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Abstract. The quick and efficient simulation of wind speed profiles is a neces-

sary condition for performing time history response analysis of bridges. This pa-

per introduces the harmonic synthesis method for simulating wind fields and ap-

plies it to simulate the random wind field at the location of the Hanjia River 

Yangtze River Bridge on the Yuli Railway. The paper also provides a detailed 

comparison of the effects of different aerodynamic admittance functions on the 

fluctuating wind speed spectrum. The explicit Cholesky decomposition of the 

wind speed spectrum density matrix is performed, and the simulation efficiency 

is greatly improved by using FFT techniques. A wind field simulation program 

is developed, and the correctness of the program is verified by comparing the 

wind speed spectrum and correlation functions, laying a solid foundation for the 

effective analysis of wind-induced vibrations in structures. 
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To perform time history analysis of large-span bridge structures under buffeting vibra-

tions, it is necessary to first computationally simulate a random wind field. The Monte 

Carlo method is a direct and effective approach that utilizes computational simulation 

techniques to generate random wind speed samples for atmospheric boundary layer 

wind fields with given spectral characteristics. These samples are then used to analyze 

the dynamic response of the structure using linear or nonlinear methods. 

From prior studies, natural wind turbulence may be modeled as a consistent Gauss-

ian random process. If we view the wind's pattern as an accumulation of random wind 

waves across specific spatial positions, we can analyze the random pattern as a one-

dimensional multivariate random process. When employing the Monte Carlo method, 

there exist two primary approaches for simulating such multivariate random processes. 

The first category is the harmonic synthesis method (WAWA method). Harmonic 

synthesis is a traditional method that utilizes spectral decomposition and trigonometric 

series superposition to simulate samples of random processes. Rice [1] proposed the 

basic idea of harmonic synthesis, initially only able to simulate one-dimensional, 
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single-variable stationary Gaussian random processes. Borgman [2] and Shinozuka [3] 

addressed the simulation problem of multi-dimensional, multivariate, and even non-

stationary random processes. Their methods have been widely applied and continuously 

improved. Yang [4] integrated FFT techniques into the computations, greatly improving 

the computational efficiency of this type of method. Yamazaki [5] proposed the iterative 

WAWS method for simulating non-stationary random processes, and Deodatis [6] intro-

duced the concept of frequency bivariate indexing and proposed a new harmonic syn-

thesis method for simulating multivariate stationary Gaussian random processes. Cao 

Yinghong applied the explicit decomposition of the spectral matrix in special cases, 

significantly improving the computational efficiency of this method, and successfully 

simulated the fluctuating wind speed of the main beam of a large-span bridge. 

The second category of methods utilizes linear filtering techniques (such as AR, MA, 

ARMA, etc.). Linear filtering techniques are widely used in the analysis of random 

vibrations and time series analysis. Gerch [7] was one of the early researchers who ap-

plied linear filtering techniques to generate random time series and other engineering 

problems. This method opened up a new approach for random simulation due to its 

convenience and speed. Since then, many scholars have continuously improved the lin-

ear filtering method, developing it to simulate multi-dimensional and multivariate ran-

dom processes using AR, MA, and ARMA models. Spanos, Samaras, Mignolet, Li & 

Kareem, Paola, and other researchers have made significant contributions in this field 

[8-12]. Reed & Scanlan, Iazzunni, Huang, and others have applied these methods in the 

simulation of turbulent wind fields [13-15]. Among them, the autoregressive model AR(p) 

for multivariate random processes is widely used in the linear filtering method. 

This paper focuses on the engineering context of the Hanjia River Yangtze River 

Bridge, specifically the 432m main span of the Yuli Railway. It utilizes the harmonic 

synthesis method (WAWS method) to replicate the random wind conditions around the 

bridge. The simulation takes into account various aerodynamic admittance functions, 

verifying the accuracy of the simulated random wind by comparing power spectra and 

correlation functions. 

2 Fluctuating Wind Speed Spectrum 

In the process of wind field simulation, due to the lack of observed data for strong wind 

fluctuation time history at the bridge site, the wind spectra and coherence functions in 

the bridge site area are expressed using commonly used forms from foreign sources. 

The spectra for the transverse and longitudinal wind speeds are represented by Simiu 

spectra that vary with height, while the vertical wind speed spectrum is represented by 

the Lumley-Panofsky spectrum. 

Simiu Transverse and Longitudinal Wind Speed Spectra: 
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Lumley-Panofsky Vertical Wind Speed Spectrum: 
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Where: f - Monin-Obukhov coordinate; n - Frequency; u* - Friction velocity. 

The coherence function is expressed using the Davenport form: 
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Where: λ - Dimensionless attenuation factor, conservatively taken as 7; Uz— Mean 

wind speed at height Z; rij— - Distance between points j and m. 

3 Pneumatic admittance function 

The approach adopted in this paper involves employing the harmonic synthesis tech-

nique for simulating the fluctuating wind patterns. In the case of a zero-mean, one-

dimensional Gaussian process with n variables, the cross-spectral density matrix is ex-

pressed by the equation. 
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The Cholesky decomposition is applied to matrix ( )0S in equation: 

 ( ) ( ) ( ) = THHS 0

 (5) 

where )(H  is the lower triangular matrix and )(* TH  is its complex conjugate 

transpose. 
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In equation (6), the diagonal elements are non-negative real functions of ω, and the 

off-diagonal elements are generally complex functions of ω. 

For the diagonal elements  

( ) ( ) njHH jjjj ,,2,1 =−= 
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For the off-diagonal elements 
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As N→∞, the samples of the random process can be simulated using the following 

equation[16]: 
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Where  nj ,,2,1 = ;N is the frequency subdivision numbe; 

Δωis the frequency increment, 
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φml is an independently random phase uniformly distributed between 0 and 2π; 

ωu is the upper cutoff frequency, which can be estimated using the following equa-

tion,  
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Where S(ω) is the power spectral density function, and ε is much smaller than 1 

(such as 0.01 or 0.001). 

By applying FFT techniques, the formula for simulating the wind speed time history 

can be written as follows: 
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Where   p=0,1,2…M×n-1; q=0,1,2,…2N-1;M≥2N; 
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The value of )( lB
jm  can be determined using the following equation: 
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From equation (10), )( tqh
jm

 can be seen that can be computed efficiently using 

FFT techniques, significantly reducing computational workload. 

In long-span cable-stayed and suspension bridges, the main girder typically main-

tains a consistent height throughout its entirety. Under minimal variation in topography 

across the transverse direction, an assumption can be made that simulated points along 

the main girder share an equivalent mean wind speed and pulsating wind speed spec-

trum, thereby. 
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In this case, 
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When the simulated points are equidistantly arranged, mjr
jm

−= ,  with a spacing 

of Δ, the coherence function can be written as: 
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where: 
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The cross-spectrum can be written in the following form: 
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By using an analytical method, an explicit expression for the Cholesky decomposi-

tion H(ω) of the above equation can be obtained, as shown in equation (16), where. 
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where: 
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The above equation can be written in algebraic form as: 
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4 Simulation of Random Wind Field [17] 

A simulation of the random wind field at the main beam of the Hanjiatu Yangtze River 

Bridge was conducted using the harmonic synthesis method. The equivalent spectral 

method was employed to simulate the wind field. The influence of aerodynamic admit-

tance functions was taken into account. Three types of aerodynamic admittance func-

tions were considered: 

(1) No consideration of the aerodynamic admittance function, i.e., setting the aero-

dynamic admittance function equal to 1. 

(2) Adoption of the Sears aerodynamic admittance function for lift and moment ad-

mittances: 
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(3) Adoption of the aerodynamic admittance functions derived from the study of the 

Balinhe River Extra-large Bridge: 

Lift admittance function: 
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Drag admittance function: 
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Moment admittance function: 
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where k is the reduced frequency, B is the bridge width, and U is the mean wind 

speed. 

Table 1 displays the simulation and calculation parameters. Figures 1 and 2 show-

case the simulation results, whereas Figure 3 offers a juxtaposition of the target spec-

trum and simulated spectrum, along with the target correlation function and simulated 

correlation function. The visuals illustrate a compelling alignment between the power 

spectral density curves and correlation function curves in comparison to the target 

curves, affirming a commendable simulation performance. 

Table 1. Parameters for Simulating Turbulent Wind Speed 

Bridge Span 864m Cutoff Frequency 4  

Height of Main Beam 

from Ground 
69m 

Fraction of Fre-

quencies 
2048 

Surface Roughness 0.22m 
Sampling Time 

Interval 
0.04s 

Average Wind Speed at 

the Main Beam 
29.0 

Number of Simu-

lated Samples 
8192 

Number of Simulation 

Points 
65 

Horizontal Wind 

Spectrum 
Simiu spectrum 

Spacing between Simula-

tion Points 
13.5m 

Vertical Wind 

Spectrum 

Lumly-Panofsky spec-

trum 

Due to the lack of observed data on strong wind fluctuation time history at the bridge 

site, the wind spectrum and coherence function at the bridge site are expressed using 

commonly used forms from international sources. The lateral and longitudinal wind 

speed spectra adopt the Simiu spectrum, which varies with height, while the vertical 

wind speed spectrum adopts the Lumley-Panofsky spectrum. 

Simiu Spectrum for Lateral and Longitudinal Wind Speeds: 
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Lumley-Panofsky Spectrum for Vertical Wind Speed: 
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Where: f - Monin-Obukhov coordinate, n - frequency, u* - friction velocity. 

The coherence function is formulated using the Davenport expression: 
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Where: λ - dimensionless attenuation factor, conservatively taken as 7; UZ - mean 

wind speed at height Z; rjm - distance between points j and m. 

 

Fig. 1. Partial Time History of Horizontal Wind Speed at Points 1 and 64 

 

Fig. 2. Partial Time History of Vertical Wind Speed at  Points 1 and 64 
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Fig. 3. represents the correlation function of the pulsating wind field in the transverse direction 

of the main beam 

5 Conclusions 

Accurate simulation of wind speed timelines is crucial for analyzing bridge responses 

in the time domain. This paper presents the harmonic synthesis method to simulate 

wind fields. It derives the explicit expression for Cholesky decomposition of the cross-

spectral density matrix and enhances simulation efficiency using FFT techniques. Fur-

thermore, the paper extensively compares how various aerodynamic admittance func-

tions impact the pulsating wind speed spectrum. It concludes by developing a wind 

field simulation program and showcasing a case study of the Hanjiatuo Yangtze River 

Bridge on the Yuli Railway. This work forms a strong basis for effective structural 

time-domain analysis of wind-induced vibrations. 
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