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Abstract.   With the assistance of typhoon field data at aerial elevation level observed by meteorological 
satellites and wind velocity and direction records nearby the ground gathered in Guangzhou Weather Station 
between 1985 and 2001, some key wind field parameters under typhoon climate in Guangzhou region were 
calibrated based on Monte-Carlo stochastic algorithm and Meng’s typhoon numerical model. By using Peak 
Over Threshold method (POT) and Generalized Pareto Distribution (GPD), Wind field characteristics during 
typhoons for various return periods in several typical engineering fields were predicted, showing that some 
distribution rules in relation to gradient height of atmosphere boundary layer, power-law component of wind 
profile, gust factor and extreme wind velocity at 1-3s time interval are obviously different from 
corresponding items in Chinese wind load Codes. In order to evaluate the influence of typhoon field 
parameters on long-span flexible bridges, 1:100 reduced-scale wind field of type B terrain was re-illustrated 
under typhoon and normal conditions utilizing passive turbulence generators in TJ-3 wind tunnel, and 
wind-induced performance tests of aero-elastic model of long-span Guangzhou Xinguang arch bridge were 
carried out as well. Furthermore, aerodynamic admittance function about lattice cross section in mid-span 
arch lib under the condition of higher turbulence intensity of typhoon field was identified via using 
high-frequency force-measured balance. Based on identified aerodynamic admittance expressions, 
Wind-induced stochastic vibration of Xinguang arch bridge under typhoon and normal climates was 
calculated and compared, considering structural geometrical non-linearity, stochastic wind attack angle 
effects, etc. Thus, the aerodynamic response characteristics under typhoon and normal conditions can be 
illustrated and checked, which are of satisfactory response results for different oncoming wind velocities 
with resemblance to those wind tunnel testing data under the two types of climate modes. 
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1. Introduction 
 

At present, wind-induced vibration theory and wind-resistant structural design usually base 
themselves on normal climate, in other words, non-typhoon condition, such as monsoon and cold 
snap. Wind field parameters, including gust factor, profiles concerning mean wind and turbulent 
intensity, turbulent integral scale, wind spectrum equation etc., are mainly related to monsoon 
condition in non-typhoon regions. However, it’s well known that many high-rise buildings and 
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long-span bridges located in typhoon-prone coastline areas are very sensitive to wind dynamic 
action through some investigation about the on-site measurements, wind tunnel tests and 
numerical calculation (Xu and Zhan 2001, Li et al. 2002, Campbell et al. 2005, Li et al. 2004, 
2008, Zhao et al. 2013, Ma et al. 2013), and wind environment parameters and wind-induced 
vibration characteristics during typhoons also differ from normal climates (Zhu 2002, Zhu et al. 
2012). The indication is that turbulent intensity and gust factor nearby the ground could be larger 
than predefined values from wind loading Codes, the slope ratios of mean wind profile under 
typhoon are less than corresponding values in normal condition (Mikitiuk and Isyumov 1994, 
Amano et al. 1999, John and Chou 2001). As expected, design wind loading and wind-excited 
responses of flexible structures are also quite different between the two types of climate modes 
(Pande et al. 2002, Zhu 2002, Eamon et al. 2007). Despite the western Pacific Ocean region, 
including southeastern coast of China and most of Korea and Japan, are seriously affected by 
strong typhoons with the highest recorded wind velocities, investigations about typhoon dynamic 
action on high rise buildings and long-span bridges are so deficient that it has posed a thorny 
problem to the structural engineers. 

 
 

2. Typhoon field parameters 
 
Design wind loads for structures in coastal areas are usually governed by strong typhoons. In 

order to reasonably determine design wind velocities for these structures by means of standard 
statistical techniques, at least several decades of annual or lunar extreme wind observations would 
be needed at the proposed construction site. However, such data bases, which would allow 
reconstruction of the wind climate caused by typhoons, rarely exist because typhoons are relatively 
small in size and infrequent in occurrence. An alternative approach to formulate design wind loads 
in areas which are dominated by tropical cyclones was first suggested by Russell (1971) and then 
developed by a number of researchers (Meng and Matsui 1995, 1997, Vickery and Skerlj 2000, 
etc.). The advantage of such approach is that multiple time histories of tropical cyclones in a given 
locality can be created by computer simulation with the employment of the so-called "Monte 
Carlo" method. These are then applied to provide estimates of extreme winds over what are, in 
effect, long periods of time. Within the simulation, probability distributions of tropical cyclone 
parameters (such as annual occurrence rate, moving paths, translation velocity, radius of maximum 
winds, central pressure difference and decay rate after landfall) are first determined from the 
observation data, followed by prediction of wind field associated with them. 

Xinguang long-span arch bridge (see Figs. 1 and 2), located in vicinity of Guangzhou 
downtown across the Zhu River, a typical typhoon-prone coastal area, was selected to conduct case 
study on aerodynamic action under strong typhoons. A lot of macroscopical or “large-scale” 
parameters about tropical cyclones from meteorological satellites during typhoon movements that 
had unquestionably affected construction fields over the past 50-odd years, were obtained from the 
Chinese Meteorological Bureau. Totally, 165 typhoons moving tracks across Guangzhou region 
from 1949 to 2001 and local geographical map are illustrated in Figs. 3(a) and 3(b). Wind velocity 
and direction records nearby the ground surface continuously measured in the Guangzhou Weather 
Station neighbouring the construction fields (beeline distance less than 20km, showed in Fig.3(c)) 
for the past 25-35 years (1985-2001) were also collected. 
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Fig. 1 General arrangement drawing of the main bridge of Xinguang Bridge (Unit: mm) 
 
 

Fig. 2 Cross section of main girder of Xinguang Bridge (Unit: 100 mm) 
 
 

 
(a) From 1949 to 1984 , totally 106 tracks 

 
(b) From 1985 to 2001, totally 59 tracks 

 
(c) Geographical position about Xinguang Bridge and weather station 

Fig. 3 Moving tracks of 165 typhoons and geographical map 
 
 

423



 
 
 
 
 
 

Yaojun Ge and Lin Zhao 

 

 
Table 1 Definition of field stochastic parameters during typhoons 

Var./Unit Coefficient of variation Upper /Lower limitation 
Distribution  

type 
ΔP (kPa) 0.2  Normal 
Rm (km) 0.4  Normal 
c(m/s) 0.5  Normal 

β  1.0～2.5 Uniform 

La (°) 0.067  Normal 
Lo (°) 0.0154  Normal 

z0 (B)   0.01～0. 1 Uniform 

z0 (C)   0.1～0. 4 Uniform 

 
 

Definition of wind field stochastic parameters during typhoons are listed in Table 1 as well, in 
which ΔP is central pressure difference between periphery pressure and central (minimum) 
pressure, Rm is radius of maximum winds, c is translation velocity of typhoon, β is horizontal 
pressure profile constant, La and Lo are latitude and longitude of typhoon center, z0(B) and z0(C) 
are ground roughness length for standard Type B and C terrain, respectively. Some key parameters, 
which have larger sensitivity indices calculated by Finite-difference method, could be calibrated 
by on-site measurement data directly or indirectly. With the aid of Monte-Carlo stochastic 
simulation methods and the Meng’s typhoon numerical model (Meng et al. 1995), the design wind 
parameters for typical terrains could be predicted by using Peak Over Threshold method and 
Generalized Pareto Distribution. In the process of Monte-Carlo simulation, some basic statistical 
relation involving typhoon field parameters are introduced and compared, including Rm and ΔP 
expressions fitted by Yasui et al. (2001) shown as Eq. (1) 

  27.141006.2  PRE m                      (1) 

in which, E() means average value of Rm. Horizontal pressure profile coefficient β can be defined 
as the function of Rm and ΔP. In this investigation, Jakobsen equation shown as Eqs. 2(a) and 2(b) 
(Jakobsen et al. 2004) and FEMA expression (FEMA, 2003) proposed by U.S. Federal Emergency 
Management Agency listed as Eq. (3) are utilized 
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in which, e=2.71828, r2=1.05, ρA=1.15kg/m3, Kp and β are fitted parameters, Kp=12.36, α=0.73. 
For the sake of brevity, more details can be referred to in some journal papers (Ge et al. 2002, 
Zhao et al. 2005, 2007, 2013). Meanwhile, the wind field parameters of the construction field 
under normal climate can be determined from basic wind pressure map or probability statistical 
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results from nearby meteorological stations.  
Since ground roughness length z0 and horizontal pressure profile constant β have larger 

sensitive indices about design wind velocity in the domain of typhoon, the randomness about z0 
and β could not be ignored safely. Some calibration steps are required in light of on-site 
measurement data during typhoons. In order to estimate error, three standards, as Eqs. (4)-(6), are 
accordingly defined to evaluate Monte-Carlo typhoon simulation results and those measured in 
Guangzhou Meteorological Station 
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in which, n is typhoon occurrence times recorded in the meteorological station, vo,i is the ith 
observed maximal wind velocity, vc,i is the ith calculated value, vo,N is the observed maximal wind 
velocity for N years return period, vc,N is the predicted result from Monte-Carlo method for N years 
return period. 

For the field condition about Guangzhou Meteorological Station, considering historical 
transition of the adjacent buildings around the weather station, the calibration process can be 
divided into two stages: namely, before 1984, while β lies in 1.00-2.50 and z0 is equal to 0.125 
close to standard B type terrain, then after 1985, while β lies in 1.00-2.50 and z0 is equal to 0.250 
close to standard C type terrain, the best analysis result can be obtained based on stochastic 
typhoon gradualness comparison standard (see Eqs. (4)-(6)). Some on-spot observed records about 
wind velocity procedures from 1985 to 2001 are also collected. In order to take into account more 
observed typhoon procedures and avoid the disturbance from other climate modes, such as 
monsoon and cold current, the wind velocity lower limitation should larger than wind force eight 
(namely 15 m/s at 10min time interval). So, totally 39 typhoon records were selected, in which the 
minimal wind velocity is 15.6m/s, and maximal wind velocity is 29.0m/s. Though, all the records 
are less than the stand strong typhoon records, the records can show the characteristics during the 
decay stage in Northwestern Pacific Ocean. In Fig. 4, comparison between measured and 
simulated wind velocity in Guangzhou Meteorological Station in 39 strong typhoon records with a 
height of 10 m from the ground is demonstrated, and satisfactory agreement between them is 
almost the total. Mean square departure D1 is 23.0%-33.0%, mean departure D2 is -1.6%-1.0%, 
while mean departure about various return periods D3 can also be limited in 5.0%-14.0%. 

Using the above optimized field parameters, some wind distribution characteristics about 
gradient height, mean and instantaneous velocity profile in typhoon boundary layer, can be 
simulated with improved accuracy, in which modified formulas with regard to turbulent intensity 
and gust factor, original suggested by Sharma (Sharma and Richards 1999) from Australia wind 
loading Code AS1170.2-1989, are adopted and can be written as 

)()( TCNonITCI uu                         (7) 
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Fig. 4 Comparison between measured and simulated wind velocity in Guangzhou Meteorological Station

 
 

 TCITC uG 7.31)(                            (8) 

in which TC indicates the domain of typhoon, Non-TC is the domain of non-typhoon, Iu is 
turbulent intensity, γG is gust factor, and for Type A-D terrains, modification coefficient α is 1.60, 
1.48, 1.36, 1.24, respectively. 

Wind field parameters regarding Xinguang Bridge construction field through no less than 104 
Monte-Carlo stochastic simulations are listed in Table 2. As expected, two types of climate modes 
vary in characteristics, and in fact, for different height from the ground surface to the gradient 
height, they dominate design wind velocity, respectively. Some conclusions can be drawn that 
gradient height under typhoon is usually lower than normal climate with gust factor featuring 
reverse tendency. From the height of 10 m to 55 m (average main girder height), design mean 
wind velocity is governed by normal climate. In the case of Type A terrain, instantaneous wind 
velocity of normal climate at the height of average main girder is higher than 13.3% in typhoon 
climate, while in Type B terrain, instantaneous wind velocity of typhoon climate at the height of 
average main girder is greater than 13.1% in normal condition. In a word, the instantaneous wind 
velocity under two types of terrains dominates design wind loads, respectively. 

 
 

Table 2 Wind field parameters for A and B terrain (100y return period) 

Type terrain A  B  
Climate mode Normal Typhoon Normal Typhoon 

Power exponent of profile 0.12 0.062 0.16 0.08 
Gradient height (m) 300.0 100.0 350.0 150 

10m height 
Gust factor 1.38 1.83 1.38 1.93 

Mean velocity (m/s) 39.6 32.5 33.4 34.9 
Instantaneous velocity (m/s) 54.6 59.5 46.1 67.4 

Average main  
girder height 

(55 m) 

Gust factor 1.38 1.59 1.38 1.71 
Mean velocity (m/s) 48.6 36.1 43.9 40.0 

Instantaneous velocity (m/s) 67.1 57.4 60.5 68.4 
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Fig. 5 Sam (1999) typhoon moving track across Guangzhou region 
 

 
Wind spectrum function under normal climate can be referred to Chinese Codes, in which 

Simiu and Panofsky functions are selected as horizontal and vertical wind spectrum, respectively, 
shown as the below in Eqs. (9) and (10). 

Simiu spectrum:  
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 Panofsky spectrum:  
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in which S(n) is horizontal or vertical power spectrum function, n is frequency component about 
fluctuating wind velocity history, f=nz/U(z) is reduced frequency, u* is the friction velocity at the 
surface. 

The definition about spatial coherence function is also given as below (see Eq. (11)). For j 
direction, in which j means x, y or z coordinate, so for the two spatial points with the distance ri in 
which i means u, v or w fluctuation component of wind, U(z) is the mean wind velocity at the 
height of z. Spatial correlation function Cohij(f) could be expressed as 
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in which λi j is non-dimensional decay factor, lies between 7-20. 
With a view to describing the fluctuation of stochastic wind during typhoons, fitted spectrum 

expression of Sam strong typhoon (Fig. 5 thick solid line), which severely affected Guangzhou 
region in 1999, is defined as input wind spectrum as 
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(a) Horizontal spectrum (b) Vertical spectrum 

Fig. 6 Fitting power spectrum expressions about Sam (1999) strong typhoon 
 
 
where a,b,c and m are fitting parameters. There are distinct changing tendency regarding reduced 
power spectrum density distribution between normal and typhoon climates, especially, while 
reduced frequency f is less than 0.2, indicating that wind-induced vibration of flexible structures 
would differ to a large extent in the lower reduced frequency scope for under types of climates, 
illustrated in Fig. 6 (Zhu 2002). 

 
 
3. Aerodynamic loading 

 
The aerodynamic forces acting on 2-D line-like cross-section of bridge girder or arch can be 

formulated as 

                   sebstG FFFFKXXCXM                      (13) 

in which M, C, and K are mass, damping and stiffness matrix. X is displacement vector, including 
lateral, vertical and torsional movements. FG, Fst, Fb and Fse are gravity, static wind force, 
stochastic buffeting force and self-excited aerodynamic force, respectively. 

 
3.1 Self-excited force 
 
The motion-dependent aero-elastic forces distributed on unit span of bridge girder are 

expressed as a linear function of nodal displacement and nodal velocity (Scanlan 1978, Jain et al. 
1996). The effect of self-excited force, describing complicated interference between moving 
cross-section and atmospherical flow, can be equivalently treated as combination about 
aerodynamic stiffness and aerodynamic damping (Namini 1991), like this 

XCXKF sesese
                           (14) 

    bstGsese FFFXKKXCCXM                (15) 

in which aerodynamic stiffness and damping matrix can be expressed as  
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where ρ is air density, U is oncoming mean wind velocity, Kcr is reduced frequency matrix, B and 
Le are width and length items of moving cross-section, Pi

*, Hi
* and Ai

* are flutter derivatives for 
lateral, vertical and torsional movements. For the sake of brevity, some detailed derived steps are 
ignored. The commercial software ANSYS has provided a kind of special element types, 
MATRIX27, which could be defined by customers so that we can utilize this convenience to 
realize the above mentioned aerodynamic stiffness and damping effects through the additory 
couple MATRIX27 elements at the end of realistic elements to describe the self-excited 
aerodynamic force effect (Fig. 7). 

 
3.2 Buffeting force 
 
At present, the wind-induced stochastic buffeting analysis is still based on quasi-steady theory 

considering admittance function modification. Traditional Liepmann’s approximation to Sears 
function derived from thin plate and streamline aerofoil, or so-called maximal value 1.0 
approximated as the possible upper limitation are usually applied in practical engineering 
application. In this investigation, the wind induced lateral response have prominent role in the 
wind excited performance of long-span arch bridge, especially for flexible arch lib, so more 
attentions about admittance function identification and application is only focused on along wind 
aerodynamic loads. The buffeting force expressions in time-domain and frequency-domain about 
cross section (i.e., drag force) can be written as 
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Fig. 7 Additory aerodynamic MATRIX27 element on structural element 

 
 

in which D is drag buffeting force in the lateral movement direction, C means static aerodynamic 
coefficient, C´ defines the derivative to wind attack angle, χ represents aerodynamic admittance 
function, u and w are horizontal and vertical fluctuating wind components. 

Sears function was originally derived from thin aerofoil in isotropy flow field, but most of 
bridge cross sections have the characteristics of blunt body, more or less, so we have to face the 
doubt concerning whether or not the Sears function deriving from streamline structures is still 
suitable for blunt parts in long-span bridge structures. Considering the absence of time-domain 
admittance formula, an alternative method can be used: firstly, modify the wind spectrum 
expressions  uS  and  wS  by multiplying admittance function in frequency-domain, that are 

  uDu S
2

 and   wDw S
2

; then, change modified wind spectrum into time history using 

harmonic wave combination technique. Stochastic wind history along the arch lib and main girder 
in Xinguang Bridge are numerical simulated. Based on the requirement from Wind Loading Codes 
from various countries, the correlation between longitude and vertical wind component is assumed 
to be non-correlated, and coherence function about different spatial points for longitude or vertical 
direction are set to follow the relationship like. In order to simulate spatial points stochastic wind 
histories simultaneously, improved Deodatis algorithm are used (Deodatis 1996, Ding et al. 2011), 
which is the commonly-used algorithm and can guarantee the simultaneous simulation about 
stochastic process.  

For the convenience of usability, equivalent expression (drag item) about multi-components 
admittance function have been proposed as 
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                     (20) 

in which,  2
KDD  is equivalent admittance in drag force direction, 

2

Du  and 
2

Dw define the 

crisscross admittance components regarding u and w direction. So, the drag spectrum can be 
changed into the simplified expression 

                wLDuDDDD SCCSCKBUS 222222 41              (21) 

The  2
KDD can be identified using high-frequency force-measured balance and be fitted 

using double logarithm coordinate third-order multinomial as 
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where ai are fitting parameters, ω defines circular frequency. The goal spectrum     uDD SK
2  

and     wDD SK
2 , which are modified with equivalent admittance function, can be changed into 

fluctuating wind history by using harmonic wave combination method, and the stochastic wind 
time-domain signal  tuDu  and  twDw  can be finally obtained. In fact, the phasic angle 
information about oncoming wind dynamic action are more or less ignored in the above 
conversion process from fluctuating wind to aerodynamic load, however, the statistical results of 
wind induced response are still of rationality. 

 
 

4. Case study of engineering application 
 
4.1 Flow condition and aerodynamic parameters 
 
In this study, Xinguang long-span steel-lattice arch bridge, located in southeastern coast of 

China, belonging to typical typhoon-prone regions, is selected as numerical examples, shown as 
Figs. 1-3. The basic design and aerodynamic parameters concerning Xinguang Bridge are 
presented in Table 3, and the main natural frequencies and mode shapes is also listed in Table 4. It 
is clear that the several dominated modes with lower frequency values come from the contribution 
of main arch movement. The static wind coefficient and aerodynamic derivatives for various wind 
velocities and wind attack angles are identified basing on 2-D cross section wind tunnel tests like 
other most commonly-used wind-resistance procedures, and the full-scale aeroelastic model with 
1:100 reduced-scale ratio was also designed and manufactured in TJ-3 wind tunnel (Fig. 8).  

 
 
Table 3 Basic parameters about Xinguang arch bridge 

Structural type 428 m steel-lattice arch bridge 
Average girder height (m) 55.0 

Main arch size in mid-span 
Width (m) Height (m) 

30.7 7.6 
Vibration type Vertical Lateral Torsion 

Dynamic characteristics
Frequency (Hz) 0.521 0.218 1.155 
Damping ratio 4.2‰ 6.4‰  

Static aerodynamic items Lift force Drag force Moment 

0°attack angle 
Mean value -0.002 0.261 0.001 
Slope ratio 0.126 -0.010 -0.026 

Self-excited aerodynamic items Lift force Drag force 
0°attach angle H1 H4 P1 P4 

Main derives (normal) -1.462 -2.235 1.009 -0.560 
Main derives (typhoon) -1.450 -1.757 1.112 -0.314 
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Table 4 Some natural frequencies of bridge and its mode shapes 

No. Fre. /Hz Mode shape 
1 0.218 First order symmetric lateral bending of main arch 
2 0.417 Second order antisymmetric lateral bending of main arch 
3 0.418 First order symmetric lateral bending of main girder 
4 0.521 First order symmetric vertical bending of main girder and arch 
5 0.691 Second order antisymmetric vertical bending of main girder and arch 
6 1.155 First order symmetric torsion of main girder 
7 1.169 Second order antisymmetric torsion of main girder 

 
 

 
Fig. 8 1:100 aeroelastic model of Xinguang Bridge in TJ-3 wind tunnel 

 
 
To investigate the effects of climate mode on wind-induced vibration quantitatively, the case 

study about Xinguang Bridge are therefore carried out. Firstly, the passive turbulent generators, 
such as triangle and rectangle spine and various roughness blocks are used in TJ-3 wind tunnel to 
re-illustrate the 1:100 reduced-scale wind fields about Type B terrain under normal and typhoon 
conditions (see Fig. 9), and mean wind velocity and turbulent intensity profile are in good 
agreement with Codes definition during normal climate and Monte-Carlo predicted values about 
typhoon modes (see Table 2, Figs. 10 and 11). 

 

(a) Normal climate wind field, Type B (b) Typhoon climate wind field, Type B 

Fig. 9 Passive turbulent generators in TJ-3 wind tunnel 
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Fig. 10 Wind profiles under normal climate 
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(b) Turbulence instensity profile 

Fig. 11 Wind profiles under typhoon climate 
 
 

The wind spectrum in TJ-3 under normal and typhoon conditions were also measured and 
compared with standard spectrum suggested by Chinese wind loading Codes. Usually, the 
turbulence intensity under typhoon condition is larger than those under normal climate for various 
heights from the ground. The same tendencies along the frequency coordinate were reillustrated in 
Figs. 12 and 13. For the normal condition, there is obviously coincidence between measured 
spectrum and standard spectrum (Simiu and Panofsky spectrum, see Eqs. (9) and (10)). However, 
for the typhoon condition, though integral value about non-dimensional power spectrum intensity 
function along the reduced frequency coordinate has the same value that is 1.0 like those under 
normal condition, another changing tendencies show the wind field characteristics during typhoon 
climate. It is easily found that spectrum intensity is lower than corresponding value in the lower 
frequency of normal wind field, and in the higher frequency scope, spectrum intensity values of 
typhoon field are larger than those of normal field. 
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Fig. 12 Longitude spectrum comparison under normal and climate conditions 
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(b) typhoon flow field 

Fig. 13 vertical spectrum comparison under normal and climate conditions 
 
 

Then, the wind-excited performance about Xinguang aeroelastic model was measured under 
typhoon and normal climate modes. In order to improve the precision of numerical simulation, the 
equivalent admittance function of main arch lib section (see Fig. 14) are also identified using 
dynamic force measured testing system (see Fig. 15) and recognized algorithm(see Eqs. (20-22)). 
The fitted parameters defined in Eq. (22) are a0 =-0.904, a1 =-0.946, a2 =-0.029, a3 =0.056 for 
normal condition, and a0 =-0.678, a1 =-1.436, a2 =-1.321, a3 =-0.324 for typhoon condition. It’s 
obvious that the realistic admittance function about arch rib section are different from Sears 
function to some extent (see Fig. 16, blue thick solid line), showing the characteristics of 
dependence on the oncoming turbulent intensity for two types of climate modes. 
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Fig. 14 Wind tunnel model of cross section of main arch lib (Unit:mm) 
 
 

 

 

 

Fig. 15 Model and force-measured system in wind tunnel 
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(a) Iu=11.5% under normal condition 
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(b) Iu=15.4% under typhoon condition 

Fig. 16 Equivalent drag admittance results about arch cross section 
 
 

4.2 Comparison and discussion 
 
The buffeting force is related to oncoming wind spectrum characteristics, outer shape and 

dynamic performance. However, during the buffeting movement, vortex-induced aerodynamic and 
stochastic buffeting forces are mixed between each other, not allowing for any easy division. So, 
the admittance function mentioned in this study includes the effect of vortex-induced force, 
inevitably. Based on the identified admittance function and various oncoming fluctuating wind 
waves for normal and typhoon conditions, numerical simulation in time domain history were 
carried out. In the process of computation, some effects, such as structural geometrical non-linear 
effects, stochastic wind angle effects from several aerodynamic loadings, such as static wind force, 
buffeting force, vortex-induced force and self-excited force etc. were taken into account. 

For normal climate and typhoon climate, the design wind velocities at 10min time interval are 
33.4 m/s and 34.9 m/s, respectively. Some more detailed information about wind field parameters 
are available in Table 2. In Fig. 17, the variation of wind-induced Root-Mean-Square (RMS) 
values relating to Xinguang Bridge under two types of climates are illustrated, in which the testing 
results come from measurement of full bridge aero-elastic model wind tunnel tests and the those 
calculated based on 1.0 admittance value and Sears function, and specified standard spectra from 
Chinese Loading Codes were adopted.  

By comparison about several curves in Fig. 17, we know that wind-excited measured response 
are all obviously less than computation results. The main arch lib of Xinguang Bridge belongs 
typical steel-lattice structure, quite different from streamline thin-foil section. So, it is conjectured 
that the large difference of numerical computation from those measured may come from the 
selection of aerodynamic admittance function. Considering that main difference from turbulent 
intensity in 2-D sectional model under typhoon and normal climates, and the lateral movement in 
mid-span main arch of Xinguang Bridge are predominant, based on consideration of equivalent 
drag admittance fitting expressions (Eqs. (20)-(22)) identified under two climate turbulent fields, 
the process of numerical analysis were carried out again, in which the 15% standard deviation 
about identification results of admittance function were considered, and the confidence interval 
about computation results were illustrated in Figs. 18 and 19. 
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Fig. 17 Measured and computed RMS values under two climates 
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(a) Normal climate 
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(b) Typhoon climate 

Fig. 18 Measured and computed response considering admittance modification 
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Fig. 19 Measured and computed amplitude spectrum curves 
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(a) Lateral displacement 
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(b) Axial force of lower chord 
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(c) Lateral moment of lower chord 

-200 -150 -100 -50 0 50 100 150 200

2.0x104

4.0x104

6.0x10
4

8.0x10
4

1.0x105

1.2x105

1.4x10
5

1.6x10
5

V
e

rt
ic

al
 m

om
e

nt
 (

N
.m

)

Distance from mid-span (m)

 NC
 TC

 
(d) Vertical moment of lower chord 

Fig. 20 Wind-induced RMS responses in mid-span arch under two climates 
 

 
Once introducing the identified admittance functions, computation curves agree well with the 

testing measurement. From the above analysis process, it’s clear that the measured admittance 
function can greatly improve the precision of wind-excited response. In Fig. 19, the total 
wind-induced response consists of three order natural modes, in which the first order symmetric 
lateral bending (0.22 Hz) and Second order antisymmetric lateral bending (0.42 Hz) of main arch 
are more than 80% of resonant fluctuation, and the rest comes from first order symmetric vertical 
bending (0.52 Hz) of main girder and arch, see in Table 4. 

For the first symmetrical lateral bend reduced frequency under the design basic wind velocity, 
measured equivalent admittance value under normal climate is 0.11±0.017 (see Fig. 16(a)), while 
under typhoon climate mode, the corresponding value is 0.19±0.029 (see Fig. 16(b)), analytical 
Sears function is 0.23, and the measured admittance values are less than Sears function, say 
nothing of 1.0 admittance value. So, this analytically explains why there are quite larger errors 
between simple calculation using 1.0 or Sears admittance function and measured results in wind 
tunnel, in Fig. 17. Using identified admittance function, wind-induced displacement and 
internal-force along mid-span arch lib under two types of climate for 100 years return period 
design wind velocity were further compared in Fig. 20, including lateral displacement RMS in 
mid-span arch, axial force, lateral and vertical moment in lower chord in mid-span arch lib. For 
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Xinguang arch bridge, the wind-induced response under typhoon climate is greater than normal 
climate. Maximal wind-excited displacement response locates on the top of arch lib in the 
mid-span along the lateral direction, and axial force and lateral moment in lower chord in 
mid-span arch lib are also dominated. Maximal internal force combination appears nearby the foot 
of arch lib, see Fig. 20. 
 
 
5. Conclusions 
 

Based on Monte-Carlo simulation and on-site observation calibration of field parameters under 
typhoon condition, some basic typhoon field characteristics, including design wind velocity, 
average wind and turbulence intensity profiles, are qualitatively illustrated in Guangzhou region. 
In order to evaluate the stochastic dynamic action on flexible bridges during typhoon passages, 
Xinguang long-span arch bridge nearby Guangzhou downtown is selected to conduct serial case 
study analysis. For lattice arch cross section of Xinguang Bridge, admittance function about 2-D 
arch lib section is identified, then full bridge aero-elastic model tests are carried out in TJ-3 wind 
tunnel under two climate modes. Moreover, wind-excited response was computed considering 
some structural and aerodynamic nonlinearity under normal and typhoon climates, some 
conclusion can be reached:  

 The design wind loads in typhoon-prone regions are dominated by strong typhoon, and it’s 
necessary to carry out corresponding investigation for the typhoon field characteristics, 
especially, wind spectrum functions and higher turbulent intensity. 
 Wind field parameters under normal and typhoon climates have larger difference, and design 
wind velocities are dominated by terrain topography, height from the ground and climate 
modes. Due to the absence of corresponding items under typhoon climate, alternative 
procedures simply using field parameters under normal climate would means larger error from 
reality. 
 Since the traditional admittance treatment, such as analytical Sears function or 1.0, may 
over- or under-estimate wind-induced response, and admittance function depends on flow 
turbulence intensity for two types of climate mode, it’s necessary to utilize measured 
admittance function based on wind tunnel tests to improve prediction precision about 
wind-excited performance. 
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