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Abstract. The fluctuating wind pressure in local areas of high-rise buildings ex-
hibits strong volatility, which is affected by airflow separation and vortex shed-
ding, making its probability distribution no longer conform to Gaussian distribu-
tion. This article takes the wind pressure test data of Shanghai Global Financial
Center as the object, explores the statistical characteristics and probability distri-
bution characteristics of fluctuating wind pressure, and provides conclusions. The
research results indicate that for positive wind pressure, both normal distribution
and Gamma distribution can well describe its distribution, followed by Weibull
distribution. For the negative pressure in the separation zone, Gamma distribution
and Weibull distribution can well describe its non-Gaussian distribution charac-
teristics. For the negative pressure in the wake region, Gamma distribution and
Weibull distribution can well describe its left tail distribution, while normal dis-
tribution can better describe its right tail distribution.
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1 Introduction

The wind load acting on buildings is a random load, and there are generally two meth-
ods to determine the magnitude of the wind load to ensure the safety and economic
design of the structure and maintenance components: one is to use the traditional prob-
ability guarantee method; The second is to use the extremum method to determine the
extremum of wind pressure, which was originally introduced into wind engineering by
Davenport!!#. At present, research on the non-Gaussian characteristics of wind pres-
sure is mostly focused on large-span roofs and low rise building roofs, with less atten-
tion paid to the probability characteristics of surface wind pressure in super high-rise
buildings. Sun Ying et al.l>"® studied the non-Gaussian statistical characteristics of fluc-
tuating wind pressure on the surface of large-span flat roofs, and explained the reasons
for the non-Gaussian characteristics through the time and spatial correlation of wind
pressure, combined with the central limit theorem. The fluctuating wind pressure in
local areas of high-rise buildings exhibits strong volatility, which is affected by airflow
separation and vortex shedding, causing its probability distribution to no longer follow
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a Gaussian distribution. This article takes the wind pressure test data of Shanghai World
Financial Center as the object, explores the statistical characteristics, probability distri-
bution characteristics, and time-frequency domain characteristics of fluctuating wind
pressure, analyzes and studies the extreme values of wind pressure, and provides con-
clusions.

2 Wind Pressure Characteristics of Tall Buildings

The classical extreme value theory (Fisher& Tippett 1928)P-14I holds that no matter what
distribution a random variable satisfies, the maximum (extreme value) of a large num-
ber of independent identically distributed random variables will approximately obey
any of the three extreme value distribution forms (extreme value I, II, III). Gumbel
(1954)15-201 made a systematic study on this, and found that as long as the parent dis-
tribution follows the exponential distribution form (such as Gaussian distribution,
Gamma distribution, Weibull distribution, etc.), the extreme value distribution of a
large number of independent random variables will follow the extreme value I distri-
bution (Gumbel distribution).

-
F(x)=e™© ¢ (D)
Its probability density function can be written as:
_xb_ (F3D)
f(x)=§e[ O ] &

Where, a are scale parameters, and a > 0; b is the location parameter.

The surface wind pressure distribution of high-rise buildings follows a non-Gaussian
distribution, which is further subdivided into various types, including Gamma distribu-
tion, Weibull distribution, etc. Several basic probability distribution expressions are as
follows:

If the probability density function of random variable X satisfies the following for-
mula:

()7
) =T, x> 6

The random variable is said to obey the gamma distribution, where u, 8,y are the
location parameters, scale parameters and shape parameters of the probability distribu-
tion, and I'(+) is the gamma function I'(a) = fooo ettt 1dt.

If the probability density function of random variable X satisfies the following for-
mula:

f) = %(g)y_l e 0<x<o,y>0 550 )

The random variable is said to obey Weibull distribution, where y,  are the shape
parameters and scale parameters of the distribution respectively.
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3 Research Methods of Wind Tunnel Test

This study takes the Shanghai World Financial Center as the engineering background
and conducts rigid body model pressure measurement tests in the TJ-2 boundary layer
wind tunnel of Tongji University. Turbulent field simulation for Class C site. Each
pressure signal contains 6000 data points, with a sampling frequency of 312.5 Hz and
a duration of 19.2 seconds. The total height of the model is 1.4 meters, with a scale ratio
of 1:350. In this test, the reference wind speed is 14 meters per second, and monitoring
is conducted at a height of 1.2 meters in the wind tunnel.

/

(a) Model test of rigid body pressure meas- (b) Definition of model orientation, eleva-
urement (0 °© Wind direction angle) tion, wind direction and coordinate axis

Fig. 1. Setup, facade, wind direction, and coordinate axis of the rigid model

4 Experimental Results and Analysis

The rigid model pressure test is carried out according to 20 wind directions as shown
in Figure 1. The wind direction angle ranges from 0°~360° with an interval of 22.5°. In
addition, four wind direction angles of 118°, 123°, 298° and 303° are added. The sur-
rounding environment of the test is considered as a single global financial center (with-
out any surrounding buildings), and the following experimental results are obtained
under this experimental condition.

Figure 2 is the time history and probability density diagram of wind pressure coeffi-
cient of selected typical measuring points under different wind direction angles. Figure
2 (a) and (c) are the time history diagram and probability density diagram of wind pres-
sure coefficient of windward side measurement points 28-39. Since the incoming flow
on windward side is not disturbed, the fluctuating wind pressure meets the assumption
of Gaussian distribution, and the actual distribution conforms well to the normal distri-
bution; However, when the measuring point is on the crosswind plane (Figure 2 (b) and
(d)), the measuring point is in the separation area, showing a long burr in the time his-
tory diagram, and the fluctuating wind pressure no longer obeys the Gaussian distribu-
tion; When the measuring point is on the leeward side (Figure 2 (e) and (g)), the fluc-
tuating wind pressure can still be approximately described by Gaussian distribution, but
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it shows great pulsation due to the influence of wake vortex. Figure 2 (f) and (h) reflect
the non-Gaussian characteristics of wind pressure at measuring point 5-3 in the cross-
wind area.
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(a) Statistical characteristics of fluctuating wind pressure at measuring point 28-39 at 0° wind
direction angle
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(b) Statistical characteristics of fluctuating wind pressure at measuring point 28-39 at 45° wind
direction angle
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(c) Statistical characteristics of fluctuating wind pressure at measuring point 28-39 at 90° wind
direction angle
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(d) Statistical characteristics of fluctuating wind pressure at measuring point 28-39 at 135°
wind direction angle
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(e) Statistical characteristics of fluctuating wind pressure at measuring point 28-39 at 180° wind
direction angle
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(f) Statistical characteristics of fluctuating wind pressure at measuring point 5-3 at 90° wind di-
rection angle

Fig. 2. Time history diagram of wind pressure coefficient at typical measurement points and
corresponding probability density, probability distribution diagram
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The tail of the wind pressure probability distribution directly affects the calculation
of the wind pressure extreme value. In order to more clearly see the fitting of the tail of
the wind pressure probability distribution, the ordinate probability density is set as the
logarithmic coordinate system. See Figure 3 for the detailed fitting of the wind pressure
probability distribution.

Figure 3 (a), (b), (), and (g) indicate that in the positive wind pressure region, the
fluctuating wind pressure conforms well to the Gaussian distribution, and its probability
distribution can be well described by the normal distribution and Gamma distribution.
However, the Weibull distribution provides a relatively poor description of these posi-
tive wind pressure probability distributions. Upon careful observation of Figure 3 (d),
(e), (1), and (j), it can be seen that the Gamma and Weibull distributions can well de-
scribe the left tail distribution of wind pressure at these measurement points located in
the wake region, while the normal distribution can better describe the right tail distri-
bution.
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5 Conclusions

(1) The probability density distribution of non-Gaussian wind pressure on building
surfaces cannot be uniformly and well fitted using existing mathematical models. For
positive wind pressure, both normal distribution and Gamma distribution can describe
its distribution well (in fact, when the shape parameter of Gamma distribution is large,
Gamma distribution is very close to normal distribution), followed by Weibull distri-
bution.

(2) For the negative pressure in the separation zone, Gamma distribution and Weibull
distribution can well describe its non-Gaussian distribution characteristics.

(3) For the negative pressure in the wake region, Gamma distribution and Weibull
distribution can well describe its left tail distribution, while normal distribution can
better describe its right tail distribution.
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