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ABSTRACT: Codified specifications on wind actions, such as those prescribed in the Eurocode
EN 1991-1-4, ISO, and ASCE norms, contain various procedures for calculating the buffeting
response of typical buildings and bridge structures. Most often such procedures provide a simple,
robust, and operational framework allowing for accurate predictions of the relevant wind loads
and responses for many types of structures. The codified procedures for calculating the buffeting
response are, however, not always applicable in the case of complex loading scenarios, such as the
resonant response of structures with mode shapes of non-constant sign, and some of the prescribed
mathematical expressions may contain coefficients and variables that are difficult to interpret in a
physically consistent manner.

The present document outlines a new codified procedure for calculating the along-wind buffet-
ing response of buildings and bridges. The new procedure is simple and operational, and extends
the current Eurocode EN 1991-1-4 provisions to cover mode shapes with non-constant signs, al-
lows for the systematic use of cross-sectional admittance functions, and ensures an asymptotically
consistent modeling of the two-dimensional surface pressure characteristics. The perspective of
the new calculation procedure is also discussed to reflect on the implications of updating the buf-
feting response calculation procedure in the next revision of the Eurocode.

KEYWORDS: Eurocode, Buffeting load, Buffeting response, Size-reduction function, Joint-ac-
ceptance function, Aerodynamic admittance function

1 INTRODUCTION

The current Eurocode EN 1991-1-4! provides two alternative procedures for calculating the dy-
namic along-wind buffeting response of structures. The two procedures provide predictions of the
same order of magnitude, and both procedures assume that:

1. the wind load is determined from the undisturbed wind field;
2. the structure is linear-elastic with viscous damping;
3. the along-wind mode considered is uncoupled from other modes.

According to assumption 1 above, the pressure correlation is assumed to be identical to the
correlation of the longitudinal turbulence in the undisturbed wind field. This assumption may lead
to an overestimation of the load, due to lack of correlation between wind load on the structure front
and on the rear face. On the other hand the load will be underestimated due to the fact that pressures
on the structure are better correlated than the longitudinal turbulence in the undisturbed wind field.



The basis of the procedure outlined in the present document is a cross-sectional admittance
function, which gives the conversion between the spectrum of the incoming air flow and the spec-
trum of the wind action on a given structural cross section. The cross-sectional admittance function
is subsequently combined with the correlation of the wind flow for longitudinal turbulence com-
ponent separated along the main axis of the structure. For a line-like structure the correlation be-
tween cross sectional forces will be described well by the correlation of the incoming flow with
the same separation. The procedure also allows for a more direct application of the inertial forces
in the determination of the structural response.

2 STRUCTURAL RESPONSE DUE TO BUFFETING

The fluctuating part of the structural response consists of two main contributions, originating from
background turbulence, i.e. the broadband turbulence fluctuations in the wind, and resonance tur-
bulence, i.e. the turbulence fluctuations in the wind in resonance with a natural frequency of the
structure. In the present Eurocode format, their respective contributions are expressed by statistical
variance terms in the response, ultimately prescribing the characteristic response.

It is necessary to include the integral effect of response reduction caused by the lack of full
surface pressure correlation to avoid an unnecessary overestimation of the background turbulence
response on large structures. On the other hand, to avoid an underestimation of the resonant re-
sponse on dynamically sensitive structures, the resonant amplification of turbulent loads near a
structural natural frequency should be included?. In the Eurocode format, the relative effect of
these two wind effects are modelled by the background response factor B? and the resonant re-
sponse factor R?, respectively. The theory presented in the following subsections is based on the
Davenport wind load model?.

2.1 Quasi-static peak wind force model

Consider a structure of width b and height [, where the mean wind direction is directed towards
a plate-like surface of coordinates y € [0,b] and z € [0, []; see Figure 1.

Cross section

Wind %F

Figure 1. Example of model structure of width b and height L.

For each point on the surface, let the fluctuating wind load be defined by the sum
F(y,Z,t) = Fq()’,Z) + Ft(y,z, t)'
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where F, isthe mean wind point load and F; is the fluctuating part of the point load due to wind
turbulence. The mean and fluctuating part may be modelled by?

Fq(}’»Z) = %p Vm(yfz)z Cf(J’»Z)» and Ft(Y»Z, t) =p Um(y,Z) U(y,Z,}’)Cf(Y’Z),
where p is the air density, v,, is the characteristic mean wind velocity, u is the along-wind
turbulence component, and c¢ is a force coefficient for the load considered.

The mean response, which originates from the mean wind load acting on the structure, is then

l b
UR = f f F,(v,2)Ik(y,z) dy dz,
0Y0

where Iz (y, z) is the response influence function equal to the response obtained for a unit load
acting at the point (y, z). As an example, Iz(y,z) = z in order to evaluate the bending moment
at z =0.

The background turbulent response is calculated by treating the fluctuating wind load caused by
turbulence F; in the quasi-static fashion

Ll b
RM@=LL&@@G&mn@mZ

The resonant turbulent response may be calculated using modal analysis. The resonant response
is usually dominated by a fundamental mode and the corresponding generalized fluctuating load

l b
mﬂ=ffamzmszwm
0+Y0

where &(y,z) is the non-dimensional deflection mode shape.

2.2 Evaluation of responses as stochastic processes

The fluctuating part of the load due to wind turbulence may be treated as a stochastic process. This
gives the following expression for the variance of the background response?

1 ~l sb b
Ug = f f f f gb()’l'zﬂgb(}’z'Zz)Pu(Ty'rz) dy,dy, dz,dz,,
0 7o Yo Yo

where g, (y,2) = pvn(y, 2)ce(y, 2)Ir(y, z)o, (v, z). The function pu(r ,rz) is the correlation
coefficient for the along-wind turbulence component separated by 7, = |y, —y;| and 7, =
|2, — 2.

The dynamic part of the deflection may as an approximation be expressed as a(t)é(x,y),
where a(t) is a stochastic amplitude function. The spectral density of a(t) is then given by

Sa(m) = [H,(m)2So(n),

where H;(n) is the frequency response function associated with mode i and the natural fre-
quency n;.

Let the power spectrum of the along-wind turbulence be denoted by S,,. The generalized load
spectrum is then®

1l ~l ob b
So (n) = j j j f 9r(V1, 71, n)gr(yZ'ZZ’n)dju(r 21, Vm) dy,dy, dz,dz,,
0 Yo Jo Yo

where g.(v,2) = pvy (v, 2)ce(y, 2)é(y, 2)/ Sy, (v, z,n). The function ¢u(r Ty N, vm) is the
normalized co-spectrum for the along-wind turbulence components separated by 7, and r,. The

variance of the stochastic amplitude function a(t) is then found by an integration of the spectral
density, i.e.



0z = waHi(n)IZSQ(n) dn.
0

The damping consists of both aerodynamic and structural damping, and is often relatively low,
meaning {; < 1,and S,(n) usually has most of its values at frequencies below n;. In this case
the so-called white noise approximation may be applied®

m? 1 n;

oF = SQ(ni)J;) |H;(m)|* dn =~ 26, m2 (ZH—WSQ(ni)’
where the last integral is found by contour integration and mg denotes the modal mass. The
damping is here expressed by a logarithmic decrement, i.e. §; = 2r(;, valid for small damping
ratios. The fluctuating loads due to resonant buffeting may then be expressed by inertia forces
proportional to the acceleration, and the variance of the resonant response becomes
2

I b 2
s
of = ( f f 1, 2)¢(,z) Ir(y, z) dy dZ> (2mny)* of = o5 Kt ni So(ny),
0 o t

where the load-response parameter K, is defined as
L b L b
N k0.2 DIRGL 2D dydz [ [ u(, 2)¢(y, DIr(y, 2) dy dz

M [0y 1, 2)§%(y, 2) dy dz

Here u(y,z) denotes the mass per unit area of the structure considered. The load-response pa-
rameter is proportional to the ratio between the generalized load and the response calculated using
inertia forces. The unit of K, isequal the unit of Iy.

K

2.3 Background and resonant response factor

The standard deviation of the structural response is assumed to be the sum of the uncorrelated
contributions from the background and resonant turbulence response. Allowing different peak fac-
tors for the two contributions gives the following relation for the characteristic response

2
Rmax = URr + \/(kB : O-B)z + (kp ) GR) ’
The characteristic response may be defined relative to the mean response using the along-wind
turbulence intensity, I,, = a,,/U, by the expression

Rmax = Ur <1 +2-0,- \/(kB ) B)Z + (kp ' R)2>' @

where
__ Ok .ok

412 - ug’ 412 - ug

The parameters B? and R? are denoted the background response factor and the resonant re-
sponse factor, respectively. The following section will explain how B? and R? may under cer-
tain assumptions be evaluated in a relatively simple approximate format, even though they are
represented mathematically by rather complex quadruple integrals; see Eq. (6) and (7).

Note that it is not always possible to express the background and resonant turbulence response
using the mean response, for instance when the mean response is zero or for response influence
functions and structural mode shapes with a non-constant sign. This will be discussed further in
Section 5.

2
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3 PRODUCT FORMAT FOR DOUBLE AND QUADRUPLE INTEGRALS

For simplicity, it is in the following assumed that the force coefficient c¢, the characteristic mean
wind velocity vy, the wind turbulence power spectrum S, and the along-wind variance ¢? are
constant, or at least evaluated at a single representative point on the structure. Furthermore, the
correlation and co-spectral properties are modelled by two-dimensional exponential expressions®#

2 2 )
pu(ry,1;) = exp| — (Z—%) + (Lr—%) , Yu(r, 1 v ) = exp (—:—I;\/(cyry)z + (czrz)z)

where LY, L7 are the integral length scales, and cy, C, are decay constants for the normalized co-
spectrum of the along-wind turbulence components associated with separations along y and z.
Finally, it is also assumed that the two-dimensional response influence functions and mode shapes
may be expressed as product of two one-dimensional functions, i.e. Ig(y,z) = I, (¥)Ir,(2z) and

§,2) = &, ()¢ (2).

Let the non-dimensional power spectral density function be defined by Sy, (n) = %2(") Then

u

the expressions for B2 and R? takes the form
Ll ¢b b

— J-0 J-0 fo fo IR,y(yl)IR,z(ZﬂIR,y(yz)IR,Z(ZZ)pu(r ,rz) dy1 dyz dZ1 dZZ
- () 2

(fo Jo IRy IR 2(2) dy dz)

Ll b b

T ke o I Jo Jy & OE(20)8, )€, (2) % (1511, ) dyy dy, dz, dz,
B g A " 2 f
l (fol fob IR,y(y)IR,z(Z) dy dZ)

Note that both expressions consist of quadruple integrals of response influence function or mode
shapes multiplied by an exponential term.

BZ

, @)

RZ

3)

3.1 Asymptotic representation of quadruple integrals as double integrals

The evaluation of the quadruple integrals given in Eg. (2) and (3) may be greatly simplified by
utilizing an approximate representation with correct asymptotic behavior for situations corre-
sponding to a large structural dimension compared to the integral length scale, for the background
turbulence case, or corresponding to a large dimension compared to the average size of the turbu-
lent vortices, for the resonant turbulent case.
Denote the ratios between the structural dimensions and integral length scales by ¢, = b /L,
and ¢, = 1/L%. Then the following asymptotic limit is obtained®
lim B?= % ( lim Bj) : <¢lzlglooBZZ>’ (4)

qby—)oo,qbz—wo ¢y—>oo

where
b b 1.
fo fo IR,y(yl)IR,y(yZ) exp (_¢y ?y) dyldyZ

(12 thy ) dy)’

and similar for B2(¢,). The factor /2 is a purely mathematical term representing the ratio be-
tween the product of plate-like and line-line integral functions in the asymptotic limit.

By (¢y) =



The mathematical simplification presented above is much similar for the resonant response fac-
tor, except that ¢, = bcyn; /vy, and ¢, = lc,n; /vy, and the response influence function in the

numerator is replaced by the mode shape, i.e.
2

lim R*=—35 (n) ( lim R ) ( lim RZ) (%)
¢y_>°°;¢z_’°° 26 Nl ¢Pz—o00 z)p
where

1 15 & ()& (v2) exp (— b, b)dyldyz
(f IRy(y) dy)

RJZ/(‘iby) =

and similar for RZ(¢,).

3.2 Analytic expression for uniform response influence function or mode shape

It is the goal to make a simple analytic framework for evaluating integrals of the form similar to
BZ(¢,) and R2(¢,) for constant-sign response influence functions and mode shapes. The fun-
damental reference case is when the response influence function is uniform, i.e. Iz, (y) = 1, for
which the double integral has the analytic solution®

2
Bii(y) = ¢_32/(¢y — 1+ exp(—¢y)).

The uniform reference case satisfies the asymptotic limit
lim B3(¢,) = 2
¢y—>oo y ¢y

The asymptotic limit of B ((l)y) for a general response influence function is®
(¢y) - ¢_

"y IRy(y> dy)’
A scaling of the argument in the analytic expression associated with the uniform reference case
may therefore be used to obtain an asymptotically correct analytic expression for B,, of the form

[ Iry()dy
By (#y) ~ Bi(ap,y - ¢y), where ap, = (bofoi;y(y)di

For the background response, the correlation scaling factor ajg ., depends only on the response
influence function, and it can be shown that(gimoBJE(qby) = 1 independent on the response influ-
y—)

¢—>oo

ence function?. This means that the correct asymptotic behaviour for small values of ¢, is also
obtained using the approximation. The same approximation may be applied to BZ(¢,).

A similar approximation may be applied to the resonant response factor. Again, the aim is to
express the double integral formula by the simple analytic expression for a uniform response in-
fluence function, Ig, (y) = 1, and uniform mode shape, &, (y) =1, i.e.

2
RIZJ(¢y) = _327 (¢y -1+ exp(—qby)),

for which the asymptotic limit is given by
2

11m RU(qby) = qb_
y
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The asymptotic limit of RZ(¢,,) for a general type of mode shape is
b
2 bJ &Od
Jim R2(¢,) = o bfo (v 3'2.
g y(fo IR,y(y) dy)
An asymptotically correct analytic expression for the integral is therefore given by

P 1ryay)’
R (¢y) = Ri(ary - #y), where ag, = %
0

The correlation scaling factor ay,, depends on the mode shape and the response influence func-
tion. Due to the asymptotic behaviour of R3, it is also possible to include the effect of the load-
response parameter K, using an additional scaling of the argument, i.e.

b . b 2
K% - R;(¢y) ~ Ri(agy - ¢y), where ag,, = , fy(J;)dJ" U IR‘Y(y)dZ) :
b (I3 &Iy @)dy)

The same approximation may be applied to R2(¢,), but that the scaling using K, should only
be applied to either RZ(¢,) or RZ(¢,).

The presented approximation for the resonant response factor does not necessarily ensure a cor-
rect asymptotic behaviour for ¢, — 0. In the uniform reference case, the limit for ¢, — 0 is
unity, while the correct asymptotic value is

(e dy)
(12 oy ) dy)’

This shows that the correct asymptotics are obtained for ¢, — 0 if the mode shape and response
influence functions are of similar form, e.g. both uniform or both linear.

The additional scaling of the argument provides a great simplification of the calculation format.
The resonant response factor is for typical structures often evaluated at relatively large values of
¢y, where the approximation turns out to be fairly precise, see also Section 4.2.

The idea of using a uniform reference influence response function or mode shape to develop
simple analytic expressions for evaluating general background and resonant response factors is
also a part of the theory behind Procedure 1 in the current Eurocode, which was developed by
Prof. G. Solari, University of Genoa.

Jim, (K 15(6,)) = K.

3.3 Product format for response influence function and mode shapes of constant sign

Consider a tall structure where [ > b and assume that the response influence function and mode
shape does not depend on y, i.e. Iz, (y) = &, (y) = 1. Let the considered response be the bend-
ing moment at z = 0, corresponding to the response influence function I ,(z) = z. This is a
model scenario covering the along-wind response of a typical tall building. In the following text,
the subscript “L” is used to denote quantities associated with the main structural dimension.

Define the one-dimensional admittance function for constant sign response influence function
and mode shapes of constant sign via the uniform reference case, i.e.

2
xG (@) = 7 (¢ — 1+ exp(—9)).
Based on the derivation presented previously in this section, the background response factor may
then be approximated by



(fy1 R,z(Z)dZ)z _3 (6)

l .
Ly IR, (0)dz 4

This factor is to be utilized in Eq. (1). Note that the admittance combination factor of 2/m is in-
cluded by a scaling of the argument of the admittance function associated with the smallest struc-
tural dimension. This ensures that the correct asymptotic behavior of the product format is also

obtained for in the asymptotic limit of line-line structures, since ;)irr(l))(ﬁ (% . qb) =1.

B? ~ XLZI (% : ¢y) : XIZJ(aB,L : d)z)r where a1, =

Similar to the approximation of the background response factor, the resonant response factor may
be approximated by

2
2 flfzz(z)dz- (flIRz(z)dz)
R? ~ Z 5y, () - x2 (% “xé(agy - ¢,), where ap, == L :
265; Nu\’4 U (” ¢y) U( RL ¢z) R,L l(fol fz(Z)IR_z(z)dz)z

This factor is to be utilized in Eq. (1).

Mode shapes are often approximated by an exponential expression of the form &,(z) = (z/1)¢,
where ¢ = 0. The uniform (¢ = 0), linear ({ = 1), and parabolic ({ = 2) mode shapes are ex-
amples. The correlation scaling factor ay, is for such an expression given by

— fOl (%)26 dz - (fol IR,z(Z) dZ)2 3 1 (¢ + 2)2
RL — > = .
(L0 mwa) PR

The procedure outlined above illustrates the general applicability of the product format.

(7)

3.4 Characteristic along-wind acceleration

The characteristic peak acceleration of a structure is relevant for occupant comfort. Adopting the
definitions presented in the previous subsections, the variance of the peak structural acceleration
is given by

415 - g

>
(s Jy 10, 2)E (v, 2) In(3,2) dy dz)
The standard deviation scales with the mode shape and may be expressed by

$.(2)

e’ Emax’
where &,.x 1S the mode shape value at the point with maximum amplitude, m. denotes a refer-
ence mass per unit length, and the mean wind velocity pressure g,, and the load distribution factor
Kr 1 are defined as

O%cc = 2nny)* of = R* -

Jacc(z):2'Cf'1u'Qm'b'KR,L'R'

_ ) Ol Ix(2) dz
[} &.(2)Ir(2) dz
N4
For mode shapes given by an exponential expression of the form &,(z) = (T) , Where ¢ > 0, the

load distribution factor K ;, is given by

" In(2) d
KR‘L= fo R(Z) VA =%(€+2)

LE) h@dz

qm = Epvé, Kp1
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For mode shapes of constant sign, the load distribution factor Kj is the scaling of a load distribu-
tion proportional to the mode shape resulting in a response identical to that of a uniform load
distribution, see Figure 2.

p

p - Kg

f Y Y

F Y 9

Y

L
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™Y ™Y
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Figure 2. For mode shapes of constant sign, the load distribution factor Kj is the scaling of a load distribution pro-

portional to the mode shape resulting in a response identical to that of a uniform load distribution, i.e. My = Mj.

Y

4 ASYMPTOTIC BEHVAVIOUR OF PRODUCT FORMAT

The following section illustrates the asymptotic behavior of the proposed product format. The
model scenario is again the along-wind response of a tall building, i.e. [ > b and a response in-
fluence function and mode shape that do not depend on y, i.e. Iz, (y) = &, (y) = 1, Also, let the
response be the bending moment at z = 0, corresponding to I ,(z) = z.

4.1 Background response factor

The background response factor B? determined using the quadruple integral (Eg. (2)), using the
product of two double integrals (Eq. (4)), and using the proposed product format (Eg. (6)) are all
presented in Figure 3, for ¢, = 0 and ¢, = 0.5 - ¢,. The two scenarios correspond to a line-like
structure and a structure where b = 0.5 - [, respectively.

¢, $,=050,
10 T = 10° ==
~. ~ R
Y
~
— \ W —
10t Estipmmenn s \\ 107t it Emmrnn e,
Quadruple integral - Eq. (2) X “ Quadruple integral - Eq. (2)
—— Product of double integrals - Eq. (4) N —— Product of double integrals - Eq. (4)
- — Proposed product format - Eq. (6) - = Proposed product format - Eq. (6)
2 [ [ -2 I I
10 10
1072 107" 10° 10 102 1072 107! 10° 10! 10°
6,1 6,1

Figure 3. The background response factor B2 determined by numerical integration of the quadruple integral
(Eq. (2)), using the product of two double integrals (Eq. (4)), and using the proposed product format (Eq. (6)). The
plots consider ¢, = 0 (left figure) and ¢, = 0.5 - ¢, (right figure).

Figure 3 illustrates that the proposed product format is a very good approximation of the quadruple
integral for all values of ¢,. The admittance combination factor of /2 is clearly necessary to



include to ensure a correct asymptotic behavior when both ¢, and ¢, approach infinity. When
both ¢, and ¢, approach zero, the product of double integrals (Eq. (4)) approaches /2.

4.2 Resonant response factor

Let the mode shape along the z dimension be parabolic, i.e. &,(z) = (z/1)2. The resonant re-
sponse factor R? determined using the quadruple integral (Eq. (3)), using the product of two dou-
ble integrals (Eqg. (5)), and using the proposed product format (Eq. (7)) are all presented in Figure 4,

using the expression Rz/(:—;SN,u(ni)), for ¢, =0 and ¢, = 0.5 ¢,. The plots illustrate that

the proposed product format is a very good approximation of the quadruple integral for ¢, > 10.
The admittance combination factor of /2 is clearly necessary to include to ensure a correct as-
ymptotic behavior when both ¢, and ¢, approach infinity. For ¢, < 10 the proposed format
iS conservative.
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Figure 4. The expression RZ/(:—; Snu(n;)) evaluated for a parabolic mode shape determined by numerical integra-
tion of the quadruple integral (Eg. (3)), using the product of two double integrals (Eg. (5)), and using the proposed
product format (Eq. (7)). The plots consider ¢, = 0 (left figure) and ¢, = 0.5 ¢, (right figure).

For a typical type of structure covered by the present Eurocode, the natural frequency in Hertz of
may be approximated by n; = 50/1, and adopting typical values of the decay constant, ¢, = 10,
and the characteristic mean wind velocity, v, = 25 m/s, implies that ¢, = 20. This underlines
that typical structures correspond to situations where the proposed product format is a very good
approximation.

As seen in Figure 4, the three different formula has different asymptotic limits for ¢, — 0, see
also Section 3.2. The quadruple integral approaches (5/6)?, the product of double integrals ap-
proaches m/2 - (5/6)2, while the proposed product format approaches 1.

Note that the comparison of the resonant response factor for a linear mode shape, i.e. &,(2) =
z /1, is equivalent to the results presented for the background response factor in the previous sub-
section, since the response influence function is assumed linear.

5 REPONSE INFLUENCE FUNCTIONS AND MODE SHAPES WITH CHANGING SIGNS

For non-constant sign response influence functions or mode shapes, it is not possible to express
the fluctuating part of the structural response in terms of the mean response. Instead, the fluctuating
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part of the structural response may be expressed using a non-uniform reference load distribution
for the background response and by equivalent static loads for the resonant response. The aerody-
namic admittance functions may then be expressed using their analytic expressions, which exist
for several fundamental structure types, such as cantilever and simply supported structures. The
mode shapes associated with these fundamental structures are illustrated in Figure 5.

Cantilever Simply supported

Figure 5. Mode shapes associated with a cantilever and a simply supported structure with three supports.

For simplicity, only the resonant response factor is considered in the following, but the principles
are equivalent for the background response factor.

Let the model structure have its main direction along z, and a uniform response influence func-
tion and mode shape along y. The characteristic response due to resonant turbulence alone is then
Rmaxg =kp-2-ci- 1, q b-l-Ky-R,

where the resonant response factor is

7.,'.2

2
R* = Z_(SiSN,u(ni) 'XIZJ (E : ¢y) XE((pz)
The analytic expressions of the one-dimensional admittance function for the cantilever structure is
2(4) = 2 2.8 _¢<2+8+8>
- XL¢_3,¢-¢2 ¢4 .(PZ ¢3 ¢4’
and for a simply supported structure with three supports it is

Xf(d))=(4_7:2+¢2)2(e¢-(4-n2‘(¢>+2)+q§3)—8-n2).

The fluctuating part of the structural response due to resonant turbulence may be expressed using
a non-uniform reference load distribution defined relative to the mode shape, i.e.

FW(Z) = Fw,f EZ(Z)/fmaX:
where the maximum load per unit length is F,, ¢. The response associated with this load is

l
Rmax,R = Fw,f_[0 EZ(Z)IR(Z) dz.

The maximum amplitude of the fluctuating wind load per unit length may then be evaluated as
Fw,f=Z'kp'cf'lu'qm'b'KR,L'Rﬂ

where
K., 1

e oh@d rlewd

Kp1 =



Note that this expression for the load distribution factor Kp;, is not identical to the expression
defined in Section 3.4 for a constant sign mode shape. For the cantilever model structure the load
distribution factor becomes Ky, = 3 and for the simply supported model structure Kp; = 2.

Since the fluctuating part of the structural response due to resonant turbulence is expressed rel-
ative to the mode shape, the fluctuating wind load determined above is in principle an equivalent
static load. This also implies that the maximum amplitude of the fluctuating wind load per unit
length F,, ¢ does not depend on the response influence function.

6 PERSPECTIVE

One of the advantages of the new procedure is that the actual correlation of pressures and forces
is taken into account via the cross-sectional admittance function. The current assumption of equiv-
alence between wind pressure correlation and velocity correlation does not provide consistent re-
sults, and this non-consistency could be removed by the new approach proposed. The approach
also facilitates the use of structure-specific wind load characteristics, such as aerodynamic admit-
tance functions, determined directly from wind tunnel experiments.

The new procedure will relatively easily accommodate codified extensions in form of mode shapes
with changing sign, across-wind buffeting response, and torsional buffeting response. The proce-
dure described above has been applied successfully in buffeting response analyses for long-span
cable-supported bridges. It is believed that the same approach may turn out to give a consistent
and operational description of buffeting wind actions on buildings.
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