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Aerodynamic admittance of along—wind loads on tall buildings

ZHANG Jianguo' > GU Ming’
(1. Department of Civil Engineering Xiamen University Xiamen 361005 China;
2. State Key Laboratory for Disaster Reduction in Civil Engineering Tongji University Shanghai 200092 China)

Abstract: Along-wind fluctuating loads on tall buildings are usually obtained by power spectra and coherence functions
of inflow wind velocity based on the quasi steady theory. In this process the aerodynamic admittance of along-wind
loads plays an important role. Ten tall building models with different section shapes were tested using simultaneous
pressure measuring technique in a wind tunnel. According to the test data the power spectra and aerodynamic
admittances of along-wind loads on every layer in the terrain category B and D were analyzed in detail and the fitting
formula of the aerodynamic admittances was proposed. Parameters in this formula were given accordingly. The wind-
induced responses of an actual high—ise building were calculated by the formula given here and random vibration
method based on wind tunnel test data respectively. The results show that the aerodynamic admittances of along-wind
loads on different height of the same tall building have little discrepancy and vary with the section shapes. All of the
aerodynamic admittances satisfy the exponential law and approach 1.0 when the reduced frequency is less than 0. 1.

The response using present aerodynamic admittance agrees well with one from the wind tunnel experiment and the error
is less than 10% .
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Fig.2  Aerodynamic admittances of drag forces on different layers in terrain category B D

104



1 B.D

Table 1 Decaying exponentials of drag forces of model in terrain category B D
Cp,
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
) B 1. 008 1. 624 1.917 2.743 -0.261  -0.565  -0.755 1.259 1.270 1. 190
D 2.449 2.906 3.285 3.110 1.254 0.435 0.911 2.784 2.824 2.571
5 B 0. 871 1.182 1. 665 1.977 -0.496  -0.419  -0.783 0. 864 0. 960 0. 878
D 1. 585 1.915 2.567 2.614 0. 549 0. 689 0. 367 2.041 1. 902 1. 841
3 B 1.043 1. 069 1. 890 2. 064 -0.315 -0.373  -0.421 0.720 0.758 0.786
D 1.279 1.794 2.125 2.526 0.319 0. 091 0.284 1.427 1. 462 1. 469
4 B 1.516 1. 465 1. 844 2.426 -0.013 -0.222 -0.333 0.726 1. 504 1. 009
D 1. 408 1.799 2.029 2.470 0.241  -0.015 0.371 1. 154 1.728 1. 426
s B 1. 544 1. 637 1. 887 2.262 -0.110  -0.298  -0.239 1.143 1. 639 1.377
D 1.619 1. 830 2.028 2.277 0.097  -0.027 0.129 1. 085 1.475 1.316
6 B 1. 641 1. 826 2.070 2.315 -0.212 -0.208 -0.574 1. 147 1. 689 0. 461
D 1.734 1.974 2.241 2.368 0.053 0.037 -0.013 1.078 1. 691 0. 609
; B 1.768 1.983 1.227 2.220 0. 092 -0.277  -0.237  0.986 1.791 0.229
D 1. 650 2.153 1.397 2.237 0.315 -0.091 0. 361 1. 040 1.778 0.244
g B 0. 589 2.194 1. 300 1. 785 —-0.058 -0.239 -0.412 0.748 1.077 0.568
D 0.593 2.248 1.337 1. 870 0.128 0. 100 0.165 0. 905 1.027 0. 698
9 B 0.389 1. 830 0.708 1. 146 -0.205 1.327 -0.504  0.107 0. 459 0.025
D 0. 407 1.759 0. 869 1. 264 —-0.048 1.378 -0.031 0.394 0. 662 0. 066
0 B 0. 142 1.015 0.116 0.443 -0.690  0.356 -1.124 — — —
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Table 2 Geometric and wind characteristics of
a high—ise building

H /m b /m w, /kPa M/(tsm™Y)
B 230 45 0.65 364.5
1.0r
08
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T
041
is £,=0.195 Hz
1 £=0.002
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Fig.4 First mode characteristics of high—rise building

in along-wind direction
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Fig.5 Dynamic peak displacement of high—riese building

in along-wind direction
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Table 3 Dynamic peak displacement at top of
high-rise building in along-mind direction

1 2 3

§, /mm 42.4 63.7 69.8

e /% -39.2 -8.74 0.0

CJa e

0.1
1.0,

10% o

DAVENPORT A G. Gust loading factors J . Journal of
the Structural Division ASCE 1967 93(3):11-34.
HOLMES J D. Wind loading of structures M .2nd ed.
London: Taylor and Francis 2007: 101432.
MASARU M HIROMICHI S. Spanwise coherence
characteristics of surface pressure field on 2D bluff
bodies J . Journal of Wind Engineering and Industrial
Aerodynamics 2003 91( 1/2) : 1554163.

KAWAI H. Pressure fluctuations on square prisms:
applicability of strip and quasi-steady theories J .
Journal of Wind Engineering and
Aerodynamics 1983 13( 1) : 197208.
HUNTJ R C KAWAI H RAMSEY SR et al. A
review of velocity and pressure fluctuations in turbulent
Journal of Wind
Engineering and Industrial Aerodynamics 1990 35( 1/
2/3): 49-85.

Industrial

flows around bluff bodies ]



SIMIU E SCANLAN R.

M . . :
1992: 205218. ( SIMIU E SCANLAN R.
Wind load on structure: introduction of wind
engineering M . Translated by LIU Shangpei XIANG
Haifan ~ XIE Jiming. Shanghai: Tongji University
Press 1992:205-218. ( in Chinese) )
J. 2008 41(11):18=22. (GU

Ming ZHANG Jianguo. Coherence analysis of along—
China Civil
1822. (in

wind loads on high-rise buildings J
Engineering Journal 2008 41 ( 11):
Chinese) )

VICKERY B J. Load fluctuations in turbulent flow J .

Journal of the Engineering Mechanics Division 1968

10

11

94(2): 31-46.

PEIL U BEHRENS M. Aerodynamic admittance
models for buffeting excitation of high and slender
structures ] Journal of Wind Engineering and
Industrial Aerodynamics 2007 95(2): 73-90.
KAREEM A. Synthesis of fluctuating along-wind loads
on buildings J . Journal of Engineering Mechanics

1986 112(1):121425.

. TJ2
I ( ) 1999
27(2): 136440. ( HUANG Peng QUAN Yong GU
Ming. Research of passive simulation method of

atmospheric boundary layer in TJ]2 wind tunnel ] .
Journal of Tongji University ( Natural Science) 1999
27(2) : 136440. ( in Chinese) )

107



