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Abstract: Due to the soft stiffness of high-rise buildings in the horizontal direction, strong wind will
cause a strenuous structural response. Wind load is one key control load in the design of high-rise
buildings. This study analyzes wind-induced fatigue of curtain wall supporting structure of a high-
rise building in accordance with dynamic pressure measurement data of wind tunnel, acquiring
wind pressure in each part of the structure. The finite element model is established for the curtain
wall supporting structure, and the fatigue of corresponding nodes is discussed. Moreover, RBF
(radial basis function) neural network regression is introduced to predict the fatigue life of unknown
working conditions. Based on the joint distribution model of wind velocity and direction, this study
explores the distribution law of fatigue life of supporting structure nodes, proposes a hypothesis
of life distribution, and conducts a test. Moreover, working conditions with higher probability
life are collected to provide a basis for practical engineering applications. The results show that
the average deviation is below 10% by using RBF neural network and the probability life of the
sample nodes is between 0 and 10'®. Wind velocity is 8~15 m/s and azimuth angles of 50°~100°,
120°~200°, and 260°~300° are found in working conditions with low probability life; about 95% of
the fatigue damage takes place in the first 30 conditions, and their fatigue damage values are between
35 x1073~9.36 x 1072,

Keywords: curtain wall supporting structure; wind tunnel test; finite element analysis; regression
analysis; wind-induced fatigue analysis

1. Introduction

The curtain wall is a peripheral maintenance structure of buildings, which is composed
of metal supporting structures (aluminum beam, column, steel structure, etc.) and plates
(glass, aluminum plate, slate, ceramic plate, etc.). When panel material is made of glass, it
is called a glass curtain wall, with functions of bearing and decoration. Compared with
the main structure, maintenance structures such as curtain walls can be easily damaged in
wind disasters. Because of improper design or installation of curtain wall connectors, the
curtain wall will fall off a high-rise building when strong winds come, causing casualties.
At home and abroad, there are limited studies on wind-induced fatigue of curtain wall
supporting structures, so similar research can be consulted. Sivaprakasam et al., [1] studied
the structural performance of mullions through the full-scale wind simulation test of
fagade assembly. Under headwind, the tilting effect of male and female mullions produces
little influence, and mullion cannot be regarded as a valid interaction for hollow sections.
Liang et al., [2] proposeed a bimodal probability distribution model for wind pressure
acting on the windward side of a main building. It includes the Gaussian model and
generalized extreme-value model, to reveal non-Gaussian characteristics of wind pressure
on glass curtain walls. Moreover, Hui et al., [3] tested the wind resistance performance
of aluminum alloy columns with different structures in a unit glass curtain wall and
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analyzed the numerical simulation. The results showed when there are proper numbers
and positions of hooks, the beam-to-column constraint is very small whether the wind
pressure is positive or negative. Yu et al., [4] mainly investigated L-shaped cable-supported
glass curtain walls, the wind-induced dynamic response in four directions is analyzed
taking into account the fluid-structure interaction effects. The deflection of the glass
surface is explained in view of displacement statistics, obtaining wind vibration coefficients
suitable for engineering structure design, and the change in cable force is described, too.
Ouyang et al,, [5] introduced a probabilistic performance-based wind engineering (PBWE)
framework for estimating envelope damage, the envelope structures include the effects of
demands originating from dynamic net pressure and structural responses for assessing
the response of structural systems under material yielding/lag and large deformation
settings. You [6] measured the cladding pressure by wind tunnel to estimate the stress in
the connections, fatigue damages were evaluated for different city development stages
using the direct wind time history method and Weibull wind distribution methods were
adopted from the literature.

With the aid of CFD (computational fluid dynamics) numerical simulation of large-
scale building groups, Chen [7] raises a method to analyze wind damage vulnerability of
high-rise glass curtain walls. According to the research, the main failure mode of beams is
caused by shear damage of bolts between beams and columns under the action of strong
wind. At the same time, Zeng [8] studied structural theory and design specifications of
glass curtain walls, explored wind resistance performance of glass curtain walls through a
finite element simulation and actual measurement, then analyzed the safety performance
of curtain walls according to interval numbers. Li et al., [9] researched wind-induced
fatigue of a flexible support system of point-supported glass curtain wall and calculated its
equivalent stress amplitude and cumulative damage, finding members at the truss nodes
in support systems and weld position at support nodes are the weakest. The analysis of
wind-induced fatigue of connectors can be referred to as connectors of other structures. For
example, adopting empirical formula of high-strength bolt stress, According to Mu [10], a
local refined solid model is constructed for the ring flange connection of lightning rods to
conduct fatigue analysis, and the conclusion is drawn that fatigue performance of bolts can
be enhanced by the increase in pre-tightening force and thickness of the ring flange.

Due to the high wind pressure of super high-rise buildings at high places, their
supporting structures will be affected by wind-induced fatigue, which will cause the glass
curtain wall to fall off from high places once it reaches a certain degree, which can easily
cause harm to related property and personal. Most of the existing literature focuses on the
study of structural wind resistance, and there is less research on wind fatigue for curtain
wall support structures, and almost no consideration is given to the joint distribution
of wind speed and wind direction leading to a rather one-sided result. Therefore, the
fatigue life distribution law of the supporting structure of curtain wall is analyzed by
the wind tunnel test and finite element simulation; moreover, wind speed and direction
joint distribution and neural network regression methods are considered. This method
improves the reliability of results while significantly reducing test conditions and test time;
it provides a reference for engineering design. The research process is shown in Figure 1.
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Figure 1. Research process.

2. Research Methodology
2.1. Wind Tunnel Test

Researchers have used a combination of wind tunnel tests and finite element analysis
to study wind-induced fatigue of buildings [11,12]. The test model for high-rise buildings
refers to a rigid body model made of ABS (Acrylonitrile Butadiene Styrene) material, with
sufficient strength and stiffness. The principles of wind tunnel tests (including similar
guidelines, scale, amount of shielding, number of principle directions, etc.) can be found
in the literature [13]. The model is geometrically similar to real objects in appearance, the
building prototype includes two towers, A and B, and a commercial center C. Tower A is
about 280 m high and tower B is about 200 m high; the scale ratio is 1:300, and the height of
tower A of the building model is about 0.93 m. There were many air pressure holes on the
outside of the model, to maintain an airtight state, and the inside was hollowed out and
installed with air pressure pipes. Finally, the model was placed in a section of the wind
tunnel test, and the wind pressure pipe was connected to an electronic pressure scanning
valve to measure the surface wind pressure of the main building and envelope structure.
In the test, the model was fixed on the turntable of the wind tunnel, which could rotate to
simulate different wind directions. A total of 969 measuring points were arranged in the
model, in order to measure wind pressure distribution on the building surface, podium
surface, canopy surface, and building roof (Figure 2).

Figure 2. Distribution of wind tunnel experimental models. (A) tower A, 280 m high, the scale ratio
is 1:300; (B) tower B, 200 m high, the scale ratio is 1:300; (C) commercial center.



Appl. Sci. 2022, 12, 2547

4of 16

This test was carried out in the HD-3 atmospheric boundary layer wind tunnel of
Hunan University. Focusing on the main building, the wind tunnel test simulated the
load-carrying capability of a single building, and ignoring surrounding main buildings
and terrain, the wind tunnel model was placed on the turntable in the wind tunnel test
section to measure data. It aimed to measure the wind pressure on the structures surface
in 24 wind directions (rotation counterclockwise at a vertical plane, 0°, 0°~360°, and the
wind direction angle was 15° to the north elevation of building A). During the test, each
measurement point was sampled for 30 s, the sampling frequency was 312.5 Hz, the height
of the test reference point was 110 cm, and wind velocity at the test reference point was
controlled to 7.5 m/s (Figure 3).

Figure 3. Simulation of type B geomorphic boundary layer in wind tunnel.

The wind tunnel test and related calculations refer to the “Load Code for the design of
building structures”(GB50009-2012). For each measurement point, 10,000 wind pressure
data were recorded. According to the following formula, the model’s time histories of
wind pressure obtained from the pressure test can be converted into the prototype’s time
histories of wind pressure [14]:

P o Py,

== 1
= )

]
where P, is the time history data obtained from the pressure test; I is the time history
data of wind pressure converted to actual conditions, P; is the actual incoming flow wind
pressure, and P, is the experimental incoming flow wind pressure.

2.2. Finite Element Analysis

The maximum wind pressure of the wall partition of Block A is 1.89 kPa, which occurs
in the northwest area (see Section 3.3 for partition diagram), located on the north side
of Floor 58 of Building A, at a height of 255-260 m. With this area as a case, this study
analyzed wind-induced fatigue of a curtain wall. The dimension of a glass curtain wall
is 6m x 1.083 m x 0.16 m. The glass was TP8Low-e + 12Ar + TP8 triple silver (argon)
medium silver glass (full ultra-white). The curtain wall structure was modeled in ANSYS
according to material parameters in Table 1. The settings of the finite element model
parameters are shown in Table 2.
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Table 1. Mechanical properties of curtain wall materials.

Materials Deomity  Motwis e Linew Expansion _ Torion Moduls
Glass 25.6 kN /m? 7.20 x 10* MPa 0.20 0.85/107° 2.93 x 10* MPa
Aluminum alloy sections  28.0 kN/m? 7.00 x 10* MPa 0.33 2.35/107°
Steel 78.5 kN/m? 2.06 x 10° MPa 0.30 1.20/107°
Stainless steel 78.5 kN/m?3 2.06 x 10° MPa 0.30 1.80/107°

Note: 1 kg/m3 =0.01 kN/m>

Table 2. Parameters of finite element model.

Project Parameters Project Parameters
Number of nodes 66,180 Contact unit contal74
Number of units 37,584 Contact type bonded

Entity unit solid185 Grid size 0.01 m
Target Unit targel70 Grid division mapped meshing

Typical glass curtain wall structure includes metal tempered glass, frame structure,
a connecting tube that is usually composed of steel structure, and bolt groups. Figure 4
introduces static analysis results of the curtain wall model with 1000 Pa applied. It tells
maximum equivalent stress value can reach 26.173 Mpa; higher stress occurs in parts where
the structure is connected with aluminum transoms and mullions, which is also the place
in which fatigue easily occurs. According to the joint distribution probability model for
wind velocity and direction and fatigue analysis results, this study calculated the life of
curtain wall supporting structure nodes by selecting some representative nodes (Figure 5).

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

26173 Max

29109
00031155 Min

-

Pressure

Stress Mesh

Figure 4. Finite element analysis.
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Wall-mounted parts

Tempered Glass

Mullions

Transoms

Bolt set

|‘_'| 1.083m
0.16m

Figure 5. Schematic diagram of glass curtain wall structure and nodes. 14 are the selected represen-
tative nodes.

First, time-history data of wind pressure obtained from the wind tunnel test was
converted into actual time-history data of wind pressure, and it was defined as wind
pressure load with different time histories. A channel was established corresponding to
measuring points on the glass curtain wall, and the finite element analysis results were
imported into the nCode fatigue analysis module into the S-N time-series fatigue analysis
environment. Moreover, a five-frame flow chart for typical fatigue analysis was constructed
and included a geometric model, material parameter information, load information, fatigue
solution settings, and result display. Finally, corresponding wind pressure time-history
load was applied to the channel to form load spectrum, due to the large number of working
conditions, the corresponding load spectrum is not listed, and the S-N curve of the system
was used to calculate the fatigue life of the node by referring to the critical plane stress
combination method (Figure 6).

Stresslife_analrsiz

Flow chart of nCode fatigue simulation

Figure 6. Cont.
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Figure 6. Ncode analysis.

2.3. Joint Distribution Model of Wind Velocity and Direction

According to the generalized extreme-value distribution model, this study fitted a
probability density distribution of wind velocity under different wind directions, finding
that extreme value type II (Frechet) distribution had a better fitting degree, and its formula

is as follows:

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

520 540 560 580

pio = (B -(ro552) 1) at5)

where 1, 0, and k represent location, scale, and shape parameters, respectively, and v is the
wind velocity. Parameters for the extreme value type II distribution are shown in Table 3.

Table 3. Probability density function parameters of wind velocity at all azimuth angles.

@

Wind Direction

# (Location Parameter)

o (Scale Parameter)

k (Shape Parameter)

1 —-0.102 1.198 2.107
2 —0.032 1.107 2.083
3 —0.090 1.107 2.006
4 —0.147 0.686 1.475
5 0.017 0.675 1.361
6 —0.095 0.674 1.311
7 —0.011 0.695 1.338
8 —0.038 0.694 1.346
9 —0.076 0.830 1.704
10 —0.085 0.882 1.749
11 -0.133 1.037 2.104
12 —0.159 1.163 2.190
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Table 3. Cont.

Wind Direction # (Location Parameter) o (Scale Parameter) k (Shape Parameter)
13 —0.065 1.207 2222
14 —0.069 1.317 2.085
15 0.062 1.012 1.672
16 0.178 0.735 1.387
17 —0.005 0.545 1.079
18 —0.207 0.448 1.200
19 —0.112 0.468 1.157
20 0.067 0.659 1.398
21 0.015 0.992 1.921
22 —0.099 1.282 2.789
23 —0.039 1.529 3.227
24 0.064 1.530 2.663

The relationship between the azimuth angle and probability can be expressed by the
following formula:
p2(0) = (a+bx0)/(14cx0+dx6?) ©)

where pj is the probability; 8 is the azimuth angle that will be radiated during regression; a,
b, ¢, d are model parameters, as shown in Table 4.

Table 4. Probability density model parameters of azimuth.

a b c d
0.0099 —0.0016 —0.3167 —0.28

P indicates the joint distribution probability of any working condition of curtain wall
supporting structure nodes and can be calculated through the following formula:

P(v,0) = p1(v) x p2(0) 4)

where P is the probability of any working condition; v and 0 are wind velocity and azimuth
angle of working condition, respectively.

3. Analysis of Results
3.1. Regression Analysis

Since countless working conditions are required to analyze wind-induced fatigue of
the curtain wall, regression methods can be considered to reduce working conditions to be
calculated. Traditional regression methods must be based on mathematical models, but it
is difficult to find the relationship between wind velocity and direction with fatigue life.
There is no mature mathematical model as reference. Even if there is, it cannot serve as a
general model for different scenarios. In summary, the RBF neural network was adopted
for regression analysis because it could not only approximate functions but also make
predictions. The learning steps of the RBF neural network are:

@ Initialization. Determine input vector X, output vector Y, expected output vector
O, link weight from hidden layer to output layer, central parameter C; of each neuron in
hidden layer, width vector D; and other neural network parameters:

X=[x1 % % NY=[m w o u]h0=[o o ol ©
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T
Wk: [ W1 Wi wkp ] (k:11213r rq) (6)
T T
Ci=lecp cp - cu],Dj=[dn dp - dj ] )

where 7 is the number of input layer units; 4 means the number of output layer units. The
initial value of the neural network center parameter and width vector can be output by the
following formula:

maxi — mini . maxi — mini

¢y = mini + Zp —%—(]—1)# (]:1,2,3,...’p) (8)
1 5
dy :df Ek;(xfic» (9)

In the formula, p represents the total number of hidden layers; d is the width adjust-
ment coefficient, and the value should be less than 1, in order to allow each hidden layer
neuron to easily perceive local information. However, the nonlinear mapping ability of the
RBF network is reflected in the hidden layer function, so the adjustment of the hidden layer
is conducive to improving the local response ability of the RBF neural network.

@ Calculate output z; of the j-th neuron in the hidden layer:

X-¢Cj|?
zj = exp —‘ D (10)

® Calculate output of neurons in the output layer.

Y = ) wzj (k=1,2,3,--- ,9) (11)
j=1

In the formula, wy; refers to adjustment weight between k-th neuron in the output
layer and j-th neuron in the hidden layer.

(® Iteration of weight parameters. The gradient descent method was applied to
adaptively adjust calculation center, width, and weight parameters to the optimal value:

wb]'(i’) :wv(t—l)—l’]aw;zfl)+Dé[w]'(t—l>—whj(t—2)] (12)
JE

¢j(t) :cj(t—l)—nm+a[cy(t—l)—cj(t—2)] (13)

oi(t) = oyt 1) - nafE) Tt 1) - oyt - 2)] (14

where wy;(t) means adjustment weight between k-th output neuron and j-th hidden layer
neuron in the t-th iteration calculation; ¢;(t) is the central component of the j-th hidden
layer corresponding to the i-th input neuron in the t-th iterative calculation; o;(t) means
width corresponding to the center ¢;(t); 77 is the learning factor; E is the RBF neural network
error function given by the formula below:

I\)M—‘

n 9
Z Z Yk — On)’ (15)

where Oy is the expected output value of the k-th output neuron at I-th input sample; vy is
the network output value of k-th output neuron at I-th input sample.
(® When error is the smallest, iteration ends and the output is calculated; otherwise,

go to step @.
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After trial calculation, in newrb (general function of the RBF neural network), the
target of mean square error was set to 0; expansion velocity of radial basis was 6; maximum
number of neurons was 110, and the number of neurons added each time was 4.

In this study, 10-fold cross-validation was used. Prior to formal regression, the training
sample set and verification sample set would be randomly selected in a ratio of 9:1. The
former was used to train different network structures, and the latter evaluated model
performance. In order to avoid overfitting, it was necessary to find an optimal number
of training times. Generally, before the optimal times, training error and test error shall
decrease as the number of training times increase, but after this point, errors would rise.
Figure 7 shows the results of the data training and test. The average deviation of the radial
basis neural network is below 10%, and most of the maximum deviations are below 20%,
which can be used for subsequent predictions.

Average deviation = 7.83%, Maximum deviation = 21.66% Average deviation = 7.57%6, Maxim um deviation = 15.65%
2 —— T 25% RN T SO AR R 0
e ) Real (N)
O Real(N) = T35 VU I ;
21,06 = d k, et Predict (N _
-ﬁg + Predict (N} iﬁ_ + Devi .f\:) - 15%
F | Deviation | [ s L. i
= - 20% gl 34@83
15 .
504 & e & oy
1 =]
19.3 Bb. e 145 &
. gl =
e i rgtE Fi% B D ik &
e 19.01 & PR M =
=g BE awm B g v 15:732 %el" .8
ERTE B 18.34 = 2 122 1217 =
w2 Fig - = 7 1114 §1 08 it
i) 1B04 = O a1 2 B
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185 n 0.0 11 | jo Lo a
B 104 967 )
wa 150 is L2 l%l i 5‘51
iy ‘ ‘ ’ ’7 ’
T T T T T T T 0% T T T T T T T T T O
0 1 3 = 5 L} 7 1 2 3 4 6 9

T
] ] 1d 0

| 1 2 5 3 7 8 a i) 11
Sample Sample
Node 1 Node 2
Av erage deviation = 6.46%, M aximum deviation = 26.20% Average deviation = 876%0 Maximum deviation = 16.57%0
= i 20%
d . i . . . . ) i i 0% T T T T T T T T T T
O Real () > Real(N)
+ Predict(N) 16| + Predict(N) 5@
o 5. = L oz D R P,
| Deviation [} s Peviition Eﬁz i
15 5.4 145 R
- S )
2% 0B - 1457 oo
2 By T &
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L= 1073
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8 g b1 R B 1 0 1 2 7 8 9 831
Node 3 Node 4

Figure 7. Training and test of RBF regression.

3.2. Hypothesis Test for Fatigue Life Distribution

In view of the obtained RBF neural network and joint distribution model parameters
of wind velocity and direction, this study predicted the life of each node of the curtain wall
supporting structure, as shown in Figure 8.
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Figure 8. Probability distribution statistics of lifespan.

The degree of fitting is roughly judged by correlation coefficient (R?) and mean square
error (MSE), as shown in Table 5. It indicates the kernel distribution has the best fitting
effect on nodes among all distributions, whose correlation coefficient is closer to 1 than
other distributions, and the mean square error is more closer to 0. Normal distribution and
GEV (generalized extreme value) distribution have a slightly poor-fitting effect on node 1,
but the fitting effect on other nodes is not significantly different from the kernel distribution.

Table 5. Correlation coefficient and mean square error of fitting life of several distributions.

Normal GEV Kernel
R? MSE R? MSE R? MSE
1 0.8204 3.17 x 1074 0.8660 2.38 x 1074 0.9807 3.51 x 1072
2 0.9843 231 x 1074 0.9824 252 x 1074 0.9924 1.54 x 1074
3 0.9628 5.41 x 10~* 0.9655 5.26 x 1074 09824 351 x10~*
4 0.9538 492 x 107* 0.9713 3.36 x 107* 0.9818 233 x 107*

Node

The chi-square test is an important method for goodness-of-fit and it determines
whether a data sample comes from specified probability distributions and parameters are
estimated from the data. In the test, data were grouped into different intervals whose actual
and theoretical frequencies were calculated, and chi-square test statistic was measured [15].
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The chi-square test aims to check the difference level between actual frequency and
theoretical frequency; therefore, the core content is to calculate the statistic of the overall
difference between actual frequency and theoretical frequency, which is the chi-square
distance. This distance is equal to cumulative sum of ratio of square of difference between
actual frequency and theoretical frequency to expected frequency [16]:

r 2
2 _ v (me—np)”
Xt = k:Zl - (16)

where 1) stands for actual frequency and npy is the theoretical frequency based on a hypoth-
esis distribution. When the frequency is large, the statistic is in an approximate chi-square
distribution. The bigger chi-square value means longer distance and stronger difference.
The table below explains the actual frequency and theoretical frequency calculated by
each distribution. For easy comparison, the actual frequency is a positive integer, and
the theoretical frequency is accurate to one decimal place. Table 6 lists test frequencies
under various hypothetical distributions, including actual and theoretical frequencies. The
difference in actual and theoretical frequencies of the three distributions is far from obvious.

Table 6. Hypothesis test frequency for life distribution.

Theoretical Frequency

Actual
MO Frequency  Nommal Distibution  eBEEINERe KRS Bty
1 12,11 12.7,10.3 12.3,10.7 119,111
2 6,8 7.0,7.0 7.6,6.4 7.4,6.6
3 6,9 7.0,8.0 76,74 74,76
4 7,7 8.7,5.3 57,83 5.6,8.4

Provided that k unknown parameters in theoretical distribution need to be replaced
by a corresponding estimator, then 1 — oo, statistic x distribution is asymptotical to x>
distribution with I — k — 1 degrees of freedom, and [ is the number of intervals of test data.
According to the theorem, for a given significance level g, critical value x? is obtained by
looking up the distribution table:

P(X2 > Xﬁ) =u (17)

Obtain rejection region:
X >l —k=1) (18)

If the measured value of statistic x? calculated according to the given sample value
X1,%2,..., %y falls into the rejection region, the null hypothesis is rejected. Otherwise, the
difference is considered insignificant and the null hypothesis is accepted.

Propose a hypothesis for statistical data of wind-induced fatigue of curtain wall:
fatigue life data obeys normal distribution, generalized extreme value distribution, and
kernel distribution. The default intervals are 10, 2 unknown parameters of the normal
distribution, 3 unknown parameters of GEV distribution, and 1 unknown parameter
of kernel distribution. According to them, the critical value x? corresponding to the
corresponding significance level a can be found on the quantile table on the upper side
of the chi-square distribution. Table 7 lists the chi-square test parameter calculation and
search results.
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Table 7. Hypothesis test parameters for life distributions.
Normal Distribution Generallz.ed.Extr.e me Nuclear Distribution
Node Value Distribution

X x5 x* X2 (6) X X2 ®
1 0.0772 0.0167 0.0036
2 0.3128 0.6958 0.5447

14.067 @ @———— 12592 ——————— 15507
3 0.2864 0.6904 0.5598
4 0.8864 0.0337 0.0415

It shows from the table, )(2 values of four selected nodes are all much smaller than
X2, indicating that the null hypothesis is established, and fatigue life data obey the above
three distributions. Among them, the calculated value of the chi-square distance of node 1
for three distributions is small, meaning the degree of conformity is good. On the whole,
the minimum value is found in the calculation of Node 1 to the kernel distribution, which
is consistent with the statistics of life probability distribution in the previous part. The
maximum value appears in the calculation of Node 4 to a normal distribution, less than 1,
indicating that fatigue life data are in good agreement with the three distributions.

3.3. Distribution Law of Fatigue Life

In this study, Node 4 was selected as a representative to analyze the wind-induced
fatigue life distribution law of curtain wall supporting structure. Figure 9 describes a
schematic diagram of the orientation of each partition, and fatigue analysis is performed
on the glass curtain wall in the northwest zone with greater stress.

SW SE
A49 S AS1
AS0

Figure 9. Partition azimuth.

In this paper, the probability life is used to reflect the degree of fatigue damage, and
the probability life (P-Cycle) is the product of the probability of the condition (Probability)
and the fatigue life (Cycle). In general, the probability life of nodes in different regions is
between 0~10'¢ and obviously distributed in three regions. According to the probability life
distribution in the northwest area (Figure 10), working conditions with high probability life
(bluish area) mainly face wind velocity 0~5 m/s and an azimuth angle between 30°~120°
and 240°~260°. Working conditions with middle probability life (greenish area) mainly
experience wind velocity 4~8 m/s and azimuth angle 0°~360°. Wind velocity 8~15 m/s
and an azimuth angle 50°~100°, 120°~200°, and 260°~300° are found in working conditions
with low probability life (reddish area), and this part accounts for the largest proportion of
all probability life conditions.
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Figure 10. Node-azimuth-wind velocity-probability life in northwest region.

Table 8 introduces 10 working conditions with shorter probability life at Node 4. On
the whole, the probability life of node 4 is distributed between [10%, 101]; the probability
of a single working condition is generally below 0.01%, with a maximum of less than
0.02%; the azimuth is distributed between [190°, 365°], and wind velocity is between
[8, 12]. According to the calculation, about 95% of fatigue damage takes place in the first 30
working conditions, and the fatigue damage value is between 3.5 x 1073~9.36 x 10~2. The
total damage of node 4 calculated in this paper is about 103 orders of magnitude, and the
fatigue damage of bolt of curtain wall aluminum calculated in the literature [17] is between
1073~10~° orders of magnitude, which is not much different from the total fatigue damage
calculated in this paper and can be used as a comparison.

Table 8. Some working conditions with shorter probability life of node 4 in northwest area.

SIN Azimuth (°) Wind Velocity (m/s) Probability Life (10N) Probability Life (10N)
1 75 11.1 3.69 x 10~8 10.45 3.01
2 240 10.1 217 x 107° 7.76 3.10
3 225 10.1 2.07 x 107> 7.81 3.13
4 300 7.1 5.89 x 1072 7.42 3.19
5 360 12.1 1.47 x 10~* 7.04 3.21
6 330 9.1 1.90 x 1074 6.96 3.24
7 30 9.1 1.03 x 107 8.28 3.30
8 315 8.1 1.77 x 1074 7.12 3.36
9 195 9.1 2.30 x 107> 8.00 3.37
10 15 10.1 3.64 x 1077 9.88 3.44

4. Conclusions

This study mainly explores wind-induced fatigue of curtain wall supporting structures,
providing a reference case for the wind-induced fatigue analysis of similar structures. The
research process and conclusion are listed:

(1) The wind tunnel test and finite element analysis of the curtain wall model show
that the maximum wind pressure of the wall partition of Block A is 1.89 kPa, which
occurs in the northwest area. The maximum equivalent stress value obtained by static
analysis of the curtain wall is 26.173 Mpa, and the connection between structure and
aluminum alloy frame is applied with larger stress.

(2) Introduce a joint distribution model to fit local wind velocity and direction. The
results indicate that the probability density function of extreme value type Il is in good
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agreement with the local wind velocity and direction distribution. Corresponding
parameters are calculated in accordance with the wind velocity probability density
model and azimuth probability density model, to form a joint probability density
function of wind velocity and direction.

(3) Data are regressed by the radial basis neural network regression algorithm, and the
regression deviation is tested. According to findings, fatigue life data obey the normal
distribution, generalized extreme value distribution, and kernel distribution; azimuth
angles of 50°~100°, 120°~200°, and 260°~300° are found in working conditions with
low probability life, and this part accounts for the largest proportion of all proba-
bility life conditions. About 95% of fatigue damage is found in the first 30 working
conditions, with fatigue damage value between 3.5 x 1073~9.36 x 102.
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