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Aerodynamic admittance of wind loads on rectangular high-rise buildings

CHEN Shuifu, LIU Yi

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract; To investigate the effects of depth-to-width ratio on the aerodynamic admittance of wind loads on
rectangular high-rise buildings, wind tunnel pressure tests for high-rise buildings with depth-to-width ratios of
0.11 — 9 were conducted. Patterns of the aerodynamic admittances for fluctuating wind pressures on each wall and
base drag were investigated under the orthogonal wind direction, which were then compared with quasi-steady
assumption based Vickery’s model and Solari’s model. Closed-form expression for the aerodynamic admittance for
base drag of buildings with different depth-to-width ratios was obtained through fitting analysis. Results show that
when the depth-to-width ratio is lower than 0. 5, the aerodynamic admittances for base drag and fluctuating
pressures on the windward wall are close to Vickery’s model. But as the ratio increases, the decay rate of the
aerodynamic admittance becomes lower, and Vickery’s model and Solari’s model are significantly lower than the
measured values. On the leeward and side walls, due to the effects of body-generated turbulence such as flow
separation, reattachment, and vortex shedding, peaks with different sizes appear at high frequencies of the
aerodynamic admittances for fluctuating pressures, where the varying pattern and magnitudes of Vickery’s model no
longer match. The fitted formula in power function form that obtained in this paper can well predict the aerodynamic
admittance for base drag of rectangular buildings with different depth-to-width ratios.
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Fig.1 Mean velocity profile and turbulence intensity profile
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Fig.3 Plan sketch of the model and layout of pressure taps
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Fig.5 Aerodynamic admittances for fluctuating pressures on the windward wall and comparisons with Vickery’s and Solari’s models
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Fig.8 Aerodynamic admittances for base drag and their fitting curves along with comparisons with Vickery’s and Solari’s models

3.2 SHEMMARR
RRAR IR S, S LA 50 5 44 B
AT
N
(1+0 )
U

H

X'(N) = (6)

K a b H GBI AR S EL R /b — ok
PEATARLRMEAU G, FEAT T 45 TR 58 L 00 T R9S 8,
9 7. PN EIRS RO TIE, "R S a b
(UESUSEW

a = (2)_0‘5, b= 7.5(%).

2 (7)

= (6) AR R3S WL 8, 7] Il
1%36IR 308 Vickery A5 U Fl1 Solari A5 Y B B 4 iy Xof
ANFIGRTE e SR JE I B sl i A T i ik,

TRPLE R R AT H1 1 8 .10 AT UL, X TR 98 FL /)N
JHE it V5 AR P AR o0 BH S 1 T80, bl 1 pRBOAS B 11
SRR, FAE e LA IR T FE 2 0 BB I O 0. Xof
THIE R 1 AR, 20 (6) BA % AR X 5 <
SIFAKT 1S, H i T3 A F AR AR i 4
BV P, T KEBO AR LT 0T L2 X 7E B
10 45 H 2R AR bR 2R TR R LA S 3 A bl I 52 ). 1t
Hb XTSRS, i & 9 (b) 5 E1 8 (f) fir
N, T SERA 2, X (6) B SFAE T T
B X IR B R AE. (RS 2, 5 TR AR A
ST AIRRTE ], AR S5 H 10 2 58 =08 BE A T3
LERIUEVEEs
3.3 WAXKHERMERNH

X (6) AR T 5 (2) 451 1) Von-
Karman QA (5) , AT 3545 @ 555K A bk 3 BH
FEOE



< 84 - 7 - S B N S 4 HS51 G
4 C7VF2 2 ~ 2 2 IquLuH
Sepp = —5 ¢ .S =16 - C,- . — . 8
cF UHz X (f) uH(f) r° X (f) B +70'8(fLuH/UH)2]5/6 (8)
10 B ) S TP 5 2 Ak £ 3 R U i R
i/ h AR IS L s .
o — A a=(DIBY™ Ly i WA R L, RIS RH 1 280 C e P AT AR i
AR MER T RS T 11 5 THRER(8) &
6 T RS s

: ARAT B B B 7 R B, Hoh X S EOmR

0 2 4 6 8
DIB
(@) 248 a
100 [ = —_— N 2 SN
© BN ZIRILSAHN S
— & 6=7.5(D/B) .
30
60
40
20
0 2 4 6 8
DIB
b) =5 b

B9 BRN_FERGEHSH b RELISHLE
Fig.9 Parameters a and b obtained from least squares and
their fitting curves

St‘l'(f' )

ESDU" ™ 3k P HIB 1 R ORI H. &l 11
AL, PAE SRR [ 22 AR/, 20 (8) B4 M vE
M A T EE AR I bk sh B 3% #E BLA BE 3 K 2
R A M3 2545 B R 00 R, T 4% B8 Davenport'™
5 DT T ARG R X B

1.5

S e
—E

. POVeVIRTI

0 0.2 0.4
JBIU,

E 10 ZMHL4rR T D/B=1 WEFREERENSHEH
Fig. 10 Aerodynamic admittance for base drag of building with
D/B =1 under linear coordinates

100 10°
10 2 107
1953
10* 10*
10 10° 10 10°
JBIUy JBIU,
(c) DIB=1 (d) DIB=7

11 BEHERENEUSER

101] 100

2102 2 102
5 )

4 4

1071 ety 10

—HIAE
10° 10° 10° 10°
BIU, BIU,
(a) DIB=0.125 (b) DIB=0.5
Fig. 11

A, i 40 A Tk SR B AR Y
Y977 RS AR R AR AT Al 31 %=X (8) AT AR Y, ol
BAFRHS T B K TR A -

oo = [ Su(F)df 9)

Xt T WIS, A2 K Sl U 28 i iR o34
BEAL) HE IR X 16 A S5 R ) KU 8 Py R 4% Sk
Fifdiit

Fy =CF'O'5Pl7112a CF=EF+gO'CF~ (10)
F T Ik Sl BE s 22 5 AR IR v B A, b i
- g nJHCH 3.

AU A 2R HER 1, LA X A =0

Base drag spectra from fitted aerodynamic admittances

B A SR S BH Oy 2 B 7 iR 2 — P 9 %
g6 12 gt T i (9) THEAS B i 2 J7 AR (E BE TR
Yo HER AR ZR. i P 12 a] DL, TR GE LA/ N
BORATE UL, WA (H S0 A B AW 5 5 (H IR
TLHAT T 0.67 ~ 1 I, A —E M 22 , iX il AE 2
H T ELE O B R e 103 5t 7 5 | A ) AR AR I 2 B
(. SR B S (E RE B A v M X SR R B &
By R AT A

R J T B, SRS AR SOR B SR 5
OS2l AN B R (H py SCHKL L ] Rk AR TR
B HXT 1R 2 A SRR U T R W B S e Y Y
SN E A BT X A SR TOUR S8 U A9 82 i) L, LB AR



512 3

WRoKAR , 45 < REIE o )2 A RO 2803 S I 5 - 85

SRR AL/ WA, AR SCESCHRL 6 - 7 ] 15
LERER L AT TSGR A 2. 2598, 3 T
G o e A v B LU AR /NS 3L, TOUTR S8 U 9 2 Wi AN ]
2, A SCE ) B A S U A —
R2EER, X T UL FEIE e JR A SR, AN SCA Y
BTG 2 3 B R .

041
03 **
S 02 Sl . e .
0.1} \
- i
—— A
0 2 4 6 8

D/IB

E 12 BAPESHSHRENERBNRBIIFTRE
Fig. 12 RMS base drag coefficients calculated from the

fitted aerodynamic admittances
4 & #

ARSI F AR RS, BT T 1E 38 KUk 1R
TFERTELE A 0. 11 ~9 [YRETE i J2  HUA% 37 1 A1 3L S
Jiksh R er 22 10 S sl 2 40, 5 B SClk P AR A T
T HE LA T A T TSR S A
IR s R A A Fak X i DL B gE T
AT T 4518 -

1) S sl 398 7E ARSI B R 3 T 1, Bl e XU %
B8 AT R T R U 2 0. X T XU L A bk s XU
Vickery #5811 Solari 45 74 34 7 — 5 2 i _FARAE T
S FYAME. BEER Y L3, R B T AR A X ) 5
Vol AR 2R, b AR A TR A (3 /N

2) H Bl 25 L BR R E I I 7 4 A ARAS B
FEAE AR R R RZ I, FE U B BE 1Y Viekery
R Yo S50 XU AR XU L ok sh XU S 3l 40
AN B 38 FE . XI5 FL B/ N RS, DRTE TR
JIR T RGN, MRS 149 < 305 0 T g AT A7 7 — 1~ B
B0 s BEVR S L3 K F] 0.5 ~ 1 B, % 4R 6 1k 5] 4
15, 0 KU 1S Bl AN A B A X A S Wt A8 A5 ] X8
BEVR T8 L RS K, T sl I 4h TR, R 06 06 R A
M BE AR B, AT B4 XTI AT 300 25 B S /N 5 b
TR LRI SR, 359 0 85 S A T P B, XL
T I RT3l 5 40 A W 3 O, (HL P T 3 3
Bt 2 T R G AR I8 o0 B AR FH = A T R 1A/ N RUBE i
T W XUTE 55 JRU T 119 A3 3l 5 0 i A X A (ELATS 8%
K.

3) MRS <0. 5 i, BB B S A 8
FYN5 Vickery BRI R $30T . (HRETR 56 HL K,

B SN TE 25 0 DX 170 e D Y N R 2, R (R L
1B KTF Vickery FAUFN Solari A | X 2 iy ! XU 1Al 5
T AU E B ik sl XU 2 ] 52 i S 3500 6k T 58 1
H0.5 ~1 WS, B R )3l S 98 e m AR A7 AR
— I @I I3 7% 7 | 7S ) B AT 0, (B HC T % R i A7
JRTET 55400 JRUTET A S 22 )N

4) AR A I R oR BOE 2 BRI BE  <sh
AR 0L G AT LA A b, PO AR [RT R 9 LU R e 2 2t
FUHEEIERE ) <8l 240

5% ik

[1] HOLMES J D. Wind loading of structures [ M ]. London: Spon
Press,2015:86

[2] DAVENPORT A G. Gust loading factors [ J ]. Journal of the
Structural Division, 1967, 93(3) .11

[3] VICKERY B J. Load fluctuations in turbulent flow[ J]. Journal of
the Engineering Mechanics Division,1968,94 (1) .31

[4] KAREEM A. Synthesis of fluctuating along wind loads on buildings
[J]. Journal of Engineering Mechanics,1986,112(1) :121

[5] SOLARI G. Gust buffeting. I Peak wind velocity and equivalent
pressure[ J ]. Journal of Structural Engineering,1993,119(2) :365

[6] ZHOU Y, KAREEM A. On the aerodynamic admittance functions
of tall buildings[ R]. Notre Dame: NatHaz Modeling Laboratory,
2002

(7] sk, . w2 B AR ) 1 3 < sh e oe [T ] 3 as
Fy24 4% ,2017,38(10) 1102
ZHANG Jianguo, GU Ming. Aerodynamic admittance of along-wind
loads on tall buildings[ J]. Journal of Building Structures,2017,38
(10) :102

[8] Strong winds in the atmosphere boundary layer, Part 1: Mean-
hourly wind speeds; ESDU - 82026 [ S ]. London, U. K. :
Engineering Sciences Data Unit,1982

[9] Characteristics of atmosphere turbulence near the ground, Part II;
Single point data for strong winds ( neutral atmosphere ) : ESDU —
85020[ S]. London, U. K. ;Engineering Sciences Data Unit, 1985

[ 10] Characteristics of atmosphere turbulence near the ground, Part II:
Single point data for strong winds ( neutral atmosphere ) ;: ESDU -
74031[S]. London, U. K. :Engineering Sciences Data Unit,1974

[11]HO T C E, SURRY D, MORRISH D, et al. The UWO contribution
to the NIST aerodynamic database for wind loads on low buildings:
Part 1. Archiving format and basic aerodynamic data[ J]. Journal of
Wind Engineering and Industrial Aerodynamics,2005,93(1) .1

[12]SOLARI G, KAREEM A. On the formulation of ASCE 7 -95 gust
effect factor [ J ]. Journal of Wind Engineering and Industrial
Aerodynamics, 1998 ,77 :673

[13]LIANG S, LIU S, LI Q S, et al. Mathematical model of acrosswind
dynamic loads on rectangular tall buildings [ J ]. Journal of Wind
Engineering and Industrial Aerodynamics, 2002, 90 ( 12/13/14/
15) :1757

[14]LI Q S, MELBOURNE W H. The effect of large-scale turbulence
on pressure fluctuations in separated and reattaching flows [ J].
Journal of Wind Engineering and Industrial Aerodynamics,1999,83
(172/3) :159

(4iE

AT E)



