuaz Wann3s HFFB anoavuaittesnnug

N T e o o - A dg w o o L3
Tnundrdgaade 108 1) Wanglnssiuazmsesfionddydmiumsnageunuudiansly
3 = @ - L ar = o A

gluanaulae3s HEFB 2) Waiuildsunsuneuiumeidmiumsunisideyaielszuna
1 & ¥ o A 3 o o a a

Awmsauazmsdu lnivesInseddia 3) dmsneasuienidesfanassauiliulaia

= daaln ¥ oo é’ = = [

AMUMUIT0ve I sunsunauNuAos T IAWANTY 4) AMINOARTTNMTT VLIV
omsgafilindhdadingldmdsnsgFauazdmdeuiud 5) Anviilszdninmlumsaadd
useanfinszdhinuoimsuazmsdu tniveseins laensilSuuasgisauinayueinsiu

o

a o J e Y a - =
vatwdnuuz 6) AnvmgAnssumsiuussauvesmsgeguidaiiindhdadiuglfimaoy

T
o

= ni:s s ] d'l. E % o ar =]
wiaiflyumnuaziiaslfuusay e ldiiluamedmsunseenuuuuenmiiolivin
mslduiespudiasay 7) AnvwasWenn3ins HFFB ielnsizvviaius sauuay
nsaulvaveserimsgandniilendrlunuasuuazunartandeudu uay 8) Aiiums

o L4 Y o a - o ' o
‘ﬂﬂﬁﬂ‘mm‘uirmmmmﬂuiﬂmmu L'ﬁ'ﬂﬁﬂﬂ?ﬂﬂﬁwaﬂlﬂﬂi3U$laﬂﬁﬂuU‘Jgﬂ'ﬂﬂ‘i‘]‘ﬂﬂutlﬂﬁ'm



wIauazyaguinatsnnuuis FfldemsdunivesnmiuazussidatufuTasaate
mAseléduilunedsdeiios uazegszninnmsaglnvaziBuavesmsTnagima
nseauuazm3du lnivesermisgefiins lendaluwwasuuaziuuafaneusy (Building
with 3-D complex mode shapes) sanﬁam'sﬁﬂy18ﬂ§wammszuztﬁmﬁué‘fsm'jwqag{u%ma
wauazgaguinaIn s fifldensdu niwese1A15NIATFIU CAARC (Commonwealth
Advisory Acronautical Research Council) uazusaiiRniudy Inssadisoratsdand1s Tods
igfifinasemuswaznsdulniveserms 18ud aAnudsssumfvesorns sluuuns
dulmlufianissanvesernsiiszesdoqui iz ingaguinarmiauazyaguinas
aruuds mslendaveserms luuuasuuazsuundandouiu aneasuiirnanisilznzues
au oz l87umsinmeddeiiosae li luowinn

padwi Idnnuiivadesiinaniinaiie sy loni Tasas wensdanuifeasn
wseawiinsziduernsiinis Tenda lunuasiuuazuurSandendu Fsmwrsoriun

o o at Qs 1A
szynd lddmSumsdnuazniseenuuuernisgeais Ivinliginsaneaarilasnssy

A w 3} Y
AuanNgUTou 14

-1t -



Abstract

There is a tremendous growth of taller and more slender buildings to grace the skyline
of major cities all over the world. This is due to the rapid and continuous
development of design and construction technologies. These modern tall and slender
buildings are usually light-weight and less-damped, hence they are likely to have
significant dynamic responses due to wind loadings. A programme of wind tunnel
model tests is frequently integrated into the design process.

Because of the advantages in terms of simplicity for the model construction, less wind
tunnel testing time and flexibility for the data analysis, the high frequency force
balance (HFFB) model test is recently considered to be a cost effective method for
wind tunnel model tests. This technique has become a standard method for the
determination of the wind-induced loads and responses of buildings. During the past
two decades, this technique has been steadily developed to overcome its major
limitations, for example, neglecting the 3-D complex building vibration mode shapes,
which frequently affect the stability and serviceability designs of tall buildings with
eccentricity between centre of mass and centre of stiffness, and the aeroelastic effects.

This research project has spanned for more than two years in order to 1) develop the
necessary experimental apparatus for wind tunnel high frequency force balance
(HFFB) model tests; 2) develop a computer program for the relevant data analysis; 3)
experimentally investigate the validation and limitation of the developed testing
apparatus and analysis program by benchmarking the wind tunnel test results with the
previous published records; 4) experimentally investigate the acrodynamic behaviours
of tall buildings with square and rectangular cross-sections; 5) experimentally
investigate the effects of corner modifications on a reduction of aerodynamic wind
loads and wind-induced responses of buildings; 6) experimentally investigate the
structural wind loads of twin tall buildings with various corner modifications and
provide guidance for the structural design; 7) refine the experimental set up and data
analysis methodology to incorporate the effects of 3-D complex mode shapes on the
building’s structural wind loads and wind-induced responses, ande8) develop a
systematic study to experimentally investigate the effects of eccentricity on the wind
loadings and wind-induced responses of buildings. It is now in the stage, where the
methodologies for the determination of structural wind loads and wind-induced
responses of the building with 3-D complex mode shapes by the HFFB technique are
being summarised. Wind tunnel model tests of the Commonwealth Advisory
Aeronautical Research Council (CAARC) standard tall building 1o investigate the
effects of building eccentricity on the structural wind loads and wind-induced
responses of a tall building have been carried out and the corresponding data analysis,
including finite element models of the building structures, is being conducted. The
results of wind tunnel model tests will be analysed to examine the effects of
eccentricity between centre of mass and centre of stiffness for various wind incident
angles. Parameters such as the building mode shapes and frequencies of vibration
will be estimated for different eccentricity conditions. The effects of eccentricities,
coupling parameters and wind directions on the wind-induced displacement responses
will be presented and discussed. These will be the objectives for the follow up
research.
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The outcomes are expected to be useful for the design of modern tall buildings with
complex geometrical shapes, which are likely to have significant coupling between
translational and torsional motions due to 3-D complex mode shapes.
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