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Tab.1 Empirical formula of typical torsional coherence function
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Tab.2 Parameters of experiment models

e 7ESit WRILLL PHEITNONERS) M
Ol 1/9.0,9.0 1’3’5’;:223‘;12’10’ 616
01,02,S81,82  1/8.0,8.0 ! ’3’58’,76’,94’,]21 -10, 588
0Ol 1/7.0,70 1,3,5,7,9,10,8,6,4,2 560
0Ol 1/6.0,6.0 1,3,5,7,10,8,6,4,2 532
01,02,81,82  1/5.0,5.0 1,3,5,7,8,6,4,2 504
0Ol 1/4.0,4.0 1,3,5,7,6,4,2 420
01,02,81,S2  1/3.0,3.0 1,3,5,6,4,2 336
0Ol 1/2.5,2.5 1,3,5,4,2 294
01,02,81,S82  1/2.0,2.0 1,3,5,2 252
0Ol 1/1.5,1.5 1,4,2 210
01,02,S81,82 1.0 1,2 168

4 REREEIERA
Fig. 4 Wind tunnel test photos

2 Bk Rfard s E AR K 1t oA

2.1 HEXEHFHE

T 10 Dk S XA B DGRBS o (202,) H -
cov( Fr(z;), Fr(z;)

fcor(zivzj): (a(zi)o(zj) ’ )

i, Frz) B Fr(z) 53 508 2, R0 2, g B A 1 I s 241 5%
68l J1, 0(z,) Tl a(z;) 7390 K Fr(z) i Fi(z) B b5 ifE
7, cov N JT 2 R%k.

O1 K7 I 1 2% 101 ik 8h X\ A 8 4H OC R Ean 181 5 B
7 o F LS AT L 1) ok 20 XA 2k 6 R 8037 3 SRR
T HRIIN )2 5 22 Az (Az=|z 2 ) 500 o WA U A2 o 2
B AH G R EEA AR HOE . 2 D/B1.0 B, T
FUIF I RBERK T 0, HHC R BOE I R FEVR TE LY
KM K, X T RESE R R - 24 D/B<1.0 B, it 5 A SRR 5
FEIE, 5 XU T8 B2 a0/, M0 XU 52 383 IR Tl 3 f 1
PO, PR G855 5 24 D/B>1.0 I, #H5C R BCE
PRARBETR SE LI TIN5 55 R BUAEM 2 25K
LB AR B IR, IO R N R R TE L
B M XU SR, AR BT 243 125 1) S 2 TE
IR FEERR I G s e i ) PRI ) AR T4
BRI TEANREE RGP | S 2 o) bk 5 XA
B DG R E B W KT D/B<1.0 1 00 Btk
KECE I3 B4 1 1)1.0<D/B<3.0, 416 R B HE
PEREAARAE ;2)3.0<D/B<5.0, B HUEZ I K 53)5.0<D/
B<9.0, B Hi N o X S2: RA RETE 2= A P
K 85T 3330 XU T8 1), TR AR T MG
FRE B, RS S AR R A TR .

(5)




182 TREREESHEAR %57 %
m D/B=1/9.0 ™ D/B=1/6.0 D/B=1/3.0  ®D/B=1/15 O D/B=15 DI/B=2.0 D/B=2.5 = D/B=3.0
® D/B=1/8.0 ® D/B=1/5.0 D/B=112.5  AD/B=1.0 & DIB=4.0 © D/B=5.0 0O D/B=6.0
A D/B=1/7.0 A D/B=1/4.0 D/B=1/2.0 A D/B=7.0 © D/B=8.0 o D/B=9.0
1.0 1.0

a8 o
i §8§§§@§5§DD .
0.8 - i, 07F 288 ° . g oo B B8
2 X A g - ca o Yo A ! 0
Y ° 2 g o 0
o 21x g 4 L0048 o o ° o o g
| Y~ ] . a 98 £ 0 ¢
06 S I S o 04r Rage 8 % :
. A 1) " A o) Ao
g RTINS 4 ig % 8
~ 04 R R =~ 01 897 a a3
A © % 1 4 °
L2 o L A
02+ N A -02 A
A [ ]
A A A
0 1 1 1 1 _05 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Az-H! Az-H
(a) D/B<1.0 (b) D/B>1.0

E5 O1Nif s Epkah N Ex R #

Fig. 5 Correlation coefficients of torsional fluctuating wind loads in O1 wind field
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Fig. 9 Comparison of fitting and calculated values of correlation coefficient formula parameters in O1 wind field
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Fig. 10 Comparison of fitting and experimental values of torsional fluctuating wind loads in O1 wind field
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Spatial Correlation of Torsional Fluctuating Wind Loads on Rectangular High-rise Buildings
YUAN Jiahui'*, CHEN Shuifii’", XIA Yuchao®, LIU Yi’
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2.College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China;
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Abstract:

Objective Tall buildings in contemporary construction practice predominantly adopt slab-type designs with substantial side ratios. In these rectan-
gular tall structures, the response to torsional wind vibrations becomes a critical issue. Accurate calculation of wind-induced vibrations requires a
comprehensive understanding of the spatial correlation of fluctuating wind loads. Existing torsional coherence function models, derived from
wind tunnel tests on specialized or small side ratio building models, often neglect the effect of diverse building section forms on the coherence
function. Therefore, their applicability to common tall buildings with larger side ratios remains limited. This study addresses this limitation by
proposing a series of spatial correlation mathematical models for torsional fluctuating wind loads on high-rise buildings, enhancing their practical-
ity and applicability.

Methods Firstly, four types of wind fields (O1, S1, O2, and S2) were simulated based on data from the Engineering Sciences Data Unit (ESDU).
The mean wind speed profile was generated using the logarithmic rate formula recommended by ESDU—85020. The theoretical turbulence inten-
sity profile was produced based on the formula recommended by ESDU—82026. The turbulence integral scale was determined using the formula
indicated by ESDU—74031, and the fluctuating wind speed spectrum was obtained using the von—Karman spectrum recommended by ESDU—
7403 1. Turbulence intensity in S—type wind fields was greater than that in O—type wind fields, and the turbulence integral scale in type—1 wind
fields was larger than that in type—2 wind fields. Secondly, 21 test models with side ratios ranging from 1/9.0 to 9.0 were created by assembling
12 segments, using a length scale of 1 : 200. The completed model measured 0.50 m in height, 0.06 m in width, and 0.06 to 0.54 m in length.
Seven layers of measuring points were placed vertically at heights of 0.10H, 0.30H, 0.50H, 0.65H, 0.80H, 0.90H, and 0.98H. The measuring point
layers were numbered 1 to 7 from bottom to top, maintaining a consistent arrangement across all layers. Finally, synchronous pressure measure-
ment wind tunnel tests were conducted on the 21 models under four wind fields. Time history data of wind pressure coefficients at the measuring
points on the models were collected using synchronous pressure scanning valves. The sampling frequency was 400 Hz, and the sampling duration
was 90 s, producing a total of 36 000 data points.

Results and Discussions Based on the experimental results, the vertical correlation coefficient and coherence function of buildings with vari-
ous side ratios under different wind fields were calculated. The influences of side ratio, turbulence intensity, and turbulence integral scale on
the vertical correlation coefficient and coherence function of torsional fluctuating wind loads were analyzed. Mathematical models of the ver-
tical spatial correlation of torsional fluctuating wind loads for rectangular high-rise buildings with side ratios ranging from 1/9.0 to 9.0 were
established using the least squares method, and the accuracy of these models was compared to the experimental data. The results showed that
the correlation coefficient of torsional fluctuating wind load exponentially decreased with increasing separation distance, and the attenuation
rate varied with side ratio. When D/B<1.0, the correlation coefficient of torsional fluctuating wind load remained greater than 0, and the at-
tenuation rate of the correlation coefficient increased with a higher side ratio. When D/B>1.0, the correlation coefficient of torsional fluctuat-
ing wind load became highly discontinuous, and the attenuation rate of the correlation coefficient decreased with a higher side ratio. For
some buildings, the correlation coefficient even became negative at positions with large separation distances between measuring point layers.

When D/B<1.0, the correlation coefficient of torsional fluctuating wind load was only slightly affected by the turbulence characteristics of
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the incoming flow, whereas when D/B>1.0, the correlation coefficient became negative at large separation distances due to changes in turbu-
lence characteristics. The initial value of the torsional fluctuating coherence function was influenced by the side ratio and the separation dis-
tance of the building. For buildings with 1/5.0<D/B<5.0, the spectral peak of the coherence function was evident. When D/B<1.0, the corre-
sponding reduced frequency was slightly greater than 0.1, consistent with the Strouhal number, indicating that the spectral peak was gener-
ated by vortex shedding. When D/B>1.0, the corresponding reduced frequency of the spectral peak gradually decreased. The coherence func-
tion of buildings with various side ratios changed with frequency. When D/B<1.0, the coherence function initially decreased, then increased,
and finally dropped rapidly to a low coherence level. When 1.0<D/B<5.0, the coherence function for large separation distances decreased
slowly with frequency, while for small separation distances, it fluctuated repeatedly at a low coherence level. When D/B>5.0, the coherence
function quickly decayed with frequency and then fluctuated at a low coherence level. The coherence function of torsional wind load exhib-
ited complexity, being affected by both separation distance and mean velocity. Across different wind fields, the coherence function displayed
significant fluctuations with frequency and building side ratio.

Conclusions The proposed correlation coefficients and coherence functions for torsional fluctuating wind loads on rectangular tall buildings show
strong consistency with experimental observations. These results carry important implications for structural design and load code revisions, pro-
viding critical insights for reducing wind-induced vibrations in tall buildings.

Key words: rectangular high-rise building; torsional fluctuating wind load; spatial correlation; wind tunnel test; side ratio; mathematical model
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