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ABSTRACT

Due to the limited low-frequency turbulence that can be generated in the simulation of
wind field in passive wind tunnel test, the power spectrum of fluctuating wind speed in wind
tunnel with large geometric scale ratio is better to simulate the high-frequency turbulence,
but the low-frequency turbulence energy is smaller. In order to study the influence of
missing low-frequency turbulence on extreme wind pressure on saddle type roof, wind
tunnel tests were used to simulate two wind fields with the same high-frequency and large
difference in low-frequency. Partial turbulence simulation (PTS) method was combined
with Monte Carlo simulation to compensate the influence of low-frequency turbulence on
extreme wind pressure, and the predicted confidence interval was obtained. The research
results provide guidance for accurately determining the wind load on buildings.

1. INTRODUCTION

Passive wind tunnel test is an important method to determine the surface wind load of
low buildings. Limited by the law of geometric similarity, the small scale ratio cannot meet
the demand, so the large scale ratio becomes the first choice for wind tunnel testing of low
buildings. Due to the insufficient simulation of low-frequency turbulence in passive wind
tunnel, some studies take flat roof as the research object, based on the assumption that
the missing low-frequency incoming flow is Gaussian probability distribution, the wind
pressure time history under high-frequency turbulence is segmented, and then the extreme
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value of the wind pressure coefficient based on the segmented time history meets the
Fisher Tippet Type | distribution. Extreme wind pressure coefficient after compensating the
convolutional low-frequency Gaussian probability distribution (Mooneghi et al. 2016;
Moravej 2018).

In summary, this study proposes an extreme wind pressure coefficient compensation
method considering sample randomness by combining the partial turbulence simulation
(PTS) method with the Monte Carlo simulation, taking the saddle roof as an example. The
method is used to compensate the deviation of point extreme wind pressure coefficient and
surface extreme wind pressure coefficient due to the absence of incoming low frequency,
and the accuracy of the compensation results is verified to provide a theoretical basis for
the accurate determination of wind load on the building surface.

2. THEORETICAL METHOD

2.1. Numerical simulation

The saddle roof model is shown in Fig. 1(a), the scaled down scale of the experimental
model is 1:100, and the dimension of the projected plane of the model is 0.6mx0.6cm(Liu
et al. 2016). The height of the high point of the saddle roof cover is 0.1(1 + v2) m, the
height of the low point is 0.1cm, the vector-span ratio is 1/12, and the reference height Zr
is at the height of the model 0.21m. The height expression of the saddle roof coveris Z, =

0.0707 x (4x2/0.72-4y%/0.72)+0.1707 m. Fig. 1(b) demonstrates the detailed layout of the
wind pressure monitoring points, with a total of 265 wind pressure measurement points.
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(a) saddle roof model (b) wind pressure monitoring points

Fig. 1 Inflow turbulence characteristics

In this paper, the saddle roof is taken as the research object, and two kinds of wind
fields are debugged. Characteristic parameters of each wind field at the reference height
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of the roof in Table. 1. Inflow turbulence characteristics are shown in Fig. 2, which mainly
includes profiles of mean wind speed, turbulence intensity and power spectra of fluctuating
wind speed (Liu et al. 2016)

Table. 1 Characteristic parameters of each wind field at the reference height of the roof

oW, U, T Lus Lux Lo
(m/s) (%) (%) (%) (ecm) (ecm) (em)

number
Flow 2 0.125 7.29 14.57 11.23 13.15 36.4 14.3 21.8
Flow 3 0.134 7.34 18.80 13.50 17.50 727 18.5 35.6
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Fig. 2 Inflow turbulence characteristics

2.2. PTS method considering sample randomness

In this paper, a method called “Partial Turbulence Simulation (PTS)” is used to
compensate for extreme wind pressure (Mooneghi et al. 2016), The turbulence intensity of
the missing low-frequency component can be expressed as:

Ly, = I — Iy (1)

Where 1I,,1,;,I,; are total turbulence intensity, the missing low-frequency turbulence
intensity, and partial simulation turbulence intensity, respectively. When PTS method
compensates for extreme wind pressure, the sample period is divided into N independent
sub-intervals, and the time of each sub-interval is as follows: In wind field 2, the probability
of not exceeding a certain value in each subinterval can be fitted with the Fisher Tippet
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Type | distribution:

F(C) = exp (— exp (—a(f - b))) (2)

Where a and b are constants that can be determined by the data. In each subinterval,
¢, =(1+93?C, Cand C, are the extreme wind pressure coefficients of wind field 2 and 3
respectively.

The exceedance probability of Cp/b given is:

N 1 Cp
G (C—p) = f_m%e_ifz 1—exp| —exp —ab( b — 1) d¢ (3)

b 1+1, 82

The transcendental probability calculation method of N subinterval is as follows:G =
1
1— ptﬁ , and define { = % § = % ¢ is the ratio of the pulsating wind speed contributed
ar u
by the low-frequency component to the average wind speed.

The N extreme wind speed samples used to calculate the exceedance probability a
and b values are a one-time sampling of the extreme wind speed random variables. If they
are sampled multiple times, then:

E())=a, E}b)=b, D(@) =202 D) =071(%) 4)

Where E is the expectation, D is the variance, and ois the standard deviation. The
Monte Carlo simulation was repeated 1000 times for a and b, and the values of 1000

groups were obtained, and the confidence interval [ﬁép —Z1—a)/2 X 6ép, ﬁép + Z(1-a)/2 X
6'ép] was obtained. Where ﬁép is the average value of extreme wind pressure coefficient
prediction, Z(1-a)/2 X 56,, is the number of standard deviations.

3. RESULTS AND DISCUSSION

3.1. Distribution of extreme wind pressure coefficients

The distribution of extreme wind pressure coefficients for wind field 2 and wind field 3
in the wind tunnel test is given in Fig. 3. From the figure, it can be seen that at the windward
front of the roof, the extreme wind pressure coefficient of the roof surface increases with
the increase of the low-frequency component when the high-frequency component of the
pulsating wind speed power spectrum is consistent. Due to the large differences in the
extreme wind pressure coefficients of the two wind fields along the windward front, some
of the measurement points along the windward front are selected for analysis in this section
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of the study.
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Fig. 3 Diagram of roof extreme wind pressure coefficient at 45 ° wind direction

3.2. Analysis of compensation results for point extreme wind pressure coefficients

Fig. 4 presents the prediction results of extreme wind pressure coefficients from wind
tunnel test data for section 260 (10 minutes), section 130 (20 minutes), and section 86 (30
minutes). A 95% confidence interval is used to evaluate prediction accuracy. The results
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indicate that for profiles 1 to 3, less affected by turbulence, the confidence intervals closely
match the extreme wind pressure coefficients of wind field 3, with longer data periods
providing closer approximations to full-spectrum turbulence. For profiles 4 and 5, which are
more affected by turbulence, the lower limit of the confidence interval aligns more closely
with the extreme wind pressure coefficients of wind field 3. This is likely due to the
significant impact of both horizontal and vertical wind speeds on extreme wind pressure in

these turbulence-affected regions.
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Fig. 5 shows the confidence intervals for 1000 data sets derived from the 1-section
10-minute wind tunnel test data using Monte Carlo simulation and the PTS method to
obtain point extreme wind pressure coefficients. The study indicates that with a small
sample size, parameters a and b can be predicted using Monte Carlo simulation,
generating multiple data sets. This improves accuracy, reduces prediction error from
limited data, and guides engineering practice by calculating confidence intervals at a given

Fig. 4 Compensation effect of point extreme wind pressure coefficient

confidence level.
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Fig. 5 Compensation effect of point extreme wind pressure coefficient under Monte-
Carlo simulation

3.3. Analysis of the results of the compensation of the surface extreme wind
pressure coefficient

Fig. 6 illustrates the way in which the area attached to a measurement point is
combined as an example of face-polar wind pressure compensation. This compensation
method takes into account the data from neighbouring measurement points and provides
a more accurate estimate of the wind pressure distribution over the whole area by means
of a weighted average.
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Fig. 6 Pressure tap locations on the roof

This section analyses the predictions of the surface extreme wind pressure
coefficients obtained by the PTS method for 260 segments and one 10-minute segment of
data, respectively. When the number of samples is large, segment-by-segment prediction
is made and confidence intervals are calculated; As shown in Fig. 7, when the number of
samples is small, it is necessary to use Monte Carlo simulation to obtain multiple sets of
data before prediction and to determine the intervals at a given confidence level to reduce
the prediction error. The results show that the confidence intervals predicted for most of
the measurement points are closer to the extreme wind pressure coefficients of full-
spectrum turbulence, while some of the measurement points may have poor compensation
results due to the uneven distribution of turbulence caused by the formation of conical
vortices influenced by the structure of the roof, or the influence of the transverse and
vertical wind speeds cannot be ignored in the areas with large turbulence influence, but
the extreme wind pressure coefficients are also corrected to a certain degree, which can
provide a reference for the structure to determine the extreme wind pressure coefficients.
Determination of extreme wind pressure coefficient provides reference.
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Fig. 7 Compensation results for small sample data

4. CONCLUSION

In this paper, the wind tunnel test is used to simulate the wind field with the same high-
frequency turbulence but different low-frequency turbulence, and the PTS method, which
considers the sample randomness, is used to compensate the extreme wind pressure error
of the saddle roof due to the lack of low-frequency turbulence. Considering the discrete
nature of the compensation results, the compensated confidence intervals can be
combined with Monte Carlo simulation when the sample data are small, and the confidence
intervals can be directly compensated when the sample data are large to improve the
prediction accuracy.
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