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ABSTRACT

Wind loads on buildings can be quantified through synchronous measurements of pressure over buildin
model surfaces or by high frequency force balance (HFFB) measurements. Although this loading infor-
mation can be directly utilized for building design applications, current design practice often requires the
transformation of dynamic wind loading to the equivalent static wind loads (ESWLSs). This paper addresse:
prediction of wind load effects and modeling of associated ESWLs of buildings with uncoupled mode
shapes of vibration. Both building response in primary directions and that contributed by the combined
actions of wind loads in different directions are studied. Various approaches used in the development o
ESWLs associated with the peak wind load effects of buildings are critically evaluated with some new
insights that lead to improved modeling of wind loading for design applications.

INTRODUCTION

Wind loads on buildings can be derived through synchronous measurements of pressure over buildin
model surfaces or by high frequency force balance (HFFB) measurements (e.g., Kareem and Cermak 197
Tschanz and Davenport 1983; Boggs and Peterka 1989; Isyumov 1999). Buildings with symmetric plar
and coincident centers of mass and resistance generally have mode shapes which are one-dimensior
i.e., uncoupled in two orthogonal translational and rotational directions. This permits discussion of wind
loads and their effects (building response) in each primary direction independently. On the other hand
for buildings characterized by three-dimensional (3-D) coupled mode shapes and/or closely-spaced mod
frequencies, a 3-D coupled response analysis framework should be utilized that takes into account the cros
correlation of wind loads acting in different directions and the inter-modal coupling of modal responses
(e.g., Kareem 1985; Chen and Kareem 2005a and b).

The wind load effects can be generally separated into the mean (static), background (quasi-static) an
resonant components. Predictions of the mean and background response components using the static :
guasi-static analyses involving influence functions result in more accurate estimates than the modal analys
restricted to the fundamental mode. Whereas, the modal analysis offers sufficiently accurate prediction c
the resonant response component. The synchronous pressure measurements provide a detailed loac
information for response analysis, while the HFFB technique requires empirical mode shape correction an
assumption of neglecting higher mode contributions to the background response.

The measured dynamic wind loading information can be directly utilized for building design applica-
tions. However, current design practice often requires the transformation of dynamic wind loading to the
equivalent static wind loads (ESWLs). The modeling of ESWLs seeks static load distributions whose static
effects on buildings are equal to the actual dynamic wind load effects. This load representation allows
designers to follow a relatively simple static analysis procedure for prediction of building response to spa-
tiotemporally varying dynamic loads, and is often more suitable to current design practice. This format
serves as pivotal information for estimating response under the combined action of wind and other loads
and is widely used in current building codes and standards worldwide.

This paper addresses prediction of wind load effects and modeling of associated ESWLs of buildings
with uncoupled mode shapes. Both building response in primary directions and that contributed by the
combined actions of wind loads in different directions are studied. Various approaches used in the develor:
ment of ESWLs associated with the peak values of these responses are critically evaluated with some ne
insights that lead to improved modeling of wind loading for design applications.
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PEAK RESPONSE IN PRIMARY DIRECTIONS

Consider building response along the primary translatiorditection at a given wind speed and direc-
tion. The wind load per unit height at elevatierabove the ground has a mean componen®gf) and
fluctuating component aof,(z, t), which can be obtained through synchronous measurements of pressure
over the building model surfaces. Any building response (e.g., displacement, bending moment, shear forc
and member forces],.(t), can be separated into the mean (static), background (quasi-static), and resonan
components, and are quantified by the static, quasi-static analysis, and modal analysis involving only th
fundamental mode, respectively. The mean response and root mean square (RMS) background and reson
responses are expressed as (e.g., Chen and Kareem 2004)

R, = /OH e (2) Pp(2)dz Q)
OR,, = \//OH /OH ta(21) e (22) Rp,, (21, 22)dz1d2 (2)
_ Jy m(2)Ou(2)pa(2)dz [T
H rH
So.(N = [ [ 0u(:0)0u(20)S. (1,22, drdz @

whereH = building height;u,(z) = influence function indicating the respon8g under unit load acting at
the elevatiorr in z direction;m(z) = mass per unit heigh®,.(z) = fundamental mode shapg; and¢, =
fundamental frequency and damping ratio (including aerodynamic damping), respectielyzi, o)
andSp,, (21, 22, f) = covariance and cross power spectral density (XPSD) function betiRgen, ¢) and
P,(z,t); Sq.(f) = power spectral density (PSD) function of the generalized modal force.

The expected peak response (excluding the mean respdtisg),is obtained by combining the back-
ground and resonant components:

Rymaz = \/glga%%mb + ggo%’,w (5)
whereg, andg, = peak factors for the background and resonant response components, respectively, typi
cally ranging in value between 3 and 4.

It is noted that the background response analysis using the influence function implicitly includes the
contributions of all structural modes to the background response. Therefore, it results in a more accurat
response prediction compared to the modal analysis involving only the fundamental mode. Consideratio
of the contributions of higher modes to the background response is important for low- and middle-rise
buildings, although for high-rise buildings their contributions may be negligible as the resonant response
generally dominates the total response.

In the case where the spatiotemporally varying wind loading is not available, but the integrated wind
loading in terms of base bending moment, (¢), is quantified through the HFFB measurements using
scaled building model, the generalized force can then be estimated as

So.(5) ==, (p) 6)

772(]0) _ fOH f({{ @x(zl)gx('zQ)SPIz (’217 22, f)d21d22 (7)

’ ot J3 21/ H) (22/ H)Sp,, (21, 22, f)dz1dzs
wheren?( f) = the mode shape correction factor which has to be estimated by using an empirical formulation
(e.q., Vickery et al. 1985; Boggs and Peterka 1989; Xu and Kwok 1993; Zhou et al. 2002; Holmes et

al. 2003; Chen and Kareem 2004). Accordingly, the resonant response is estimated by Eq. (3), and tt
background response can be expressed in terms of the measured base bending moment as

I m(2)0u(2) s (2)dz o,
ST m(2)0.(2)(z/H)dz H

(8)

O-R:cb
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wheres ), = RMS base bending moment.

It is worth mentioning that while the above formulation is based on the modal analysis involving only the
fundamental mode, as the measured base bending moment involves all mode contributions, the contributic
of higher modes are consequently considered in the predicted background response, but with an assumpiti
that the response contribution of higher modes is identical for all response components. However, bendin
moments at higher elevations and shear forces at all elevations are generally more affected by higher mode
In particular, if the first mode was linear, the higher modes would provide no contributions to the base
bending moment but other response components. Therefore, amplification of response relative to the valt
computed from Eq. (8) may be introduced for improved response prediction. Similar consideration has
been made in building codes for seismic design including International Building Code (IBC) 2000 (e.g.,
Chopra 2000), in which the response prediction was based on the base shear force and an reduction fac
was introduced for predicted bending moment.

Formulations of the response in the other two directions can be accordingly developed. For building
response in torsiony(t), the background and resonant components are expressed in terms of the base
torqueM,(t) as

— IS [(Z)@O(Z)Me(z)dza o

Ry f()H[(Z)@Q(Z)dZ My

—J) ml(2)O6(2)pe(2)dz i
Ro, = I 1(2)02(2)d> 16(fo) 4£9feSQ9(f9) (10)
773(f> _ f()H f({{ @9<Zl)@9(ZQ)SP99 (21,227 f)d21d22 (11)

foH foH SPGe (217 22, f)d2’1d22

where 14(z) = influence function indicating the respong® under unit load acting at the elevatian

in torsion; I(z) = polar moment per unit heigh®,(z) = fundamental mode shape in torsiofy; and

& = fundamental frequency and damping ratio (including aerodynamic damping) in torsion, respectively;
S, (f) andoy, =PSD and RMS value a¥/y(t); andSp,, (21, 22, f) = XPSD between the dynamic torque

per unit height at elevation, i.e., Py(z,t), and at elevation,, i.e., Py(za,1).

PEAK RESPONSE TO COMBINED LOADING
Consider a responde(t) that is influenced by the actions of loadings in three primary directions
R(t) = R,(t) + R, (t) + Ry(t) (12)

whereR; (s = z,y,0) = response component associate with loading irsttieection.
The RMS background response Bft) is given by the combination of its components using the com-
plete quadratic combination (CQC) rule:

O-Rb = Z Z 0R5150R82bTR5152b (13)

Slzl’,y79 SZZIyyve

whereor, , = RMS background response due to wind loading in ¢helirection; v, ., = correlation
coefficient between the background responses,pft) and R, (¢), and is defined as

H rH
Mo = [, (s (22) B (o1, )1 (0m, y0m,) (14)

It is noted that when the background response in each primary direction is approximated by the respec
tive contribution of the corresponding fundamental modeg,  , becomes independent of response and is
identical to the correlation coefficient of generalized foregs|t) andQs, (t):

H rH
Mo =Ty = |, [ O (21)00a(2) R, (21, 2)d5d2/ (00, 70,,) (15)
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whereog, (s = z,y,60) = RMS value ofQ,(¢). Furthermore, when the background response is directly
evaluated based on the base bending moment or torque in Eq. (8) o#;(9), is then identical to the
correlation coefficient of the base bending moments and torfqug/) and M, (¢).

Similarly, the resonant responseBft) is given by

UR'V' = Z Z gRslv' O-ng'r' r5152r (16)

S1 :I7y79 82:x7y79

wherer,, 5, = ;i = the correlation coefficient of thgh andkth resonant modal response components that
correspond to the fundamental modesirands, directions, which can be approximated by the following
closed-form expressions (Der Kiureghian 1980; Chen and Kareem 2005a and b):

Tikr = QjkrPjkr (17)

ajrr = Rel[Sq, (F1/\/Se; (F)Sau(F)l=1, or 1 (18)

o 8 5j§k(ﬁjk€j+€k)ﬁ%2
Pk = (U= 322 + 46,68 (1 + B2,) + 4(E + )55,

whereg;, = f;/fe With 0 < pjr, < 1, pjjr = peer = 1L @ndpjp,. = prjr < 1 whenf;, and f;, are well
separatedsg,, (f) = XPSD between the generalized fore@g(t) andQ;(t). It is worth mentioning that

the parametet;;, represents the partially correlated feature of the generalized farges and Qx(t).

In general,|«;;,| < 1, in the case of building response under partially correlated multiple inputs of wind
loading. Consideration of this parameter for correct use of the CQC rule is critical. Unfortunately, it
has neither been completely recognized in the literature concerning the analysis of wind load effects ol
buildings and structures nor it has been implemented in current wind tunnel practice (e.g., Xie et al. 2003)
It is also noted that the correlation coefficients among background response components in three primai
directions are generally different from those among the resonant response components.

(19)

EQUIVALENT STATIC WIND LOADING FOR RESPONSE IN PRIMARY DIRECTIONS

For a given peak response, a variety of ESWL distributions may be defined based on different con-
siderations. The load distribution is not necessary unique simply because that different load distribution:
can result in identical building response. The challenge of equivalent loading representation for a giver
building is to develop load distributions that are physically meaningful, and are insensitive to individual re-
sponse. Consequently, the number of loading distributions for a variety of important response component
of consideration can be limited.

The "gust loading factor” (GLF), or "gust response factor” (GRF) approach (Davenport 1967) has been
used in most major building codes and standards around the world. In this scheme, the equivalent win
loading used for design is equal to the mean wind load multiplied by a GRF, often for the building top
displacement. The GRF is defined as the ratio of peak dynamic response to it mean value. Although th
traditional GRF method is simple to use in the building design process, the GRF may widely vary for
different response components of a structure and may have significantly different values for structures witl
similar geometric configuration and associated wind load characteristics but different structural systems
As illustrated in Chen and Kareem (2004), among others, for alongwind response of buildings, the GRF:
for the top displacement and base bending moment are almost the same which are generally larger than tt
for the base shear force. The GRF for building response at higher elevation generally is markedly large
than that for the top displacement or base bending moment. Therefore, the equivalent loading given b
the mean load multiplied by the GRF for the top displacement or base bending moment generally lead
to underestimation of building response at higher elevations. Furthermore, for the crosswind and torsione
responses, which are typically characterized by low values of mean wind loading and associated respons
particularly, in the cases of symmetric buildings, although similar GRF concepts may be invoked (Kareem
and Zhou 2003), the corresponding GRFs may not have the same physical meaning as the traditional GF
for the alongwind response.



Similar to the GRF approach, the dynamic response factor (DRF) approach has been adopted in son
building codes (Holmes 2002a). The DRF has been defined as the ratio of peak dynamic response (inclu
ing the mean, background, and resonant components) to the response caused by the peak dynamic Ic
that includes the mean and the background load effects but excludes any reduction due to loss of spati
correlation of wind loading. The DRF for responRg is expressed as

Re+/g20%,, + 920},
Rz’ + gbo-;{zb

OR., = /OH pz(2)\/Rp,(2)dz = og,,/B. (21)

B \/foH 3" 1z (21) po (22) Rip,, (21, 20)dz1d 2
’ JoT t12(21) R, (2)dz
whereRp, (z) = Rp,, (2, 2z); B, = background factor representing the reduction effect with respect to the

responser, due to loss of spatial correlation of wind loading.
The relationship between the DRF and GRF can be expressed as

1+,/Gk,, +Gj
_ Ry T (23)

D —
R 1+ Gg,/B.

Dpg, =

&

(20)

(22)

whereGr,, = g,0r,,/R, andGr,. = g,0r,, /R, = background and resonant GRFs, respectively.

The DRF approach leads to an ESWL description which is similar to the peak dynamic pressure/wind
load (including the mean load) but scaled by the DRF:

Fur. = Dr (Pul2) + Fi(2)) @4
whereF}, (z) = g,Rp, (=) = gust loading envelope.

Separation of the ESWLs into background and resonant components provides a physically more mear
ingful description of loading (Davenport 1985; Kasperski 1992; Holmes et al. 2000; Zhou and Kareem
2000; Chen and Kareem 2001 and 2004; Kareem and Zhou 2003). It is straightforward to express th
resonant ESWL (RESWL) as the modal inertial load, which depends on the mass distribution and modé
shape:

g-m(2)0,(2) 7r
Feur(2) foH m(2)02(2)dz A€, J25q., (fz) (25)

The advantage of this load description over the traditional GRF approach is that it leads to a universa
load distribution for all response components. Within the traditional GRF approach, different GRFs and as
sociated loads have to be assigned for accurate predictions of distinct response components. This advant:
is attributed to the presumption that the resonant response is only contributed by the fundamental mode ar
the higher mode contributions are negligible.

Compared to the straightforwardness of RESWL, modeling of background ESWL (BESWL) is rela-
tively complex which is attributed to the nature of partially correlated multiple inputs of wind loading.
Under the action of dynamic loading, different background response components generally reach thei
peaks at different time instants. When the BESWL for a given peak background response is directly derive:
from the conditional sampling and subsequent ensemble average of dynamic pressures over the buildir
surface at the instant when the desired peak load effect occurs, the load distribution varies with individua
response of consideration (e.g., Tamura et al. 2003a). The ensemble averages of this conditional samplil
of dynamic pressures is very close to the load distribution provided by using the load-response-correlatiol
(LRC) approach (Kisperski 1992), which results in a most probable load distribution for a given peak re-
sponse. According to the LRC approach, the BESWLAQ,,... = g»0r,, Can be expressed as

Fo(2) = 2 [7 (o) B (22 ) (26)

OR,, Y0
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Its efficacy can be readily illustrated as

H
9y = [ 122 Fon (2)d2 @7)

As this load distribution depends on the influence function of response under consideration, each re
sponse component corresponds to a distinct spatial load distribution. This feature may limit its potentia
application to design standards or practice. To eliminate the dependence of load distribution on individua
response, an approximate modeling of BESWL has been suggested in Holmes (1996). This scheme pr
vided an identical load distribution for any building response at the same building elevation, but the respons
components at different elevations have distinct load distributions. In light of this scheme, the BESWL for
building response at elevatiag may be defined as that for the shear force. The influence function of the
shear force is given gs,(z) = 1 whenz > z, andpu,(z) = 0 whenz < z,. Accordingly, the BESWL can
be approximated as

9o fz{f Rp,,(2,21)dx
\/leg lej Rp,, <Z1, ZQ)dzleQ

The LRC-based BESWL can be further expressed in terms of the loading modes derived from the
proper orthogonal decomposition (POD) of the loading correlation function. Akin to the modal analysis
in structural dynamics, the POD loading modes serve as intrinsic functions for characterizing the spatia
variations of dynamic loading and associated equivalent load distribution (e.g., Chen and Kareen 2005c
Thejth loading modep; (z) with an eigenvalue\; is defined by the following eigenvalue problem:

Febx(z) =

(28)

/OH ®;(21)Rp,, (2, 21)dz1 = A ®;(2) (29)

/OH O;(2)®;(2)dz = 6;; (i, =1,2,... (30)

whered;; = Kronecker delta.
By expressing the load correlation function in terms of loading modes, the background response an
associated equivalent loading based on the LRC approach can be expressed as

Rp,, (21, 22) Z)\ Di(21)Pj(22);  OR, = /Z )\jcjz (31)
J

H
Fona(®) = 9 X)) (S0 6= [ nel0(2)dz (32)

wherec; = building responsé?, under the action of load distributiob;(z). Clearly, the contribution of
each loading mode depends on individual response. When only the first loading mode with the largest eiger
value is considered, the equivalent loading can be reduced to the first loading mode, which is independel
of response under consideration:

For,(2) = goy/ M ®i (33)

A universal load distribution for all background response components has been suggested in Katsumui
et al. (2004) with application to a large span cantilever roof. According to this scheme, the BESWL for any
peak background response is expressed as a linear combinations of theltesting modes with larger
eigenvalues:

exb Z a] (34)
where the combination factors (j = 1,2, ..., N) are determined based on thé peak response compo-

nents of interests (whet® >> N) in a least square sense to ensure the response components of interest:
under this universal loading distribution are close to their actual values. It is noted that a universal loac
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distribution for any response component (including both background and resonant components) was als
suggested by Repetto and Solari (2004), in which a polynomial expansion was utilized for describing the
load distribution over the building height.
Chen and Kareem (2004) has proposed the gust loading envelope (GLE) approach for modeling th
BESWL:
Fer,(2) = B.Fg,(2) = B.gy\/ Rp,(2) (35)

e

This approach results in a load distribution similar to the gust loading envelope but scaled by a back-
ground factor. The background factor depends on individual response. For a global response, the bac
ground factor is much less than unity, while for a local response, it is close to unity. The background
factor is potentially insensitive to the individual response thus simplification of equivalent loading may be

achieved. Itis obvious that when the wind loads are fully correlated i€, (21, z2) = \/Rpx (21)Rp,(22),
B. reduces to unity and the BESWLs based on the LRC and GLE approaches converge to the gust loadir
envelope.

Once the RESWL and the BESWL have been determined, the corresponding peak resonant and bac
ground response components are calculated following a static analysis procedure. These are then combir
for the total peak response (excluding the mean component) using the square root of the sum of squar:
(SRSS) approach. It is important to note that the ESWL for the total peak response cannot be determine
by directly combining the background and resonant loading components using the SRSS approach. Hov
ever, the following linear combination scheme offers an alternative (Boggs and Peterka 1989; Chen an
Kareem 2001 and 2004; Holmes 2002):

Fep,(2) = (gbUszFe/sz (2) + gTURMFem(Z))/\/gZU%w + Q?UI%@T (36)

When both the background and resonant response components are approximated by the fundamen
mode response, the ESWL for any total peak response becomes identical to the modal inertial loadin
involving contributions of both background and resonant response components. It can be expressed
distributing the base bending moment response over the building height as

T T n(2)0,(2)(z/H)d= H i6

Fex(z) m(’Z)@x(Z) oM, \J gg + g?kg 47;: fxs(jéj[(fx) (37)

L Jo m(2)0:(2)(2/H)
' Jy' m(2)02(2)d>
wherek, = modified mode shape correction factor.
Whenm(z) = my and©,(z) = (z/H)?, then

2 (f2) (38)

_ 4 ﬂO-M:c 2 2(26 + 1)2 2 ifmskh(fm)
FGJU(Z) - (ﬁ + 2) (H) H2 \lgb +gr (6 + 2)2 7735<fm)4£x 0_%405 (39)

Based on this framework, the formulations of the equivalent loading associated with building response ir
the other two directions is immediate. For building response, when both background and resonant respon:
components are approximated by the corresponding fundamental response in torsion, the equivalent loadi
in terms of torque per unit height can be expressed by distributing the base torque response over the buildir
height as

_1(2)8(2) | 5 e T foS(fo)
KB ETE MQJW“”“’“M&@ 7 “
J1(2)04(2)dz
ko = 41
0= A I(Z)@z(z)dzﬁe(fa) (41)
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Whenl(z) = I, and©,(z) = (z/H)”, then

Fao(z)=(0+ 1)(2>%M"¢g§ + ,(26+1)% , (fe) T M (42)

H GNCESIE 18 o,

By further introducing the nondimensional bending moment coeffici€nts(t) = M, (t)/(qu BH?)
andC\y, (t) = M,(t)/(quDH?), and torque coefficienty;, (t) = My(t)/(¢quBDH) (Wheregy = wind
speed pressure at the building tdpand D = the representative width and depth of the building), the afore-
mentioned formulations can be readily used to develop equivalent static loading in each primary directior
on a variety of tall buildings for design applications. The force coefficients can be quantified using empir-
ical formulas developed based on extensive wind tunnel tests using HFFB measurements or synchrono
measurements of pressure over scaled building models, or directly estimated from aerodynamic loadin
database (Zhou et al. 2003).

EQUIVALENT LOADING FOR COMBINED WIND LOAD EFFECTS

Corresponding to Eq. (13), the 3-D equivalent static loading associated”yith. = g,or, can be
expressed in terms of the loadings in each primary direction as

FéRba( ) WisbFeRslb( ) WS1Rb = ( Z URSQbTRslsz>/URb (31 = x7y7‘9> (43)

so=x,y,0
Similarly, corresponding to Eq. (16), the 3-D equivalent static loading associatedwith = g0,
can be expressed in terms of the modal inertial loading in each primary direction as

Fe’RT-Sl( z) = Wy g Fesir(2); Wyr, = < Z URszrrswzr) [or, (s51=2,y,0) (44)

SQII,y,H

In fact, there are infinite combinations of peak equivalent loads in three primary directions for a given
peak wind load effect. However, the aforementioned combination scheme leads to a most probable loa
distribution. When the background loading in each primary direction is presented in terms of gust loading
envelope or approximated in terms of the modal inertial loading, or other universal loading, the equivalent
static loading for any response have similar spatial distribution but scaled by different weighting factors.
These weighting factors generally depend on individual response.

Consider a resonant response contributed by the modal responses in two primary transiaiahal
directions, e.g., the first two modes. In light of Eq. (44), the combination (weighting) factors become

1 + (0-Ryr/O-R:cr)T$yT
\/1 O-Ryr/o-Rz'r>2 + QTIyT(O—RyT/O—RI’I‘)

Wer, = (45)
Tzyr + (O-Ry'r /URzr)
\/1 + O-Ry'y /O-R;CT ) _I_ 2rﬂcyr (URy7 /ng7 )

For the case in whichg,, = og,, andr,,, = 0, itresults inWW,r_ = W,g, = 0.707, which corresponds
to the combination factor of 0.75 adopted in ASCE 7-02 standard and NBCC code.
Alternatively, the following combinations can be defined:

Wyr, =

(46)

WiilR)r = 17 yR - <\/1 O-RyT/O-Ra:r)2 + 2T33yT(O-Ryr/O-Ram"> - 1) (O-er/O-Ryr) (47)

W3, = (V1 @ fon, 2+ 2o, Jon,) =1 )(on, fon ) Wik =1 (48)
Whenog,, = og,,, Egs. (47) and (48) lead to

W =W =2+ 21, —1 (49)
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which corresponds to the combination rule that takes into account the modal correlation adopted in AlJ:

RLB-2004 (Asami 2000; Tamura et al. 2003b). By further setting = 0, it leads toWﬁ% = Wé}% A
40%, i.e., the 40; rule, which has been widely adopted in building codes for earthquake loadings.

These simplified combination rules eliminate the dependence of the weighting factors on the individual
response, and further on the modal correlation coefficient. Their performance can be investigated by con
paring their estimates with those according to the CQC rule for differgptandc,.,, = or,, /og,,. The
combination rule that takes into account the modal correlation leads to more conservative results than th
CQC rule, and offers a better performance than tHg 40d 75% rules, provided the modal correlation co-
efficient can be adequately estimated. Th&4Mhd 7%, rules result in very conservative estimates in some
cases but nonconservative in others. For example, whenr= —0.6 andc,,, = 1, or whenr,,, = 0.6 and
coyr = —1, the response ratios with respect to CQC rule are 1.57 and 1.68, respectively, fo/ttzmd0
75% rules, which means an overestimate of the response. On the other hand,yyherd.6 andc,,, = 1,
or whenr,,, = —0.6 andc,,, = —1, the response ratios are 0.78 and 0.84, respectively, which means
underestimation of the response. Further investigation on the combination factors for a variety of respons
components, which are important for building design, are needed in order to limit the number of equivalent
static loads for design applications.

CONCLUDING REMARKS

The prediction of wind loads and modeling of associated ESWLs were addressed for buildings with uncou:
pled mode shapes, based on the loading information obtained through either synchronous measurements
pressure over building model surfaces or HFFB measurements. Separation of wind load effects and ESWIL
into background and resonant components led to physically more meaningful modeling. The modal iner
tial load distribution significantly simplifies the equivalent static loading for resonant response. Various
approaches proposed in the literature for better modeling of background equivalent static loading were crit
ically evaluated. Some new insights were provided on the correct use of the CQC rule for predicting wind
load effects influenced by wind loads in different primary directions, and on their combinations. It is envis-
aged that the results presented in this study would aid in improved modeling of wind loading on buildings
for design applications.
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