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Abstract. Two types of aerodynamic admittance function (AAF) that have been adopted in bridge
aerodynamics are addressed. The first type is based on a group of supposed relations between flutter
derivatives and AAFs. In so doing, the aero-elastic properties of a section could be used to determine AAFs.
It is found that the supposed relations hold only for cases when the gust frequencies are within a very low
range. Predominant frequencies of long-span bridges are, however, far away from this range. In this sense, the
AAFs determined this way are of little practical significance. Another type of AAFs is based on the relation
between the Theodorsen circulation function and the Sears function, which holds for thin airfoil theories. It is
found, however, that an obvious illogicality exists in this methodology either. In this article, a viewpoint is put
forward that AAFs of bluff bridge deck sections are inherently dependent on oncoming turbulent properties.
This kind of dependence is investigated with a thin plate and a double-girder bluff section via computational
fluid dynamics method. Two types of wind fluctuations are used for identification of AAFs. One is turbulent
wind flow while the other is harmonic. The numerical results indicate that AAFs of the thin plate agree well
with the Sears AAF, and show no obvious dependence on the oncoming wind fields. In contrast, for the case
of bluff double-girder section, AAFs identified from the turbulent and harmonic flows of different amplitudes
differ among each other, exhibiting obvious dependence on the oncoming wind field properties.
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1. Introduction

Buffeting of long-span bridges due to wind fluctuations have not been able to be evaluated
accurately. Difficulties arise from many aspects, among which the most challenging one is the so-
called aerodynamic admittance function (AAF). An AAF links the aerodynamic loads developed on
a section, such as aerodynamic lift, drag, or torque, to the oncoming wind turbulences. Traditionally,
an AAF for a given section is considered a function of the reduced frequency only, independent on
turbulence properties, such as turbulence intensity, power spectrum density, etc.

The concept of AAF originates from the issue of unsteady aerodynamic loads developed on a
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thin airfoil due to approaching wind fluctuations. Von Karman and Sears (1938) first determined the
aerodynamic lift and torque on a thin airfoil due to a general expression of wind velocity, distributed
along the chord. Then, Sears (1941) specified this achievement to the case of a vertical, sinusoidal
approaching gust, by assuming the vertical wind velocity w(x) is equivalent to relative sinusoidal
sectional velocity. Liepmann (1952) simplified Sears’s formulation and applied it to airfoil buffeting
analysis. Later, Davenport (1962a, b) adopted Sears’s function to describe the aerodynamic lift
developed on the deck of a truss girder suspension bridge, and referred to it as an aerodynamic
admittance function. From then on, AAFs of the same nature as that for thin airfoil sections, namely
independent on the oncoming turbulence, have been practiced extensively in bridge aerodynamics
(Ge and Zhao 2014, Zhang and Ge 2011, Han et al. 2010, Ge et al. 2009, Zhu et al. 2003, etc.).
Exhaustive citations of this kind of applications are not presented here due to space limitation.
However, from time to time, evidences from published literature show that AAFs display
dependence on the wind properties. Among them, Larose and Mann (1998) investigated sections of
different aspect ratios, and the results indicated AAFs differs significantly among different types of
turbulent wind fields; Matsuda et al. (1999) pointed out that aerodynamic admittance depended on
types of wind tunnel flow; Rasmussen et a/. (2010) calculated AAFs of sectional models by using
discrete vortex method, and the results showed even the AAFs of a flat plate exhibited wind field
dependence to some extent; More recently, Zhu and Xu (2014) performed sectional model tests of a
bridge deck, and the results indicated that AAFs are very different among different wind fields.
Notwithstanding these reported findings, essential properties of AAFs of bluff bridge sections,
including uniqueness and dependence on oncoming wind fields, have not yet been addressed.

In this work, issues arise from typical AAF models in bridge aecrodynamics are firstly addressed.
These models are determined uniquely by reduced frequency and independent on the wind field, as
is characteristic of to thin airfoil theories. Then, uniqueness of AAFs of a typical bluff section is
investigated via computational fluid dynamics. Although wind fields in nature are always 3-
dimensional, the AAFs addressed here are still 2-dimensional, and the effects arise from span-wise
direction are able to be merged into spatial coherence.

2 Issues in existing AAF models

As bluff deck sections are concerned, motions-induced aecrodynamic loads, or aeroelastic effects,
can be expressed in terms of flutter derivatives (Scanlan 1971). Usually, the flutter derivatives are
able to be obtained experimentally. This methodology has been developed, employed extensively
over the years. With the reliability of flutter derivatives, Scanlan (1999, 2000) tried to establish a
relation between motion-induced aeroelastic effects and wind turbulence induced aerodynamic
effects. In his work, a form of AAF is obtained via flutter derivatives. For example

=k f (i e (1)
where y, . is complex aerodynamic lift admittance function; K =Ba@/U is reduced frequency; B is

reference width;  is circular frequency; U is mean wind velocity; Hl* s H: are flutter derivatives;
C, =dC,/da is the derivative of aerostatic lift coefficient C_with respect to wind angle of attack

a.
The whole set of AAFs, associated with aerodynamic torque or lift resulted from vertical and
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horizontal turbulent components, are able to be related to flutter derivatives. This method has been
broadly employed (Caracoglia and Jones 2003, Caracoglia 2008, Chen and Matsumoto 2000, Chen
and Kareem 2001, Tubino 2005, etc.). Buffeting loads can be expressed in this way by flutter
derivatives. For example, the auto-PSD of the lift may be denoted as

SLL(K):(;pUBCI:j "ZL"Z‘SWW 2)

where S, is auto-PSD of the vertical gust.

The crux of this method is the assumption that leads to those relations; that is, wind gusts are
supposed to equal to or approximate those of the section’s relative rigid motions. However, except
for the extreme case that the gust frequency being infinitely low, there is no equivalence between a
wind gust, which varies in both space and time, and a rigid motion, which varies only in time.

ot y—iwx/U

According to Sears (1941), a vertical wind gust, W= e'e , is able to be expanded to

w= e‘“’t{Jo(k) +23°(-i)"J, (K) cos ne} =Gy +26S (-i)"J, (k) cOSNO 3)

n=1 n=1

where k£ = bw/U = 0.5K; 6 is a coordinate, for a section of chord length of 2 (physical coordinate x
from -1 to 1), cos § = -1 at the leading edge and cos § = 1 at the trailing edge; In between, the
relationship between x and € is x = cos 6.

The first four terms in eq.3 are plotted in Fig. 1, where the results are calculated by using Eq. (3).

It is noticed that only the first and second terms bear resemblance to rigid motions, corresponding
respectively to a vertical motion h=e* and a torsional motion ¢ =e*. Other higher-order terms
have no equivalence to rigid motions, and, actually, they bear resemblance to the chord’s flexible
deformations. It is neglecting of these higher-order velocity patterns that lead to the relations
between flutter derivatives and AAFs.
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Fig. 1 Basic vertical velocity distributions of the first four terms in Eq. (3)
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The most direct consequence of this approach would be wrong limiting characteristics. Take a
thin plate section for example, of which both the flutter derivatives and the AAF (Sears function)
are known, and the AAF calculated from flutter derivatives can be compared with the known Sears
function. The comparison is shown in Fig. 2. It is noticed the Sears function approaches 0 as K
approaches infinite. However, the AAF from flutter derivatives approaches a non-zero value 0.25. A
nonzero limit of an AAF is physically incorrect since the lift due to a gust with infinite small wave
length should always converge to zero. In essence, this incorrectness can be ascribed to the
assumption of equivalence between Kissner function and Wagner’s indicial function, which actually
doesn’t hold in both streamlined and bluff sections (Zhang et al. 2013).

When bluff sections are concerned, limit values of the AAFs so obtained can be arbitrary,
depending on specific flutter derivatives identified.

It is also noticed that, when K is very small, the flutter-derivatives-based AAF approaches
asymptotically to Sears AAF; therefore, this method is applicable to a certain range of reduced
frequency. However, predominant buffeting frequencies of long-span bridges are quite out of this
range, as seem in Fig. 3, where examples include the Third Nanjin Bridge (Zhu et al. 2007), the
Hardanger Bridge (Qiseth ef al. 2011), the Second Severn Bridge (Macdonald et a/. 2003), the Tsing
Ma Bridge (Xu et al. 2000), the East Coast Sea Bridge (Zhang et al. 2005), and the Akashi-Kaikyo
Bridge (Minh et al. 1999). The reduced frequencies (deck vertical) shown in Fig. 3 cover a wind
velocity range from 10 to 30 m/s. Referring to Fig. 2, it is noticed that for these cases, K locates
somewhere in the vicinity of (or between) 1 to 10; therefore, evaluating AAF by this method could
result in substantial deviations.

To remedy nonzero limit values resulted from this method, a quasi-steady method based on
spatial coherence of turbulence has to be introduced (Scanlan 2000, 2001), as

2 K? )2 2
‘ZL/‘ = (C/)Z (Hl) +(H4) ] R(C)' (4)
L
where
B B o
R(c) = “exp[— Cy—nX, —xz}dxldx2 (5)
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Fig. 3 Range of K of some typical bridges from U = 10 to 30 m/s

is an coefficient determined by the along-wind coherence of vertical gusting over the whole chord
width; ¢o a constant reflecting the level of coherence, 6,/U the turbulence intensity and » the
frequency of turbulent component. Note that in this situation R(c¢) —0 when n— oo (or K— ).

A number of researchers have tried to determine AA functions basing on another point of view
of “equivalent” Theodorsen function (Hatanaka and Tanaka 2002, 2008, Costa 2007, Costa et al.
2007).

The idea of this method is, firstly, supposing a known relation between Theodorsen circulation
function C(k) and Sears function y,(k), namely

25 (K) = [ (k) =13, (K)IC (k) +1J, (k) (6)

is applicable to bluff deck sections, where & = 0.5K. Note Jo(k) and Ji(k) in Eq. (6) are Bessel
functions. Then, according to relations between flutter derivatives and indicial functions (Scanlan
2000), one could obtain equivalent indicial functions from known flutter derivatives, for example

4k(H; —iH,) =C{ [, (0) + @),] (7

where ¢, is an indicial function describing evolution of the aerodynamic lift due to vertical motion,

@/}, is Fourier transform of the derivative of ¢, with respect to dimensionless time s = Ut/b. Once

equivalent indicial functions are obtained, an “equivalent” Theodorsen function, Ce.(k), can be
determined by Garrick’s interrelation C(k) = ¢(0)+¢ (Garrick 1938). Finally, an “equivalent”

Sears admittance function can be written according to (6), as
Xeq.s (K) =[Jo (k) =13, (K)IC,q (k) +1d, (k) (8)

The process of acquiring AAFs according to equivalent Theodorsen functions is shown in Fig. 4.
An issue of logicality arises from this methodology. According to Theodorsen’s work (Theodorsen
1935), C(k) is expressed as
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Obtain flutter derivatives (experimentally or computationally)

v

Calculate equivalent indicial functions based on flutter derivatives

'

Calculate equivalent Theodorsen functions, Ceq(k), based on
equivalent indicial functions

v

Calculate e (k) from Ceq(k) according to Eq. (8)

Fig. 4 The process of acquiring AAFs according to equivalent Theodorsen functions

C(K) = F +iG = A ORAL) 9
—[J, (k) + Y, (K)]+i[Y, (k) = I, (K)]

where the Bessel functions, Jo, Ji , Yo and Y1, are given as follow

o Sin kKX q 3,(k) = _gfo X coskx coskx > Xsin kx

2 2 o 2 o
Jo(K)=— X ax v, (k) =—2[ —=Zdx Y,(k)=-— d
=2 O W[ e vio-—2[ e

Obviously, these functions are not only combinations between C(k) and y, (k) , as shown by Eq.
6, but also they are components of both C(k) and y,(k). Thus, if an “equivalent” form of Ce,(k) is

used to replace C(k), there is no justification for Jy and J; to remain their original forms unchanged,
since the two functions themselves are parts of C(k). However, on the other hand, ‘equivalent’ forms
of Joeq and Jieq are always unavailable.

An important property of the AAF of a thin airfoil section, y (k), is its independence on the
oncoming wind fluctuations. Scrutiny on the derivation of y (k) reveals the following prerequisites
that lead to this kind of independence (von Karman and Sears 1938, Sears 1941): (i) The
aerodynamic performances of a section can be determined by its body midline, and influences of the
thickness along the midline are negligible; (ii) The vertical motion and/or the wind fluctuation at
any location is small, so that the trail of vortices formed behind the section lie straightly upon the
X-axis; (iii)The theory of complex potential of incompressible inviscid flow is applicable to the
whole field around the section, Therefore, induced circulations around the section from vortices
located behind can be integrated along the X-axis from 1 to oo, based on the principle of
superposition.

None of the above prerequisites is fulfilled in cases of bluft body sections, where the mean and
turbulent wind structures developed around and behind the body depend on the oncoming turbulence
structures; body thickness or body shapes are of primary importance to the formation of the flow
field around; wind fluctuations could be no longer small compared to the mean wind speed; theory
of potential flow is inapplicable and severe detached flow could be involved. In such a situation, it
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is logic to reason that AAFs depend on the oncoming turbulent field. Verification of this basic
property is of significance in engineering, since it determines the methodology used to obtain AAFs.

In the following sections, this basic property is investigated by means of CFD, with a bluff section
and a thin plate section concerned.

3. Wind-field dependence of AAFs
3.1 Computational set-up

Two typical sections are considered in comparison to investigate the dependence of AAFs on
oncoming turbulent flows. One is a very streamlined plate with a very high width-to-height aspect
ratio, and the other is a bluff double-girder section common to bridge decks. The two sections have
almost the same width of 310 mm, as shown in Fig. 5. The thickness of the flat plate is 3 mm, and
the height of the double-girder section is 33 mm.

Fig. 6 shows the computational domain. The synthesis method by Davidson (2005) is employed
in this study for the inlet flow set up. The adopted method generates a divergence-free fluctuating
velocity filed that satisfies the von Karman’s wind spectrum. A pressure-outlet condition is used at
the outlet, of which one advantage is that the backflow can be considered during the simulation.

In cases when sinusoidal wind fluctuations are used, the vertical wind component across the
whole inlet is given as

w = Asin( wt) (11)

where A is velocity amplitude and o is circular frequency. Simultaneously, a vertical wind
component

w(x,t) = Asin[ o(t —x/U)] (12)

is given along both the top and bottom boundaries, as shown in Fig. 6. At section surfaces, no-slip
conditions are imposed.

Computations have been conducted using commercial software ANSYS Fluent. The flow field
is spatially discretized into multi-block structured grids. The gridding applied to the sections are
shown in Fig. 7, and the number of the grids around the flat plate and the double-girder are
respectively 312,000 and 384,000. Progressing in time is accomplished by a second order fully
implicit scheme. Time steps used in simulations is set to At =0.0026B /U , which ensures Courant
number of less than 1 for almost all the computational domain except a few cells at the end of the
section. The simulations have been performed with time duration T,=1100.4B/U = 42.32 s in order
to result in a long enough sample.

RANS method is adopted, of which a large number of branches have been developed to simulate
the turbulence viscosity. In this study, the SST k-w method is used for turbulence modeling, which
uses turbulent Kinetic energy k and turbulence frequency w to describe turbulence viscosity. The
transport equations of these two variables are given as follow

8 8 o N
—(pk)+—(pku,) =—| (u+—)— |+ G, Y,
S (P+ 2 (k) ax((# Gk)aXJ —

]

]

(13)
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0 U, \ Ow
—| (u+=+)— |+G,-Y_+D
6X_{(/J O')OXJ 0 Yot D,

]

w ]

0 0

P (pw)+ P (pou;) =
‘ (14)

where K is turbulence kinetic energy; turbulence frequency w = ¢/k; ¢ is turbulence dissipation; G

production of k; G,, is production of w; Y is the dissipation of k; Y,, is the dissipation of w; D,, is
cross diffusion term;

The turbulent Prantdl number o, and o, are computed according to

O, = 1
Flo,+01-F)/o, (15)
and
1
o, =
Rlo,,+0-F)/o,, (16)
where
F, = tanh( @, ") (17)
and
@, =min | max Jk ’50(2);1 , 4'Ok+ - (18)
009y py‘w) o,,D,y
D, = max| 2p— L K 9@ 440 (19)
O,2 @ OX; OX;
F, = tanh(®,’) (20)
and
®, =max| 2 Jk ,502ﬂ (21)
0.09a0y py @

Finally, with £ and w resolved by Egs. (13) and (14), the turbulent viscosity u: is determined by
ek 1

Hy N
@ max {1, SFZ}
Qo

and Sj is the rate-of-strain tensor.

(22)

where S =,/S;S;; ,
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Constants involved in the model are given as: o, =1176 , 0,,=20, 0,,=10 ,
c,,=1168 , a =031, B,=0075 , S
R,=295, 8, =052,

,=0.0828 , o, =052 , a,=1/9 ,
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(a) Thin plate section

(b) Double-girder section
Fig. 5 Sections used for CFD (unit: mm)

¥ w=Asin(e*(t-x/U).
[==+4
—>

w=Asin(w*f).
A AT
W

= Xo

—>

12B

—>

w=Asin(w*(t-x/U)-

‘ 28 |

SRR

525
’5%

rrglleg ey 00,5 T
Vir 000, 00,2000, i
N 03y t000, 00,005 05 0,00, KA
iyt ogitiyglteg 955% 5
GRRRS e el
LR i RS CE
QR it e e 0t esel
SRR i il s
TSR i 5

2
R

SF
iy
T
R

Stk
e
Sl
D

L

ey

e,
ey

SRR
S
S

oS

PAY
)
Vv,
N

5
S
5
‘:{:“‘
&
e
=
ek
e
G

i
i,

s
WSt
::25::8‘\

252

5
S

R

=

111} I
AT T AT O
N
Y

5
555
R

a3
=t
ko)
RS
IR eTs Sy rd}
Wmmﬂfﬂa‘viﬂg"

53
S
XX

111
T

T
i

.
3
%

3
o
ST
=5
25
5
yoer,
K

%
K
R0

<

3

X
2%

£
i SRR
A i A v Y
) < A INATSN N A
'-“.o ‘l‘.‘\\\"s”o’t' e
5 P
AT o e
ity R SRR
Btatelo iyl e I A o TR0
st i AR

(a) Thin plate section

(b) Double-girder section
Fig. 7 Meshing around the models



292 Zhitian Zhang, Weifeng Zhang and Yaojun Ge

3.2 Identification of AAFs

When only vertical wind component is involved, as considered in the numerical example in this
study, the aerodynamic lift and torque are given as

Lb(t>=pus(§ (CL(a)+cD(a»zLWw(t)j )

My (t) =pus2[§caﬂ (a)zMWw(t)] (24)

where L (t) and M,(t) are buffeting lift and torque respectively; C,(a), C («), C,, ()
are aerostatic drag, lift, and torque coefficients, functions of wind angle of attack «; C'L(a) ,

Cy, (o) are derivatives of C («) and C,,(ar) with respect to a; x,, Xweare complex

AAFs dependent on reduced frequency.
Taking Fourier transforms of Eqs (23) and (24) obtains frequency spectrum of the lift and
torque, as

1 :
S.=( PUBY'(CL+CoYl | S, (25)

1 ,
Sy =(; U 2B)?Cr, | 2l S (26)

where S, Sy, Sw are frequency spectra of the lift, torque, and vertical wind fluctuation,
respectively. According to Eqs (25) and (26), the square of modules of AAFs can be denoted by

2 S,
[l =g —— : (27)
(5 PUBY(CL+Co)S,
S
|ZMW|2: 1 5 M2 ) (28)

For comparison in the subsequent text, the square of module of Sears AAF is also given here by
the Liepmann approximation, as

1

k) =———
|ZL( )| 1+ 27%k

(29)

3.3 Turbulence generating

Two kind of wind fields are simulated in this study for identification of AAFs. The first one is
turbulent wind field, and the turbulence at the inlet is simulated using the method put forward by



Aerodynamic admittances of bridge deck sections: Issues and wind field dependence 293

Davison et al. (2005), which generates turbulent wind histories for given turbulence intensity,
integral length, or power spectrum density. The von Karman wind spectrum is adopted in this work.
Fig. 8 shows the targeted spectrum and simulated spectrum at the leading edge of the section in the
computational field. It is found that the simulated agrees quite well with the targeted wind spectrum.

Another kind of wind field is vertical wind fluctuation with a single frequency. It is generated by
forced inlet and boundary conditions (Tang et al. 2015), as introduced in section 3.1. As shown in
Fig. 9, this method generates extremely pure harmonic wind fluctuations. By changing the frequency
of the harmonic wind fluctuations, the desired range of frequency can be covered discretely.

1 T
von Karman PSD
—— Simulated PSD
o4 nm\ H M
\HHH‘ MH “
I
oL ‘ “”. U'M' T !
=
7} H
1E-3} I
1E-4}
1E-5¢
1E-3 0.01 0.1 K 1 4
Fig. 8 Wind spectra of the vertical gust at (x, y) = (5B, 0)
03r 0.3
Targeted - T_argeted
0.2r e Simulated 0.2 e Simulated
201 201
£ g
g 0.0 ; L6 = 0.0 . . tt(s) ]
1 0.80 0.32 0.34 0.36 0.38 0.40
-0.1}F -0.1
-0.2}F -0.2F
0.3t -0.34
(a) k= 0.03 b k=1

Fig.9 Vertical sinusoidal gusts obtained at the leading edge (x , y) =(5B , 0)
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3.4 Results and discussion

Fig. 10 presents the squares of module of AAFs obtained from the above mentioned two types of
wind field. Corresponding PSD of the turbulence (Wind field 1 in Table 1) at the leading edge is
shown in Fig. 8. For the harmonic wind field, the amplitude of wind velocity at all frequencies is
0.226 m/s. The mean wind speed and turbulence intensity of both wind fields are 8 m/s and 2%,
respectively. It is noticed that, for the case of flat plate, computed AAF in sinusoidal wind field is in
very good agreement with the sears function, and this verifies to some extent the reliability of the
employed CFD model and algorithm. For the case of double-girder section, there is significant
difference between computed AAF and Sears AAF. This is expected results since double-girder
section is of obvious bluff body properties. On the other hand, obvious disagreement is found
between AAFs from turbulent and harmonic wind fields in the frequency range where signature
turbulence occurs, and this contributes to the property of wind field dependence of AAFs of bluff
bodies.

If an AAF is independent on oncoming wind fields, it can be reflected in many aspects: (i) First
of all, its value at frequency w;, ¥(®,), is independent on the frequency spectrum or PSD of the
wind S, (@); (ii)Further, y(@) is independent on the PSD of the wind at any other frequency
w;j #w;, say S, (a)J) . All these properties are necessary conditions of an AAF being independent on
oncoming wind field, and can be used to examine this kind of independence.

In what follows, we examine the dependence of y(@,) on S, (@), and the change of S, (@)
can be realized simply by changing amplitude of the harmonic wind fluctuation, since S, (@) is the
square of the module of the frequency spectrum of w(#) at w;. To this end, both the flat plate and
double-girder sections are investigated. By changing the frequency of a harmonic wind field, the
aerodynamic loads developed on the sections are calculated, according to which the AAFs at
different frequencies are able to be identified.

Three levels of vertical wind velocity are used, as shown in Table 1, varying from 0.22 m/s to
1.333 m/s. Typical time histories of lift developed on the thin plate and on the double-girder section
are plotted in Figs. 11 and 12, respectively. It is noticed that, in the case of double-girder section,
aerodynamic lift is periodic (see Fig. 12(a)), even in uniform flow, indicating regular vortex
shedding.

2 2
Figs. 13 and 14 plot respectively ‘ ;(LW‘ and ‘ ;(MW‘ versus reduced frequency k. It is found that

the identified AAFs of the thin plate section exhibit independence on the amplitude of the wind
fluctuation, or, at best, exhibit very weakly dependence on it, and this weak dependence can be
within numerical uncertainties. On the other hand, in the case of the double-girder section which

2 2
possesses typical bluff body properties, there is obvious dependence of ‘ ;(LW‘ and ‘ ;(MW‘ on the

amplitude of the wind fluctuation, especially in the higher frequency range where signature
turbulence interact significantly with the oncoming wind fluctuations.
Referring to Eq. (23), if y,,,is uniquely determined by the reduced frequency K (or k), then, for

a given reduced frequency K, the ratio of the amplitude of lift to that of the wind fluctuation would
be a constant, independent on the oncoming wind field, as

L _

= =const . (30)
[wit)

pUB(% (C{_(a) + CD (a))Zij
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That means, for a sinusoidal input wind fluctuation

w(t) = A, sin( wt)
and the output aerodynamic lift fluctuation
L,(®) = Asin(at + )

the ratio of A / A, would be a constant that is independent on Ao. This property is checked at

295

€2))

(32)

reduced frequency K = 0.8, as shown in Fig. 15. It is noticed while the ratios in the case of flat plate
varies only very slightly, those in the case of double-girder section varies drastically among different
wind fields, indicating a significant dependence on the oncoming wind property.
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Fig. 10 Aerodynamic lift admittances under two types of wind fields
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Fig. 11 Time histories of lift coefficients for the plate section (k= 0.8)

—— Time history - - - - Average

0.6 08 10 12 t(s) 14

(a) uniform flow

—— Time history - - - - Average

—— Time history - - -

fit
il

Average

—— Time history - - - - Average

15 20 25

(b) wind field 1

t(s) 3.0

15 20 25

(c) wind field 2

1(5)30

15 2.0

(d) wind field 3

t(s) 25

Fig. 12 Time histories of lift coefficients for the double-girder section (k = 0.8)
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Table 1 Velocity amplitudes (k = 0.8)

wind filed 1 wind field 2 wind field 3
Velocity amplitude 4o (m/s) 0.220 0.664 1.333
Equivalent turbulence intensity 2% 6% 12%
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Fig. 14 Admittance function ‘Z ""W‘

A number of researchers identified AAFs of bridge deck sections in wind tunnels (Larose e/ al.
1998, Larose and Mann 1998, Diana e/ al. 2002, Matsuda et al. 1999). Traditionally, AAFs are
considered to be independent on wind fields, and hence arbitrary wind fields in wind tunnels have
been used to identify them. As above discussed, if AAFs of bluff sections are inherently dependent
on the oncoming wind properties, an issue arises as regards the applicability of the traditional method,
since the wind fields used in wind tunnel may differ significantly from those at the bridge sites. If
this dependence of AAFs is to be considered, wind fields used in wind tunnel need to resemble those

in sites, and designers should always be cognizant of the possible influence when such resemblance
cannot be satisfied.
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Fig. 15 Ratios of the amplitude of lift to wind (k= 0.8)

4. Conclusions

In this paper, two AAF models that have been applied quite extensively in bridge aerodynamics
are addressed. Both models adopt the methodology of deriving AAFs from known flutter derivatives;
that is, in essence, determining the unsteady buffeting loads by the aeroelastic property. By assuming
equivalence between the Wagner and the Kiissner functions, the first model sets up directly the
relation between AAFs and flutter derivatives. It is revealed this model is only applicable to very
low reduced frequencies, which are much lower than predominant buffeting frequencies of long-
span bridges immersed in fields of low-to-moderate wind speeds.

The second model introduces a relation between ‘equivalent’ Theodorsen circulation function
and ‘equivalent’ Sears function, similar to that hold for thin airfoils. In so doing, an approach is also
established to derive AAFs from flutter derivatives. However, a fundamental illogicality is revealed
in this model either; that is, no appropriate ‘equivalent’ Bessel functions exists for the relation.

A viewpoint is put forward that AAFs of bluff bridge deck sections are inherently dependent on
the coming wind properties, and this dependence is investigated with comparisons between a thin
plate and a double-girder section. The results show that the AAFs of the bluff double-girder section
exhibit obvious dependence on basic properties of oncoming wind fluctuations. In view of this, it is
recommended that AAFs of bluff bridge deck sections be identified in wind fields possess similarity
to those at bridge sites.
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