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Abstract. Buffeting performance is growing sensitive to external and internal factors with
increasing span of bridge. Aerodynamic admittance is an essential parameter in analyzing
buffeting performance. In this paper, aerodynamic admittance in different conditions were
conducted in wind tunnel tests by section model. Three kinds of acrodynamic admittance functions
were used to calculating buffeting performance respectively. It is found that the aerodynamic
admittance of streamlined deck is closely related to wind attack angle, and has a small difference
at different wind speeds. However, the influence of aerodynamic admittance on buffeting
performance is affected by the wind speed significantly. Under given conditions, adopting the
Sears function as the admittance function of a similar streamlined box girder is reasonable, while
the buffeting performance result obtained by adopting an admittance function as 1.0 is very
conservative.

Keywords: acrodynamic admittance, buffeting performance, wind tunnel test, long-span bridge.
1. Introduction

Buffeting performance is a forced vibration caused by turbulence wind. This vibration can
interfere many features of bridge, such as fatigue damage, discomfort for vehicles and pedestrians.
Buffeting performance is growing sensitive to external and internal factors with increasing span.
Researchers have been working in external factors influence on buffeting performance, including
topography [1], extreme value of typhoon [2], turbulence characteristics [3], turbulent spatial
correlation coefficient [4], skew wind [5-7], design and measured power spectrum [8],
non-stationary and stochastic excitation [2, 9-11]. There are also a multitude of researchers
working in internal factors simultaneously, including multiple tuned mass dampers [12-15],
mechanically driven flaps [16-18], mid-tower [19], catwalk [20], central buckle [21], and slotted
deck [22]. Study method makes varied with a tendency more proper to reality, with improved
analysis theories in buffeting performance, such as linear regression [6], non-linear regression
analysis [21], evolutionary power spectral density [19, 23], varying frequency-increment
sweeping method [10], and three-dimensional simulation [24, 25]. Researches above demonstrate
that the buffeting performance is becoming an extremely refined analysis. Aerodynamic
admittance is of great importance in the evaluation of the buffeting and response of structures.
Buffeting performance with considering of aerodynamic admittance can reflect the vibration of
bridge more closely to reality and meet the requirement of refined analyses. However, a handful
of research is concentrated in acrodynamic admittance effect. Wang H. [7] compared two types of
aerodynamic admittance function, 1.0 and Sear functions, in calculating the buffeting performance.
Tubino F. [26] introduced a generalized quasi-static theory, defining new relationships among the
flutter derivatives and the aerodynamic admittance functions. Costa C. [27] numerically evaluated
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aerodynamic admittance functions for rectangular sections and compared with experimental and
analytical results. Massaro M. [28] investigated the effect of aspect-ratio on the aerodynamic
admittance of thin aero foils, flat plates and thin bridge section. Hejlesen M. M. [29] estimated the
aerodynamic admittance of bridge sections by mesh-free vortex method and confirmed its
feasibility by comparing to available wind tunnel data. Zhao L. [30] proposed a new identification
algorithm about the admittance function and validated it by a comparison between the numerical
calculation and wind tunnel tests. Hua X. G. [31] developed an improved perturbation method for
the statistical identification of structural parameters by using the measured modal parameters with
randomness.

The buffeting performance is of great importance during the service period of long-span
bridges, aerodynamic and dynamic characteristics could directly contribute to the buffeting
performance. For the aerodynamic characteristics, the most important factor may be the
aerodynamic admittance as it reflects the unsteady features in buffeting forces. Influence of
aerodynamic admittance on buffeting performance is still inadequate. Researches above paid
particular emphasis on exploring typical aerodynamic admittance function, such as Sear function,
Davenport function. There is rarely research about influence of measured aerodynamic admittance
on buffeting performance. The buffeting performance considering measured aerodynamic
admittance are closer to practical situation.

In this study, aerodynamic admittance in different conditions were conducted in wind tunnel
tests by section model. Aerodynamic admittance functions were deduced. Three type aerodynamic
admittance functions were used to calculate buffeting performance respectively in time domain,
which accounted for structural nonlinearities. Taking the Cuntan Yangtze bridge as an example,
the differences of buffeting performance with three kinds of aerodynamic admittance functions
were analyzed in time domain via a suspension bridge model built on ANSYS platform. Effects
of aerodynamic admittance on buffeting performance of bridge were summarized. The analytical
results are expected to provide references for the buffeting performance analysis, fatigue damage
and comfort of wind-vehicle-bridge system analysis.

2. Description of wind tunnel test

Cuntan Yangtze bridge is taken as the project background. The main girder is a streamlined
closed, flat box girder. Width of the deck section is 42.0 m and thickness of the section is 3.5 m.
Attachment structures have a strong influence on acrodynamic characters. Therefore, guardrails
and lead rails are considered in wind tunnel test. Bridge section model includes pedestrian
guardrail, anti-collision guardrail, center separation band guardrail and lead rail, and the detail
dimensions are shown in Fig. 1.
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Fig. 1. Dimensions of standard cross section (cm)

In order to get the static force coefficients and aerodynamic admittances of real bridge, two
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bridge section models were used in wind tunnel test. Aerostatic coefficients were tested by
subsection elastic model in first test section of wind tunnel, which were used to calculate aerostatic
load in buffeting performance. Aerodynamic admittances were measured by subsection rigid
model in the second test section of wind tunnel.

2.1. Description of subsection elastic model

Subsection elastic model was made of wood. Pedestrian guardrails, anti-collision guardrails
and center separation band guardrails were manufactured in plastic plates by machine. The
subsection elastic model had a scalar of 1/60 to the real bridge section, and it was shown in Fig. 2.
Wind tunnel test requires that the subsection elastic model is similar to the real bridge in geometric
dimensions, as well as frequency and damping ratio. But actually, the subsection elastic model is
not exactly the same with real bridge in all aspects. Deviation is allowable in the wind tunnel test.
Allowable damping ratio deviation should be controlled less than 10 % and allowable deviation
of frequency, mass should be controlled less than 3.0 %. From Table 1, it can be calculated that
the deviation is 4.3 % on vertical bending damping ratio and 3.8 % on torsion damping ratio, and
other parameters kept the same as prototype model. As a consequence, subsection elastic model
can meet the demand of experiment.

Fig. 2. Subsection elastic model

Table 1. Design parameters of section elastic model

Parameter Unit Actual value | Required value | Value in test

Height m 3.5 0.0583 0.0583

Width m 42.0 0.7 0.7
Linear mass kg/m 27600 7.667 7.667
Linear mass moment of inertia | kg'm?*m 5137700 0.3987 0.3987
Vertical bending frequency Hz 0.174 2.216 2.216
Vertical bending damping ratio % 0.5 0.389 0.372
Torsion frequency Hz 0.39726 5.404 5.404
Torsion damping ratio % 0.5 0.439 0.422

2.2. Description of subsection rigid model

The subsection rigid model was made up of measured section and compensation section was
shown in Fig. 3. The subsection rigid model had a ratio of 1/300 with the real bridge section. The
model was made from light and thin-walled wood material and possessed enough stiffness
avoiding deformation and vibration in the test. A square steel frame was fixed in wind tunnel floor
and an aluminum bar in the middle of the frame beam was vertically mounted to fix the
compensation section. Compensation section was installed in the aluminum bar and had a space
less than 2.0 mm with the measuring section. The importance of three-dimensional effects was
aspect-ratio dependent (neglecting any end effect). The results obtained on a rigid span were
confirmed when considering a flexible span. The subsection rigid model was tested after
installation, and the basic frequency of wide-body flat steel box girder in-plane was 56.0 Hz,
out-of-plane basic frequency was 35.0 Hz, reverse fundamental frequency was 81.0 Hz. All
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frequency was much larger than the measurement band of buffeting aerodynamics. Consequently,
the system can meet the requirements of a high frequency force measuring test. The sampling
frequency adopted for aerodynamic force was 100.0 Hz.

Fig. 3. Subsection rigid model

2.3. Description of wind tunnel

The tests were performed in XNJD-1 wind tunnel, and the geometry of wind tunnel was shown
in Fig. 4. Static force coefficients were measured in the first test section and aerodynamic
admittances were measured in the second test section of wind tunnel. The maximum wind velocity
was 45.0 m/s and the minimum wind velocity was 0.5 m/s. Both turbulence flow less than 0.1 %
and uniform flow can be generated by this wind tunnel. Lattice-grid was used to producing
turbulence flow and position of lattice-grid was shown in Fig. 4. The section model was placed in
the middle of the test section and it spanned all the test section width. The effect of the boundary
layer was neglected.
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Fig. 4. Geometry of wind tunnel (cm)

Two kinds of the wind speed acquisition sensors were used. One was the hot-wire anemometry
sensor shown in Fig. 5 and the other was turbulent flow instrumentation (TFI) series 100 Cobra
Probe sensor shown in Fig. 6. The former was placed in the upstream with 0.4 m from the side
wall and 0.2 m from the lattice-grid at the height of 0.9 m. It was used to measure the mean wind
speed, with an immediately display screen outside of the wind tunnel through a small hole of the
side wall, in order to show the upstream speed instantaneously. The latter was a pressure probe
placed in the selected downstream monitor points behind the lattice-grid, which can provide
dynamic, three-component velocities and local static pressure measurements simultaneously. The
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mean wind speed in the same position measured by the two kinds of sensors had been verified
before the experiment.

Fig. 5. Hot-wire anemometry sensor Flg 6. TFI cobra probe N

Passive lattice-grid technology is a kind of commonly used method to generate turbulent flow.
Lattice-grid was adopted in the test, and the detail information was shown in Fig. 7. Both

turbulence intensity and turbulence integral scale were calculated from data measured by the TFI
Cobra Probe.
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Fig. 7. Geometry of lattice-grid (cm)

2.4. Results of aerostatic coefficients

Acrostatic coefficients and its derivatives were used to calculate the buffeting loads, and they
were obtained by static test in first test section of wind tunnel. Tests were done in uniform flow.
Subsection elastic model was used in testing the aerostatic coefficients. Mechanical model of static
force at wind axis and body axis can be shown in Fig. 8. F; is the lateral drag force in the
conventional axis, Fy, is the vertical lift force in the conventional axis, M is the moment in the
conventional axis. Fp, is the lateral drag force in the wind axis, F; is the vertical lift force in the
wind axis, M is the moment in the wind axis. « is the wind attack angle. Fy, F,, and M could be
obtained directly by subsection elastic model in wind tunnel test.

202 JOURNAL OF VIBROENGINEERING. FEBRUARY 2019, VOLUME 21, ISSUE 1



AERODYNAMIC ADMITTANCE INFLUENCE ON BUFFETING PERFORMANCE OF SUSPENSION BRIDGE WITH STREAMLINED DECK.
YAO GANG, YANG YANG, WU BO, LIU LIANJIE, ZHANG LIANGLIANG

i \,
\ M x —

7/(( wind
Fig. 8. Mechanical model of static force at wind axis and conventional axis

Forces and moments can be transformed in wind axis and conventional axis, and the
relationship can be expressed in Eq. (1), Eq. (2) and Eq. (3):

F, = —Fysina + F,cosa, )

Fp = Fycosa + Fysina, 2)

M, = M. 3)

Aerostatic coefficients could be obtained by Eq. (4), Eq. (5) and Eq. (6):

Fy

) =5 5pu7Br @
Fp

€@ = 55puBL )
Fy

(@ = g 5ou7Eer ©

where U represents mean wind velocity, p represents density of air, B represents width of the
bridge deck, C;, Cp and Cy, represent dimensionless lift, drag and moment coefficients, C;, Cj,
and Cy, represent derivatives of lift, drag and moment coefficients respectively. Results of
aerostatic coefficients and its derivatives were shown in Fig. 9, and results at 0° wind attack angle
were used in analyzing the buffeting performance of long-span bridge.
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Fig. 9. Aerostatic coefficients and derivatives

2.5. Results of aerodynamic admittance

Subsection rigid model was used to obtain the acrodynamic admittance in turbulent flow. The
five component high frequency balance was fixed on the wind tunnel floor surface. Three
component of power spectrum of turbulent wind can be respectively gotten by FFT (fast Fourier
transform) with MatLab. Sensor location of TFI Cobra Probe was 2.4 m from the air grid in the
horizontal direction and 0.3 m from the bottom of the wind tunnel in the vertical direction. The
arrangement of aerodynamic admittance test was shown in Fig. 10. Five working conditions
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considered in the wind tunnel test were shown in Table 2. Comparison of results of equivalent
admittance function from five repeated experiments were exhibited in Fig. 11 and fitting results
of aerodynamic admittance were exhibited in Fig. 12. In the Fig. 11 and Fig. 12, the equivalent
drag, lift and moment admittance were the square of the absolute value of drag, lift and moment
admittance respectively, and they were the dimensionless parameters. The reduced frequency was
a dimensionless parameter relating to frequency, width of bridge and wind speed.

Fig. 10. Arrangemeht of aefodynamic admittance test (cm)

Table 2. Working conditions considered in the wind tunnel test
Working condition | W8-W0 | W10-W0 | WI2-W0 | W12+W3 | W12-W3
Wind speed (m/s) 8.47 10.15 12.58 12.58 12.58
Wind attack angle (°) 0 0 0 +3 -3

Comparing W8-W0, W10-WO0 and W12-W0 working conditions in Fig. 11 and Fig. 12, the
identification results of aerodynamic admittance had a small difference at different wind speeds.
Comparing W12-W0, W12+W3 and W12-W3 working conditions in Fig. 11 and Fig. 12, the
results of the equivalent admittance function had an obvious difference under different wind attack
angles. No distinct relationship of admittance function following wind attack angle was found
under the condition of passive incoming flow. Lift admittance was the largest in the aecrodynamic
admittance. Draft admittance increased obviously with the increasing of wind attack angle, and
the trend of change was evident. Lift and moment admittance decreased with the increasing of
wind attack angle, and the trend of change was slighter than draft admittance.

Equivalent aerodynamic admittance method was built on the improvement cross-power
spectrum method [32]. Buffeting force spectrum was measured from the placed scale model with
high frequency dynamic balance after the initial value checked. Turbulent wind power spectrum
was measured by the TFI Cobra Probe placed in the same environment. In order to get a more
accurate bridge buffeting response, aerodynamic admittance expression of wide-body flat steel
box girder was presented in this paper by custom equation in MatLab with Eq. (7):

Y
lxr(K)|* = T3 5K% (7)

where ¥py, X1y and X, represent draft, lift and moment admittance. Where y, f and a represent
fitting parameters. The condition with 0° wind attack angle was the most widely used condition
in many research [1-4, 8-12]. Therefore, conditions with 0° wind attack angle were chosen to fit
the aerodynamic admittance expression in three directions. The fitting data of aerodynamic
admittance was shown in Table 3.
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Table 3. The fitting data of aerodynamic admittance

Xr )4 B g

Xpy | 1.18 | 12.26 | 0.92
X | 0.62 | 14.13 | 0.75
Xumy | 0.96 | 825 | 0.82

3. Sectional forces in time domain

The wind load acting on bridge deck can be divided into two parts, including self-excited
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aerodynamic loads and turbulent loads. Buffeting loads can be expressed in Eq. (8), Eq. (9) and
Eq. (10) [24]:

L(t) = Lse (8) + Ly (0), ®)
D(t) = Dy (t) + Dy (), €))
M(t) = M, (t) + M, (2), (10)

where Lg,, D,, and Mg, represent lift, drag and moment due to self-excited motions, respectively.
Self-excited, and buffeting forces are shown schematically in Fig. 13.

Lsetlb
a y
/{\ MsetMb
Utii) X DetDn
= Dset
1 | B \

w(t) | \
Fig. 13. Aerodynamic forces on bridge deck

The lift, drag and moment of the self-excited part of the force at per unit length of the deck can
be expressed in Eq. (11), Eq. (12) and Eq. (13):

Leo(2) = —pUZ(ZB) KH; 7+ KH; —= + K*Hja + K*Hj o + KH; 7 + K*Hg 2, (11)
1 : Ba h h
Dy (t) = 5 pU*(2B) | KP; % +KP; 7 +K2Pja + KZP;%+ KP; 7+ K*P; El, (12)
— 2 2 * h 2 A% 2 A% p p 2 p
M, () = —pU (2B2) |KA; —+KA +KA + K24y 5+ KA+ K24 (13)

where p represents density of air; B represents width of the bridge deck; K represents reduced
frequency, and K = Bw/U, w represents circular frequency of the bridge motion; Hi*, Pi*, Ai*
(i=1,2,3,4,5, 6) represent flutter derivatives of the bridge deck measured through the wind
tunnel tests shown in Fig. 4. The identified flutter derivatives were input as the coefficients in the
aeroelastic stiffness and damping matrices of Matrix27; h, p and a represent vertical, horizontal
and rotational displacement of the bridge deck, respectively. Buffeting loads at per unit span length
are expressed in Eq. (14), Eq. (15) and Eq. (16):

1 u(t) , w(t)

Ly(t) = E,UU qB [ZCL(Q)XLuT + (CL(0)) + Cr(O) X1 T]’ (14
1

Dy (t) = EPUZB [ZCL(G)XLu uf}) + Cp(0)) xpw Wl(]t)]: (15)
1

My(t) = EPUZBZ [ZCM(H)XLu l(]) + Cu () xmw Wl(]t)]: (16)

where Lj,, D, and Mj, represent lift, drag and moment due to buffeting effects, respectively. €, (6),
Cp(0) and Cy,(0) are dimensionless aerostatic coefficients (lift, drag and moment coefficients) at
a specified wind angle. € (0), C,(6) and C,,(6) are its derivatives. In this buffeting performance
analysis, the 6 is defined as 0°, and the aerostatic coefficients and its derivatives are defined
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according to Fig. 8. u(t) and w(t) are wind velocity fluctuations in the horizontal and vertical
directions, respectively. x;., ¥py and Y, are acrodynamic admittance.

4. Bridge model on Ansys platform

Cuntan Yangtze bridge including main section and approach bridge is located in Chongqing,
China. The middle span is a suspension structure with 880.0 m. Ratio of rise to span in this bridge
is 1/8.8 and the distance of two main cables is 39.2 m. The bridge elevation and the input point of
turbulence wind are shown in Fig.14, and fluctuating wind simulation points are numbered. Height
of fluctuating wind simulation points on main cable are given in Table 4. The north tower is
194.5 m and the south tower is 199.5 m in height. The main cable is made up of 127 high strength
galvanized steel wires.

250.0
approach bridge

250.0 880.0

main bridge

[~379.50
57 -

approach bridge

R

Table 4. Height of fluctuating wind simulation point on main cable

3456 7 8 910111213141516 1718 19 20 21 22 2324 25 26 27 28 29

185. 00

* input point of turbulence wind

180. 00}

Fig. 14. Cuntan Yangtze bridge’s configuration

Number | (58,30) | (57.31) | (56,32) | (55.33) | (54,34) | (53.35) | (52.36) | 51

Height (m) | 213.06 | 206.01 | 199.14 | 192.18 | 185.28 | 178.38 | 171.48 | 164.58
Number | (50,38) | (49,39) | (48,40) | (47,41) | (46,42) | (45,43) | 44 37

Height (m) | 161.36 | 158.1 | 154.77 | 151.46 | 148.16 | 144.86 | 141.58 | 164.58

A three-dimensional finite element model was set up on the ANSYS platform. Spatial beam4
element was used to simulate main girder and beam44 element was used to simulate main towers.
Link10 element with three degrees of freedom was used to simulate main cables and suspenders.
Pavement and railings’ stiffness contributions were neglected and lumped masses account for
them were equal distributed to the main girder with mass21 element. Combinl4 element was
selected to simulate damper. According to the design, material properties and elements’
characteristic were added in the model and given in Table 5. Ernst equation of equivalent modulus
of elasticity were used to calculate linearized stiffness of back cables’ nonlinearity stiffness.
According to the bridge design, the deck and main towers were coupled in three degrees of
freedom, including vertical displacement, transverse displacement, and rotation around
longitudinal direction. Two main cables were fixed on the top of towers, and the bottoms of main
cables were fixed at the bases. Two main towers were also fixed at the bases without considering
the soil-pile structure interaction. The bridge was dispersed into 818 elements and 721 nodes.

Table 5. Type of material

Number e?:s(i?;igs(gz) PO;Z;(:)H s ]()1322;? Material Application
1 2.10E+11 0.3 7850 Q345QD Main girder
By 2 00E+11 03 8650 High—strepgth Main cable, suspension
steel wire cable
3 3.45E+10 0.2 2650 C50RC Main tower
4 1.00E+15 0 0 - Rigid transverse beam

Analyses were performed using modal approach, solving the bridge dynamics equations of
equilibrium in generalized coordinates through a state space transformation based on the first
twenty modes. The vibration modes of Cuntan Yangtze bridge were shown in Fig. 15.

ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460, KAUNAS, LITHUANIA

207



AERODYNAMIC ADMITTANCE INFLUENCE ON BUFFETING PERFORMANCE OF SUSPENSION BRIDGE WITH STREAMLINED DECK.
YAO GANG, YANG YANG, WU BO, LIU LIANJIE, ZHANG LIANGLIANG

ANSYS

R1g1

ANSYS

Rig1

a) First vibration mode

¢) Third vibration mode d) Fourth vibration mode
Fig. 15. Vibration modes of Cuntan Yangtze bridge

From Fig. 15, it can be summarized that the fundamental frequency is 0.1122 Hz,
corresponding to the symmetric lateral bending vibration of girder, and the basic period of
structure is short. The second frequency is 0.1162 Hz, corresponding to antisymmetric vertical
bending vibration. This vibration mode of second frequency conforms to basic rule of the dynamic
performance of the flexible structure. In the first twenty order vibration mode, vibrations of main
cable and girder are taken as the principal vibration modes, without vibrations of main tower
appearing. It is probably due to that stiffness of main tower is considerably larger than stiffness of
main cable and girder. The distribution range of first twenty modal frequency is 0.1122 Hz to
0.4702 Hz, and distribution of overall frequency is relatively wide.

5. Analysis of buffeting performance
5.1. Vibration of main girder

The buffeting performance of long-span bridge was calculated at 0° wind attack angle,
28.1 m/s wind speed, with consistent mass matrix and Rayleigh damping. The damping ratio was
0.005 and the time step was 0.125 s. The computation time was 600.0 s. The resistance lift force
and pitching moment aerodynamic admittance and the aerodynamic admittance coefficient
derivative were taken as 1.0, Sears function and fitting function. RMS values in vertical, transverse
and torsional direction of main girder were given in Fig. 16 with different aerodynamic
admittance.

From Fig. 16, the following conclusions can be summarized: (1) RMS buffeting performances
of main girder in three directions were basically symmetric centering the mid-span node. From
1/4 to 3/4 span, buffeting performance in three directions varied moderately. For sections near the
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span-ends, buffeting performance in three directions varied steeply. (2) Both lateral displacement
and torsional displacement extreme value turned up at the mid-span. Extreme value in vertical
displacement turned up at the 1/4 and 3/4 span. (3) In general, the buffeting performance of
long-span bridge with Sears function, fitting function and 1.0 were well correlated. It was
attributable to the accuracy of the bridge model. RMS buffeting performance of main girder with
three different functions showed that the influence of aerodynamic admittance was remarkable.
(4) The buffeting displacements from Sear function was close to that when the aerodynamic
admittance function was taken as the fitting function. When the aerodynamic function taken as
1.0, the buffeting displacements were totally larger than the other two cases. Hence, if there is no
available measured aerodynamic admittance function, the function is suggested to be taken as Sear
function. If conservative design is indeed needed, the function is suggested to be taken as 1.0 for
the safety.

—o—1 o—1
0.3 7 —+— scars function 0.4 —=— Sears function
—— fitting function —x— fitting function
03
2 024 E
g E
2 2 029
0.14
0.1
0.0 . . . . . . . . , 0.0 . . . . . . . . ,
0 100 200 300 400 500 600 700 800 900 "o 100 200 300 400 500 600 700 800 900
Mian girder (m) Mian girder (m)
a) Lateral displacement b) Vertical displacement

5.0E-47

—

—=— Sears function
4.0E-4 4 —>¢ fitting function

3.0E-4

2.0E-4

RMS(rad)

1.0E-4 4

0.0

0 100 200 300 400  s00 600 700 800 900
Mian girder (m)
¢) Torsional displacement
Fig. 16. RMS buffeting performance of main girder

5.2. Vibration at different wind speeds

In order to search the relationship of wind speed and aerodynamic admittance influence,
buffeting performance of long-span bridge at different wind speeds were collected. The wind
speed changed from 20.0 m/s to 60.0 m/s, with an interval of 5.0 m/s. Sears function, 1.0 and
fitting function were used to calculate the buffeting performance with the same turbulent wind.
Comparison of RMS, internal force and bending moment were given in Figs. 17-19.

From Figs. 17-19, the following conclusions can be summarized: (1) In the calculation range
of wind speed, buffeting performance of long-span bridge kept the same trend, in all three
directions. The vibration in vertical direction was largest, the vibration in lateral direction was
second, and the vibration in torsional direction was smallest. (2) When the aerodynamic
admittance was taken as 1.0, buffeting performance of long-span bridge was most obvious. When
the aerodynamic admittance was taken as the fitting function, buffeting performance was
relatively unapparent. (3) With the increasing of wind speed, aerodynamic admittance influence
on buffeting performance become obviously. When the aerodynamic admittance was taken as 1.0,
the buffeting performance was overestimated. Buffeting performance in vertical direction was
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most overestimated. (4) The deviation of three kinds of aerodynamic admittance was smallest in
lateral direction, and the deviation was largest in vertical direction. This phenomenon was more
evident in reduced natural frequency. (5) The fitting function was closer to the buffeting
performance of bridge. The buffeting performance can be overestimate when the aerodynamic
admittance was taken as 1.0.
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Fig. 17. Comparison of RMS with the different aerodynamic admittance
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Fig. 18. Comparison of internal force with different aecrodynamic admittance

2 1 0 JOURNAL OF VIBROENGINEERING. FEBRUARY 2019, VOLUME 21, ISSUE 1



AERODYNAMIC ADMITTANCE INFLUENCE ON BUFFETING PERFORMANCE OF SUSPENSION BRIDGE WITH STREAMLINED DECK.
YAO GANG, YANG YANG, WU BO, LIU LIANJIE, ZHANG LIANGLIANG

2554 —°—Sear function 1485 o Sear function s
- o— fitting function LA —o— fitting function .,
Can ’ 12E54 -4a-1 ,
,
2.0E4 A e
1.0E5 .
A L s
7 15841 . E 80E4H e
< L on4 < .04
= 2 4 oE4]
S.0B3 2.0E4-
0.0 0.0
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Wind speed (m/s) Wind speed (m/s)
a) M, mean square b) M,, mean square
1.2E8 )
—o— Sear function
1084 j:jlﬁmng function Iy A
A
8.0E74 a’

E 6.0E74
z

N 1
S 4087

2.0E74

0.0

Wind speed (m/s)
¢)M, mean square
Fig. 19. Comparison of internal force with different acrodynamic admittance

Yao Gang contributed to the conception of the study. Yang Yang contributed significantly to
analysis and manuscript preparation and wrote the manuscript. Wu Bo performed the data
analyses. Liu Lianjie helped perform the wind tunnel test. Zhang Liangliang helped perform the
analysis with constructive discussions.

6. Conclusions

These conclusions are particularly relevant to long-span suspension bridges with relatively
streamlined deck cross-sections on buffeting performance in the natural wind.

1) The aerodynamic admittance function identification result for a bridge deck is closely
related to wind attack angle. Nevertheless, there is no distinct relationship between admittance
function and wind attack angle under the conditions of wind tunnel test in this paper. The
aerodynamic admittance function identification results have a small difference in the different
wind speed working conditions.

2) Lift admittance was the largest in the aerodynamic admittance. Draft admittance increased
obviously with the increasing of wind attack angle, and the trend of change was evident. Lift and
moment admittance decreased with the increasing of wind attack angle, and the trend of change
was slighter than draft admittance. More investigation utilizing the actively simulated flow
characteristics are expected.

3) The influence of aerodynamic admittance on buffeting performance of bridge is affected by
the wind speed significantly. The influence increases rapidly with the increasing of wind speed.
And this appearance is most obvious in vertical displacement, otherwise in lateral displacement.

4) Under given conditions, adopting the Sears function as the admittance function of a similar
streamlined box girder is reasonable, while the buffeting performance result obtained by adopting
an admittance function as 1.0 is very conservative.
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