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Fractal Characteristics of Measured Wind Pressures on Roof Surface of

Low-rise Buildings under Typhoon Climate

CUI Bingchang, HUANG Peng’
(State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: The loss of life and property caused by typhoons in the southeastern coastal regions of China is mainly
attributed to the destruction of low—rise buildings. Therefore, analyzing the wind pressure characteristics on the roof
surface under strong winds is of practical value in wind engineering. Based on the fractal theory of physics, this study
conducts the fractal analysis of wind pressure pulse signals. The wind pressure and referenced wind velocity data
were collected during Typhoon “Muifa” in 2011 from the Pudong experimental base of Tongji University. In the
fractal analysis, the box—counting method was used to estimate the fractal dimension value for each wind pressure
sample. In the result section, an example is given to demonstrate the positive correlation between fractal dimension
values and the fluctuation strength of wind pressure. Then, the fractal characteristics of wind pressures on the entire
roof region and the influence of roof pitches and inflow directions on the fractal dimension were investigated. Firstly,

the results indicate that the wind pressures under typhoon climate are anti—persistent time series, and the mean
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fractal dimension for wind pressures on the entire roof region is 1.700. Secondly, the roof pitch and inflow direction

affect the fractal characteristics significantly. Thirdly, the peak region of the fractal dimension appears in the area far

away from the incoming flow and close to the mountain wall, while local low values occur in the central area of the

roof ridge. An analysis is carried out on the correlation between the fractal characteristics and the Non—Gaussian

features. The negative correlation between fractal dimension and kurtosis coefficient is strong, with a negative

correlation coefficient of —0.509 under case A—-00.
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Tab.1 The precise correspondence between fractal

dimension values and types of time series
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Fig. 1 Solution process of fractal dimension for the time series

curve using box—counting method
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Fig.2 Pudong experimental base of Tongji University and

layout for pressure measurement system on the roof
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Tab.2 Summary of measured cases during Typhoon“Muifa”

T —e %%%JXEJE/ %%%}ilﬁﬂ ﬂé‘iﬁ}ilfﬂ
% (m-s™) (%) /(%)
A-00 00 17.18 28.8 75.8
A-05 05 16.81 22.9 69.9
A-15 15 15.45 26.1 73.1
A-25 25 18.43 29.8 76.8
A-30 30 16.53 21.1 68.1
B-15 15 13.61 45.6 92.6
B-30 30 15.56 0.10 47.1
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Fig.4 Locations of representative measurement points in

crucial regions, wind pressure coefficient time history curves

and detailed estimation process of fractal dimension

B3 B —J5 i, 7218 4(d) Hr, AT A Tap08 45 XL
S s R T 28 ) S 3 e/ DML 380 Jey 3 e R AL ) P 4 R
It 1) i 266 AH S, 00 45 Tap64 A0 % 107 (9 24 37 2 it



KR

BEIRIEAE - 3 DU R Al 0022 1 S XU B9 AR 99

(] K . 3K S B T I A Tap64 Ab KU 9 FE 22 1 ot
T 55 Tap08 Ab 5 55 . XU B 2 75 Ak e #1421 5
S5 B MR I i XA T A SR 3% T KU 373 ) B
B P Bt i B2 WU Dk gl i B 5 0 I dE RO
BAE ARG, BIVpk 2l 56 82 8 A, 7 FE 4 K i {0 B 3T
2.0, XoF JO7 XU A B A AP 5

F3 RAERBETXERBERN S RAELHE.
REEMEZ UL SREXRE
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Tab.4 Statistics of fractal dimension on the entire roof region
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Tab.5 Measured cases and statistics for fractal dimension of wind pressures under normal wind
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