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Abstract

Keywords : high rise building, wind tunnel experiment, ridge aeroelastic

model, aeroelastic phenomenon

Introduction

According to the “Provisions and Commentary on Wind Loads of the
Building “ issued in January 2007, wind forces and wind pressure coefficients in
the code are mostly based on the wind tunnel experimental data of single and
regular shaped buildings. The likely aeroelastic phenomena are not considered.
However, for the following situations: irregular shapes of buildings, close lateral
periods and the torsional periods, buildings influenced by the nearby terrains or
structures, possible occurrences of vortex resonance, locking or other
aerodynamic instability, wind tunnel tests need to be carried out. Accordingly, the
test results should be adopted as the design wind force.

From previous researches, though flexible aeroelastic models can reflect the
real dynamic behaviors of buildings more accurately, under certain durable ranges,
rigid aeroelastic models are often employed to avoid the difficulty of model

fabrications.

Method

To study the behavior of dual high rise building in an open flat terrain, a rigid
aeroelastic model with a square cross section is employed. The influences from
upstream prism flow field make the deflection of downstream prism from wind
force are disused. The various physical characteristics of the model are applied to
investigate the aeroelastic behaviors and the interlocking effects. Meanwhile, a
numerical simulation is also held. By comparing and verifying both analytical and

experimental results, a more thorough and complete dynamic information for
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further detail analysis is provided.
Conclusion

The wind effects of downstream building under dual prisms arrangement
using a ridge aeroelastic model are investigated in this study. The wind force of
aerodynamic model is measured simultaneously. Changing the distances between
dual prisms, the characteristic of structural response and aerodynamic damping
are observed. Some conclusions from this research are:

(1) When the arrangement of dual prisms is in the stable area, the response of
downstream prism rends to steady. Otherwise, the response and the
aerodynamic damping illustrate the divergence behavior in the divergence
area.

(2) Under the dual prisms case, the arrangement position and Scruton number
affect the state and the response of downstream prism respectively.

(3) The resonance velocity increases with the ratio of distance between two
prisms. The lower effect with far distance of two prisms and the response
characteristic of downstream prism is similar with single prism case.

(4) To estimate the structural dynamic response by wind force from the
experiment of aerodynamic model, there is the underestimating situation at
the resonance range. There is certain confidence in the predict method with
aerodynamic damping formula applies on the across wind response at
y/D=0 arrangements. The prediction of single prism has high accuracy, but

the prediction of dual prisms is overestimating at the resonance range.

Suggestion

(1) Some arrangement case can add the high reduce velocity to show the
complete tendency of response root mean square and aerodynamic
damping.

(2) To illustrate root mean square of response and aerodynamic damping trends

X
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completely, adding experimental velocity at portion of cases should be
adopted.

(3) Exploring the suitable regression formulas for aerodynamic damping at
different positions, substituting the formulas into the predicting method of
across wind response to satisfy the integrity as this study.

(4) Increasing several different Scruton number cases can intensify the integrity
as this study to generalize identical characteristic.

(5) To investigate the interaction between aeroelastic model of dual prisms and
flow field deeply, the flow visualization can be adopted in the future.

(6) The predicting method should apply to all arrangements; furthermore, the
applicability of prediction method for along wind response should be
investigated.

(7) The torsional motion can be added on the aeroelastic model besides two
degree of freedom motion to discuss the effect of torsional couple.

(8) Referring to the characteristics of existing buildings base on the ridge
aeroelastic model, the feasibility of flexible model with multi-mode should

be studied further.
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(2) ¥ #F (logarithmic law) :
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HAEH b @ e E o
%~ ¥ it & B & (Length scales of turbulence)
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o, =1-F7 ; E=—2

B 2mw
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fE o
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Harehd pt) VAZ Y LSl B R AfES A, g
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X(@) = P(@)x H(w) (2-9)
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wx A b
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z(t)(generalized coordinate) % -+ :

v(y,0) = () x z(2) (2-12)

Al ez Hpd RiEd S 450 5 0

m' () + ¢ 2(t) + K z(H) = p’(t) (2-13)

m' = [ m()¢ (y)dy

* l 2 - ~ 2 2 ~ —
=[Py R E AR R B R B - R AR

¢ =2m QR f)E o

* ! " AR By, e 0 [ 22
k=LHWMHwﬂ@@ﬂ%&$ﬁﬁ&9¢’wéﬁ%°a¢uwﬁ

F k=) m A2 o

P’ =, py.0p(y)dy

AR SHERS FRE MR D TR DS F o # R
FepF ondde TLERR > RFFRI)GuER > FRE 80 A F2

11



R TR Sl Xty

%% > Scruton number(mass-damping-parameter ; reduced damping) 4 7 2 4 i

# F Jserg: 88 o Scruton number ¥_& 4o

Ser = — m o (2-14)
[ ¢ dy PP

FPom G- FR G p, SR F RA S E SRR A E RHR
DS BHETAREAER) h s BHEFA -

FFES R RER

g 7 %‘*#—'ggjﬂgf" ke d P iaanEss S 2N F 4o ?ﬁ’—E-_ SRR E T
BAE S B B AR M 5 0 20T 5 A £ R URCR S licke

(1) & ##(Reynolds Number > Re)
Re=pUD/p X814 B 3EF 4 a0t d o g b F F SReDT HEAE
Biph @ e g ? £ 3 8@ 8 a i g F
BB § e X b R chifF it o
(2) %A
PP (P s SHTFRRA S p, 527 FERA)LBRE T § PR
W -3 EZHA O BAENE 150kg/m>-250kg/m’ 2. ¥ -
(3) Fe Rt
E=(FHREEP PR BYEREZ QN B) o LR 2 B L T4 2
PRITFFF R ARE R FBREAR BT L R R R SRR L 2
A2ZPEAEWHL 2% HEHL 1%-
(4) 381+ 78 (& £ Cauchy number)
E/pU?=(B 48B4 )(z F 424 ) e 387 d ¢ FAE(D/U- f 3%
R AP 20 4 AU TR 2 A AT 2 BT 2
ke
(5) £ 4 7 (% Froude number)

U?/gD=(i Mg 24 (£ 4) « BE RS T R RE > » 5 Rlv
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B0 XA REA DR BT LGS A PR IRE SRR

% - § % 4 1= & (aerodynamic damping)

He g F S R e ARe ) HEMPE R SRR g8 e
Rt eniige c JOMIE R R RHRIER T R %5 2 JF Y B ERR
PR EREAVRIG S F2 A4 oa B4 b RECTE IR 4 AR g
W SR 7 %?7}4—5’,\2 THEA G o FEEFHESRGE T LF S
AR EE A L o§ B ;J’)i(aerodynamw stlffness) LS RN
Pl S84 Rz H353 RE 2§ # 4 b BRI HE =
I fE - F,i%,’_ s RN A R R WL F E?P“’%ﬁm,spé%* FE R L o

(aerodynamic mass) °
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FZF CRTAR

FTHBEZAZRAFAT P W IR FBRAREKRLSLEZ D E oalF
BLIG 2 M F BT Y > Gy A ]%L # #1571 (flexible aeroelastic model) st
{EmPFPREFEAZELGT L > RFFDFEFIPN SR IET S ith
Bt % 384 $7(rigid aeroelastic model):& 7 4 47 > 12§74 G B /T R

PRZFIEE > T 2R & G RS R L A SR PR o KRR E
BRI h e A2 b ESRAT L iAot

BHRPRR AL FARTT 24 R PR L A FRAERZ P
P FHRAORFRIERTL LR S HPRERE » BB F P Hox o 2
P o RO RN SRS R IO TR R o
T I % (lock-in) 2 # b v =452 #h 4 FF 3 F84]¢ £ & chg B4 s o

;‘f&'%’{f& N A IR % g i%fﬁl’iﬁ«ﬁ’ Kh X REFZAEE &
MBI L 2 MRS RO A § TP R A % oo SR A
210 nmE S f s kAR @26t B 0.1 2 03~ B A G15% T
oo Kawai[8]P M -8 % P #F I > P H Ak h w2 0 T RFI2Z %% -
Vickery £ Steckley[16]3™ K it b & 21| @ ipdkcs 0.112 - FHRPB R 5 133
PR 5 0.5%h RSP - FIRT RN B AT Matsumot0[12]
R R s 4 2B S AR D 0 2053 FTURE M b @36 dpdic
»wﬁozﬁa4§;@xw&%hﬂﬂ,K¢W%w+%10m%ﬁg@i
ERTs I a enp @7&‘)%3‘71 7 % (self-excited) ; @ %8 S%*f#]‘f‘_fu S B ERRAET 0 f
FAFAF SRR oo g0 Kawaill7[p 80 0 B B0t 5 10 0 38355
N, 2B 4 ,.‘:‘F—H#J‘_E‘_}’u s B LI3%PF 0 I R ATid 2 kB Kwok £
Melbourne[13] 7™ 45 41 » F Bvt 5 O eh3 L a3 B Rd o F R AL &
0.25%r2 + prif 4 2 IR 2 o

Cheng[18] F FW A 785> 132 px F F R A7 4 84 b
TRk EERAT MR B GELF 3-2) §Scr] 3t 218 pF 0 A AR
RGNy NIREFOR R B AR G £ H 2 aykin s f i 6
FER T E P iE 2 (5 MAF A B 5 F Ser/idt 276 ¥ 5.82 2 B pE s P
NIFEIE A LG ARG f EF B S LR R IR 3 ke B B A F Scr
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fa g
(1) # #
2)  #

moo

(3) # % #z(acrodynamic divergence) @ & %775 &
TR R B R B AR 3-3) 0 T
Er R A SRR bR JRh E TR 2

FAA R AREI R4

£ ¥_(acrodynamic stable) :
2 ¥_(acrodynamic unstable) @ & % L 3T 2.76=Scr=5.82 % &

>
»

Iy

s

=%

|\

o AFY ¢ 4

g g PE 5 & Scruton number ¥ i 0 T 3

S TRV

AT B # Ser=6.28 % & o

Scr=2.18 % B p o
Fl < e F SR 5 R BRI AT
FHA TG TR

RHEFE ALY L E

(a) # P48 %
1040 T I
o nme ] O :measared ]
033 E - - :prediction based on force spaca E
0.030 E — : gerodynsmic damping incorporated in prediction model E &
""2'_5 _: _: 'E' - %\.
R ] #r., ] ?dl" ] 4‘-]',
2 ] b, ] | ra\ ] { o'
=, ‘2o . e | % E | 5 e -
[ ] ] | ‘L ] il N, ] ql -
1015 3 ~ E 1:2- A 3 i -
] ;. - ] o %GQOD ] g 1 9 50 0
0010 gz 1000 4 o 3 i 8o ] :#
::us—f - ’ﬁ - ‘ aj -
3 j Mz =002 3 Mp=502 3 My =681 ] Mg =6.28
200 =y U B U B | L L B T R T
3 Ja] 13 3 0 5 S 10 15 3 10 15 a
(a) wifD (b uifD (c) ulfD (d) UsfD
A= s 32
(b) # &7 &<
012 - - -
0.11 o - messurad E
010 4 - - :prediction based on force spectra E
p.oo 3 — :aerodynamic damping incorporatad i prediction model _ II ?
0.08 3 3 3 % E o
o 007 3 ER E i e
< 005 J R ERL i ¢
© nos 4 3 I| "# E b E [ r\é:
E E o E )
0.04 & 3 ¢, 4 3 1 \%11 3 P
0.0z 4 A 3 Ir ™ - e - o
& ] %D 3 =N P
0.02 4 / %e_ 3 & E @ E : e
0.0 °9 ] 3 $ E
o Mp=5.82 ] 5‘? Mn=¢11_5¢eﬂ? M, =348 3 Mp=2.76
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3 10 13 3 10 3 3 10 15 3 10 3 20
(z) UifD ) UifD () UisD (d) UifD

(o) F 34T
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05 - - pradiction based on force specitra o] o l.'?
. ] o ] o ‘55?
04 J M =218 I M, =154 Im,=118 © JM_ =088 o JM,=059
- ] ] o o 1 &
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& 1 ‘59‘?:: ] 8§ ] s ]
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(a) uifo (k) Ui/fD (il UifD {d}y UifD (e} uifD

B3-2 L p )
T4 %k : Cheng[18]

RTEIE o E

0.10

E ] E| E|
0.02 B Ib 3 o measured
o.08 3 C7 o3 - - prediction based on force specira
_ é ! Il.l — :serodvnamic damping incorporated in pradiction model
. | ; :
0.06 3 J E E E
o ] , E E
= 0057 " 3 E g
] | E E
© 04 3 ¢ ® r r E
] I E E
0.03 ) 3 3 590 4 -
] . f ] ] x_g;oﬁﬁ
0.0z . E E E
00 e
B I M, =0.26 M, =4.01 M, =5.65
L o e e o LA e e e e s e LB e e
g 10 15 S 10 15 3 10 15 3 0 15 20
(a) UifD () Uifo (c) UifD (d) Uifo

WI3-3 17 4 RRINE B35 1IH

T4 %k ¢ Cheng[18]

) x

=~ F

P [19] 4] * Bl i) e R R KRR P s FHEAR S
B BRI A G R BT ERDEC F B LR BAE A il B
ARRN R GERAY F B CBF e d S H 2% 2 Cheng[18]F B4 F%HE

iE
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Roughness 1
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RRE _ ERE
bt
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Fl4-4 487538 in 45 7 2, Bl
TR AR Ao R
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(FtafE - duEEFE80cm)

/ Roughness 2

FI4-5 T 32 4 R e B (3 % 0)
FR&R: k2
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Fl4-6 & iF 2 Sepe ¥ W4T FORRCAIR

FHER D AT

AR S 3 7

*F BB E 2] e Bp %o # s (Hot Wire)df 44 fie & |508 ik ik (Constant
Temperature Anemometer; DANTEC 9090N10101):& 7 & /B|(4- 5] 4-8~ B] 4-9) -
AgEh @R BN AEE (R 4-10)F & F 8R4 32 (VALIDYNE
Differential Pressure Transducer ; DP103)® jp] » #7# * 2. £ Pl & 4 o 4o ¢
(D) b i& 35

Ak E2 e ok FER L o AF % ® * DANTECZ #4 /% i# & (constant
temperature anemometer > 4] 4-8 ~ §] 4-9) o B ARIF L * BhofpdE > £ £
RIRE R 2 o

F4-8 # R iF 4+ B14-9 # HP)iF &
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RN T

2Ap
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v R R L RN R A B (very-low pressure
transducer * VALIDYNE DP103-18 > % % [ 4-11) > £33 5 HZ & k&

PR G- BT oy % Fm@*%§$ﬂ$ E ¥, R AL T
B find g BF T RE o R4 M B L E F (pitot tube)
@E CFTET LR RIAETIEER o

RS R EF R ERS BTN NDRT LS DR
PR H R TR B I R4 R 3?(DPI610)3$:}£-6 e R
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B4-13 B{1E 7 |4 53R+
TR AR k2 R

(2) ik 5 s
*F B A A xE i - BhR % Si(gimble) o xﬁ;ﬂg{_mﬁ/ﬁ b R R
dOR s BAEES B2 6 49T * (4o 3-8) o
() A NP R
oAl 2 clicsg Ao ik & B0 SR T BB AM T 2 A B B h
A pht o BB AT EE (4cR] 4-15) 1;%‘55_%2 B EERETEAS
B AER o B R 5 2 LR o
(4) Fiptr e v
BHd e R SRR G AR IR (viscous damping) o A F B ¢ PR R SRR
B RS BAI AR RN - FEA 8 SRR ¥ R 2 (4o )
4-15) > MUE TR i Sk o
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B4-14 Hh-K & b 4-15BE g1 R b 8

FR &R &2 F2

(5) =4 F 2 &R

%*ﬁﬂ%ﬁ&@iaﬁﬁ@€m%a’ﬁ%ﬁﬂ@mﬁ@ﬁg@ﬁ@
iﬁﬁﬁﬂ°ﬂﬁ’%ﬂ*%fﬁﬁ@ CE R AR RR-HA TR D
P2t BB T E  E AR

NG TR 20 F B3t thd F Btik(laser head 5 B 4-16)7 F stir
% (controller ; B 4-17)ke= » H £pl2 J 2cf B 5 6.5 24 1 9.5 248 o T 4
kd FHBAFHIFHFEL  JFFEFSPREDT L > 7 I RFEFT HEFLR
Jetr 2 BEHE(S % B 2 5 1 Voltdp &>t 1 om) o

®4-16 7 543k B4-17 T Sti=d] B
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B> BB 7P 4232 BAEY - A EEBHEBAE I L 100 kHz > £ 5 16-bit
2_j245 B o # &2 B (accuracy) ® i 0.02% o Hcix it LB & 3 32 MS/sehig
BiEdUSBAas B3 T % FFHEsENIEY -
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BRB R AN aE R P ) Tl (data flow) LA K § IRARS (7 en
AR o A A DR AR B BRI ~ B 1T E B 4] E R
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FAEA GBI REEF Y

2 4R
- A

A AT * e A~ 4 T 7tk (high frequency six-component force
balance)4r® 4-20%77% » 7 1% %R (strain gage) -4 M 7% 2+t 4 &
BALR - FREEFHAZALIAT LS A4 TFROEEEL (4o B
4-22)> BB AR IRMA A 5 A2 $A% L B & FHATRL 2 b
PR RFREIRRE ] BRI AL TR E > B ST
< |k 4 (along-wind force; F,) ~ f b # # (across-wind force ;
F,)~%&3 % 4 (vertical force; F,)~ "8k & 4 E(Fy, ) Kk = 4 E(F), )
z

)~ &
i oA E(F, ) &5 %4 24 amicl 4-22477 > 4 ABS b 0 e 2

Bl4-22 7 # 4 HA %% 7 3 W W4-23 §F &4 #3244 2K
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AT F A AR R AR H R R ) s BB AR SR
o TR FABE R FEE AL R B AR AR LT R
B o

BB
AERARRTHBHED BB HEALFIL > L3R B2 Sox
(i 33*9:?:3.“,/]6 EIRHCA 2 R TS SRR 0 e R - AT
B g I Ay 2 By B4 BOAE R HOG S S R (2-14)58 3
599 Ser @ AT RBE S S R e 2 LT PR R R
FAG I IHEY 09 kT  HEEmE L HERFREFLTE -

i\‘ ~ ‘3;.": ﬁ_ﬁﬁ _:'_%(
B A B A AR R 6 - AR E g
dgRE 0 XY F SRR e R e S B I E R
BF R H R E BT S 0 T LS p BRI o

o~ R

B2 L R * pod PR d iR (logarithmic decrement)
A ER(ERR)E A2 RE
(1) o2
£ i B e 5 0% B F (rate of decay 5 8y)fs » T N iE - B AR

P
R Lyl R YD e AEHRE R

2
5}):11’1&:L§
Vi G 1=€°

LR AR NE LNA

(2) F K2
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Ffi > H- S5 L Fek(half-power point) » & FE R LT o L T REY 2
frimh
g=L"N (4-3)
Lt

~

# - Scruton number i+ &

~#7 3 Scruton numberZ_ j&- > 3% 4o @] 4-24 97 0 ] * & ook 4 FE AT
A0 005 BRir S Y B 6 ff £ (mass moment of inertia) o ¥ & - ¥ 3

o

L]
BB R R - AR ‘J’f#$)§ VHEFA S e - A7do =B @D pd

P33 K%‘F&E’J'Jx#i s %’F‘ld k2 fﬁiwlﬁk‘/z‘ e ﬁ/z ERIFE R v B
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A,

A

iEIHJ Scruton number
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W4-24 B 125 5 AL

FR &R A2 F2

FE® &L
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= g
X:kg?Lxcwz (4-13)

He X(O) 523 40k e o
(2) % B #c(variance)

N .
@_kg;LLng—Xhﬁ (4-14)
(3) p 4p B I Bc(autocorrelation function)
_ Lgr
R4n=hm?anmm+nm (4-15)

HY 7 SR (tine lag) o

(4) #c #% % B 3 He(power spectral density function)
1 ° —iot
S(@)=—[ R.(r)e™dz (4-16)
27 o=
(5) < 1p B 30 Be(cross correlation function)

&muﬁmm%fmeN+nm (4-17)

Fr & Bt L

HE e AR TR T T R PR R B R - BT R
37 TV RS BRI AR E 2 B B2 A#H o A SERIF
ARl XA SERRERRE R T E S FHRESCHAITREEE
o2 F B pE Rt o

EEXERSD R RFHZ VM Y ARETELSFI93 S ki
SAMakRT > HE D R Eei@H S 2N AT Ao
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1 1 1

He s ] L #f £ (mass moment of inertia) ; F,, #4874 & > &+ “,f

7~

120.5pU;D*h & {7 & F]= v
16 5 mh*® ] 2 m h2 oD*
0.5pU:.Dh 3 |\ pUuiDh) 3\ pD?h U,
I cO _4( ¢ m HD h?
: 2127 2 2 N2
0.5pU2D*h 3\ 21w \ pD*h Ub U, \D

2 2, 2 P
IH.——f%77=2ﬁj H2 —f}-9=3‘”€ ﬁ7 - _lo
0.5pUD%h  \I)\302 \ pDn )"~ 3\ U2 |\ D> \ pD*h

RS I AU ENE S L

.

5 — X' :9
®» Ug ® U %
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I oDl 0.5pU2Dh
tUu U
H:ﬁ T:—O U},:_O
D D wD

A7

F-T~ T~ T 5N & w (4-11)58 7 (7

2mﬁﬂ¢+4S [ﬂ¢+2ﬂlf1¢ 3C,, (4-19)
U, U’

F1#* (4-19)5% 3 % S 4vig & 39 ff 4 2 (step-by-step integration) K f# -
REAR AT BPETH R OALETE 2 R T  f250 0 B R
RREEL SRR i S R R ks R aniT
WF o ARERE AT REERZ BT LT - TR R A E R ¥R

LS AR A AT o
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