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Assessment of the Main Wind Force Resisting System
Provisions of ASCE/SEI 7-22 for Rigid Buildings
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Abstract: In the provisions of ASCE/SEI 7-22, there are two philosophically different methods provided for the main wind force resisting
system (MWFRS) loads in Chapter 27 and 28. The objective of this paper is to compare these two chapters with the up-to-date experimental
observations, and to examine in detail how the differences arise for rigid buildings (i.e., neglecting flexibility/resonance effects). The study
focuses on two major aspects: (1) examining differences due to utilizing the nondimensional building geometry ratios, and (2) examining the
differences due to the theoretical gust effects models in Chapter 27. Wind tunnel data for 50 building shapes are employed. It is observed that
the use of nondimensional building shape parameters allows for more accurate modeling of the wind loads. This has some effects on Chapter
27 loads but is particularly important for Chapter 28 where the effects of differing building shapes are not accounted for. For Chapter 27,
although the mean coefficients are mostly reasonable, some of the peak loads are significantly different in magnitude when compared with the
experimental data, being mostly underestimated. This is primarily due to the fact that the theoretically-calculated gust effects do not capture
the actual measured turbulence effects. DOI: 10.1061/JSENDH.STENG-14984. This work is made available under the terms of the Creative

Commons Attribution 4.0 International license, https://creativecommons.org/licenses/by/4.0/.

Introduction

In the provisions of ASCE/SEI 7-22, there are two methods
provided for the main wind force resisting system (MWFRS) loads,
which are based on different philosophical approaches. The most
significant difference is that the procedure of Chapter 27 uses mean
load coefficients and determines the peak aerodynamic loads using
a theoretical model for the gust effects. This method, called the di-
rectional method, can be applied to buildings of all heights (i.e., all
heights below the maximum height limit). This approach enables
the inclusion of both the background (buffeting) response to wind
gusts as well as the resonant response to capture building flexibility
effects. It was originally developed for high-rise buildings for which
the resonant response governs (Davenport 1967; Solari 1993a, b;
Solari and Kareem 1998). In contrast, Chapter 28, called the en-
velope method, utilizes directly measured peak load effects con-
sidering structural influence functions. It is only applicable for
rigid low-rise structures. Low-rise buildings have not typically
been considered to have resonant responses, and the higher levels
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of turbulence and the non-Gaussian features of the wind loading
means that only the peak pressures are typically required for design.
However, it is important to note that these still represent equivalent
static wind loads (ESWL) even though any possible resonant ef-
fects are neglected.

Further to this, there is a significant difference in the approach to
the pressure coefficients. In Chapter 27, the pressure coefficients
are fixed for windward (Cp = +0.8) and side (Cp = —0.7) walls.
However, leeward walls depend on the length, L, to breadth, B,
ratios, where L and B depend on the wind direction as shown in
Fig. 1, and roofs depend on the height, £, to L ratios as well as the
roof shape (see Fig. 27.3-1 in ASCE/SEI 7-22). In contrast, in
Chapter 28 the pressure coefficients only depend on roof slope,
although it is noted that the roof slope does alter the windward wall
pressure coefficients. However, for a fixed roof slope, the pressure
coefficients are unchanging with building shape.

Thus, it is unsurprising that the wind loads in the two chapters
differ. The objective of this paper is to examine in detail how the
differences arise for the background (nonresonant) load effects and
compare these to experimental observations using a database of
about 50 building shapes. In particular, the study will focus on two
major aspects: (1) examining differences due to building shape via
nondimensional geometry ratios, and (2) examining the differences
due to the theoretical gust effect model used in Chapter 27. Only
the background response is considered herein; flexibility effects
and the gust effect factor model as applied to low-rise buildings
will be the subject of a future study.

Theoretical Gust Effects for Rigid Buildings

The provisions of ASCE 7-22 directional method are based on the
use of mean wind load coefficients combined with a gust effect
factor, G. This approach allows the straight-forward combination
of the background response, also called buffeting, with the resonant
response for flexible buildings, as discussed in the introduction.
The method originally emerged in the 1960s from the work of
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Fig. 1. Definition sketch of (a) building geometric parameters; and (b and c) building breadth, B, and length, L, as function of wind direction.

Davenport (1967). The measurement technology of the time al-
lowed for the measurement of mean force coefficients using base
balances, with the peak loads caused by wind gusts calculated from
theory. Much of the data for the mean pressure/load coefficients in
ASCE 7 came from Akins et al. (1977). Table 1 provides the geom-
etries of their models.

For ASCE 7-98 the theoretical model was updated, using the
gust effect factor model developed by Solari (1993a, b) and Solari
and Kareem (1998). The theory is reviewed as follows, focusing
only on the rigid buildings.

The peak pressure can be written as

P =P+ gpop (1)

where the * = peak value, the overbar a mean value; P = pressure;
g = peak factor; o = standard deviation; and the subscript P also
signifies pressure. Without derivation, the gust effect factor, G, for a
rigid building is

Table 1. The Akins et al. (1977) wind tunnel building geometries

P Gy 1t9r%F 142¢,1,0

= = = 2
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G =

where Gp = gust response factor; G, = gust factor for the velocity;
1, = turbulence intensity, the subscript u represents the wind speed
in the direction of the wind; ¢, = dynamic wind pressure at height,
z; and Q = background response factor

(3)

The background response factor Q = ratio of the pressure
(or load) coefficient of variation (CoV) to the wind speed
(i.e., turbulence intensity).

Here, the focus is on Gp = 1 + 2gpl, O, since the method to
calculate G,, is well established (Holmes et al. 2014). Of importance
are the two parameters: the peak factor, gp, and the background
response factor, Q. Solari (1993a, b) and Solari and Kareem (1998)

Building index Width, w (m, model scale) Depth, d (m, model scale) Roof height, 4 (m, model scale) w/d h/w
A 0.127 0.127 0.254 1.00 2
B 0.127 0.127 0.508 1.00 4
C 0.254 0.254 0.254 1.00 1
D 0.032 0.064 0.254 0.50 8
E 0.064 0.127 0.254 0.50 4
F 0.127 0.254 0.254 0.50 2
G 0.127 0.254 0.508 0.50 4
H 0.254 0.508 0.254 0.50 1
J 0.032 0.127 0.254 0.25 8
K 0.064 0.254 0.254 0.25 4
L 0.127 0.508 0.254 0.25 2
M 0.127 0.508 0.508 0.25 4
N 0.254 1.016 0.254 0.25 1
ASCE 04025202-2 J. Struct. Eng.
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developed the theoretical solutions for Gp. The primary assump-

tions in the theoretical development are that:

* Quasi-steady theory (QST) can be used to estimate the gust
effects such that the pressure (or load) fluctuations, P’, are linearly
proportional to the velocity fluctuations, u’. The aerodynamic
admittance function is introduced to convert the velocity to a
load, accounting for the effects of small-scale turbulence, which
are assumed to be uncorrelated over the size of the body.

* Averaging time effects are relevant for the structural loading to
account for gust effects, which are accounted for by filtering the
wind velocity. The existing provisions had applied a 3-s filter to
account for 3-s gust durations (Solari and Kareem 1998).

e All of the stochastic variations are assumed to have Gaussian
distributions.

Then, based on QST, the instantaneous pressure can be ex-
pressed as

1 _
P =3p(i+u')*Cp (4)

where u’ = fluctuating wind speed (neglecting the lateral and
vertical fluctuations). Eq. (4) can be rewritten as

1 — 1 _
P= Ep(u2 +2uu’ + urr)Cp ~ zp(ﬁ2 +2uu')Cp  (5)

where the square of the fluctuating wind speed u'> is commonly
neglected, assuming the turbulence intensity is small. Hence, the
fluctuating pressure is described by

/

_ 1 _ r_
P/:pﬁu’Cp:2%(5pE2Cp> :Z%P (6)

where P’ = fluctuating pressure. Solari (1993a, b) developed the
gust effect factor model from the perspective of the frequency
domain. Writing Eq. (6) in terms of the power spectral density
yields

/°°sp<f>-df:4§/°°su(f>-df (7)
0 u-Jo

where Sp(f) and S, (f) are the pressure and wind speed spectra,
respectively. Hence,

$1() =45 5,(0) ®)

For large structures, the velocity fluctuations do not occur
simultaneously over all of the building surfaces and their correla-
tion over the whole area, A, must be considered. The aerodynamic
admittance function, x?(f), is introduced to allow for this effect. It
is noted that when pressure coefficient time histories are available
and integrated spatially over the building surfaces, the aerodynamic
admittance function arises naturally without need for filtering.

The Solari and Kareem (1998) model for the gust effect factor
includes a temporal filter function,

X(f.r) = % )

where 7 is the averaging time. Therefore, the pressure spectra can
be obtained by

Gp=1+ gPU:P” =1+ 2gp[u\//ooo¥>(2(f)x(f’7')df
(11)

It should be noted that the filter in Eq. (11) is for the pressure
loading, which is done separately from the filtering of the velocity
that is used to obtain G,. Comparisons of the wind tunnel data with
the model in ASCE 7, both with and without the filter, are made
as follows, noting that the envelope method of Chapter 28 has no
explicit temporal filtering of the load. (The filters used with the cur-
rent data analysis are discussed further in the section “Data Analysis”
and in Guo et al. 2025.)

Solari and Kareem (1998) adopted an aerodynamic admittance
function for overall loads as,

_ fC\B fC.H
con-dosfarfosiyt o
11 )
€{77}:7—7—2—nz(1—€2) (13)

where C, and C, = lateral and vertical exponential decay coef-
ficients in the coherence function, which are assumed to be 11.5
in their model; and %(h) = mean wind speed at the mean roof
height, h. The constants C, and C, were derived from the coher-
ence of wind speed measurements where the coherence of pressures
is assumed to be proportional to the coherence of the fluctuating
wind speed.

Since ASCE 7-02, the value of the gust effect factor, G = 0.85
has been permitted without calculation for rigid buildings in all ter-
rains, although an adjustment factor of 0.925 was used to match this
to existing loads of the time. In other words, the value of G = 0.85
was obtained by reducing the value from the theoretical calculation.

Methodology

Data Sources

Two sets of wind tunnel data are used herein. The first set is for
rectangular plan building models with flat roofs for mid and
high-rise structures from Wang and Kopp (2020a, b). The data
set contains 24 building models with plan ratios, d/w, varying from
1 to 4, and height ratios, i/w, varying from 1 to 8, as shown in
Table 2 with d and w being the depth and width (least horizontal
dimension), respectively, as shown in Fig. 1. The second set is the
Western University’s contribution to the National Institute of
Standard and Technology (NIST) database for low-rise structures
as described in Ho et al. (2005). In total, 26 building models with
low-sloped roofs are employed for the current study, with details
shown in Table 3. Details of the wind tunnel tests for both studies
can be found in Ho et al. (2005) and Wang and Kopp (2020a, b) and
are not repeated here for brevity.

Data Analysis

Selected peak ESWL coefficients [which we will refer to as aero-
dynamic coefficients, [GCp] or (G)(Cp), following the Chapter 28
nomenclature since we are only considering the response caused by
nonresonant gust effects] are calculated from the experimental data

P? ) and compared to the results provided in Chapters 27 and 28 of

Sp(f) = 4¥Su (XX (f.7) (10) ASCE 7-22. The loads examined in this study are the base shear

and the uplift for all buildings and end bay uplift and end bay hori-

Thus, zontal thrust of low-rise-shaped (2/w < 1) buildings. For each
ASCE 04025202-3 J. Struct. Eng.
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Table 2. The Wang and Kopp (2020b) wind tunnel geometries
Building No. Width, w (m) Depth, d (m) Height, » (m) w/d h/w

1 12 48 12 0.25 0.25
2 12 36 12 0.33 0.33
3 12 30 12 04 04
4 12 24 12 05 05
5 12 18 12 0.67 0.67
6 12 12 12 1.0 1.0
7 12 48 24 025 05
8 12 36 24 0.33 0.67
9 12 30 24 04 0.8
10 12 24 24 05 1.0
11 12 18 24 0.67 1.33
12 12 12 24 1.0 20
13 6 24 24 025 1.0
14 6 18 24 0.33 1.33
15 6 15 24 04 1.6
16 6 12 24 05 20
17 6 9 24 0.67 2.67
18 6 6 24 1.0 4.0
19 6 24 48 025 20
20 6 18 48 0.33 2.67
21 6 15 48 04 32
22 6 12 48 05 40
23 6 9 48 0.67 5.33
24 6 6 48 1.0 8.0

building model, the time series of the aerodynamic loads are inte-
grated from the pressure data measured in wind tunnel tests.

A moving-average frequency filter is applied to each time series
to approximate the mechanical admittance effects on the response
to the turbulent gust loading (Guo et al. 2024, 2025). The current
analysis applies moving-average filters to the pressure data with
1/3 s for h/w <2 and 1 s for h/w > 4, based on discussion with
the advisory group for this project (Guo et al. 2025). This concept
requires some further explanation since it is both new and related to
(1) the difference in philosophical approaches for the directional
and envelope methods, as well as (2) the nature of the data and
theory used in the development of these methods.

It worth emphasizing that the load coefficients given by the
building codes are fundamentally based on the concept of ESWL.
In other words, these are not raw area-averaged aerodynamic co-
efficients. Chapters 27 and 28 of ASCE 7 address this concept
through distinct frameworks. In Chapter 27, the theoretical solution

Table 3. The Ho et al. (2005) wind tunnel building geometries

of Solari (1993a, b) is adopted, in which the resonant component of
the structural response is derived by integrating the mechanical ad-
mittance function (MAF) over a narrow band around the fundamen-
tal frequency, and combined with a background component, which
is derived via the aerodynamic admittance functions (AAF) and
quasi-steady theory. Chapter 28, in contrast, adopts an empirical
approach by using directly measured peak loads from wind tunnel
experiments, under assumption that the building structure is per-
fectly rigid with the MAF of unity across all frequencies. In the
proposed unified method, these approaches are synthesized: the
measured peaks are used to obtain the background component
of the pressure coefficient. This captures the effects of the body-
generated turbulence, while allowing the theoretical framework
for the resonant component to be retained. With this formulation,
one remaining issue is that the effects of mechanical admittance
functions at higher frequencies are not considered. Since the MAFs
typically exhibit decaying values at higher frequency, neglecting
it leads to overestimation of the fluctuating and peak reactions,
impacting the statistics significantly. In the theoretical solution of
Chapter 27, this issue is not addressed directly, but is accounted
for by attenuation of the high-frequency energy, resulting from
the filters applied to the velocity spectra and the decaying vale of
the aerodynamic admittance functions at the higher frequencies.
In Chapter 28, this issue is ignored under the perfectly rigid as-
sumption. However, such an assumption is not realistic even for
low-rise structures, for which the dynamic effects may also be sig-
nificant (see Wang et al. 2024). Thus, the use of the temporal filter
in the current work represents a compromise between the two meth-
ods, which we interpret as representing the mechanical admittance
effects. -

The peak aerodynamic load coefficients, Cp, corresponding to a
57% probability of nonexceedance in 1 h (3,600 s) full-scale, are
then obtained using the Lieblein BLUE method (Lieblein 1974).
The peak loads in pressure coefficient form are converted to [GCp]
considering the 3-s gust speed,

o~

__Cp
6Pl = Ty g ()

where g, and /,, = peak factor and turbulence intensity of the refer-
ence velocity, respectively. Further details of the calculation can be
found in Guo et al. (2024) and Acosta et al. (2024).

To examine the differences arising in the peak coefficients, the
mean pressure coefficients in the current data set are first examined

Roof slope Width, Depth, Eave height, Roof slope Width, Depth, Eave height,
Building No. (tangent) w (m) d (m) h, (m) Building No. (tangent) w (m) d (m) h, (m)
1 12/12 24.38 38.1 12.19 14 12/12 48.77 76.2 12.19
2 9.75 15 7.32
3 7.32 16 5.49
4 4.88 17 3.66
5 0.25/12 24.38 38.1 12.19 18 12/12 36.58 57.15 12.19
6 9.75 19 7.32
7 7.32 20 5.49
8 5.49 21 4.88
9 3.66 22 3.66
10 12/12 12.19 19.05 12.19 23 0.5/12 15.24 30.48 4.88
11 7.32 24 3.66
12 5.49 25 0.5/12 15.24 53.34 4.88
13 3.66 26 3.66
ASCE 04025202-4 J. Struct. Eng.
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and compared to those in ASCE 7-22 Fig. 27.3-1. Second, to
examine the differences between the measured and theoretical values
of G, the following are investigated: (1) aerodynamic admittance
functions, to understand how these affect the background response
factor, Q, (2) the effect of filtering on the peaks, and (3) the statistical
distributions, to understand how these affect the peak factors.

The peak factor, g, the gust effect factor, G, as well as the skew-
ness and kurtosis, are used to study the statistical distributions of
the aerodynamic loads. The first two parameters are calculated
from

:@ (15)
O'Cp
Cp

G=2L (16)
Cp

where Cp and o, = mean and standard deviation of the load
coefficient time series, respectively.

Results and Discussion

Examination of Role of Building Shape and
Nondimensional Geometric Parameters

Fig. 27 3-1 of ASCE 7-22 provides the basic pressure coefficients
for buildings of all heights with the directional method. As noted
previously, in this figure, the windward wall and side wall both
have constant pressure coefficients (although they have different
reference dynamic pressures). In other words, these building surfaces
are assumed not to have a dependence on the building geometry.
However, the leeward wall has a dependence on L /B while the roof
depends on i/ L and the roof slope, §. While the leeward wall has a
uniform pressure distribution, the roof has zones, the size of which
depend on /L.

Fig. 28 3-1 of ASCE 7-22 provides the pressure coefficients
for low-rise buildings with the envelope method. These pressure
distributions are more complex, with distinct pressure zones on all
surfaces. However, aside from some functional dependence on the
zone sizes and roof slope, the pressure coefficients do not depend
on the basic building dimensions: /, w, and d. Thus, an inherent
assumption is that all low-rise buildings (with a fixed roof slope)
have the same wind load coefficients and that the design loads only
vary with the dynamic wind pressure, i.e., the basic wind speed,
building height, and the terrain category. This contrasts with the
directional method, where the along-wind base shears (and over-
turning moments) and roof uplift both depend on the building
shape and size.

Wang and Kopp (2020a, b) examining the same two data sets as
the current paper determined the geometric parameters that control
the wind loads for each building surface. Table 4 summarizes their
findings, providing the primary controlling factor for the building
surface loads. For example, windward walls are controlled by the
wall aspect ratio, i1/ B, for buildings with 4/w < 4, while for build-
ings with 2/w > 4, the load coefficient is basically constant.

Fig. 2 depicts the variations of uplift, wall-averaged pressure
coefficients, and base shear for low-rise buildings (2/w < 1) with
low-sloped roofs, based on the parameters determined by Wang and
Kopp (2020a). Fig. 3 shows the same for mid- and high-rise build-
ings (h/w > 1), based on Wang and Kopp (2020b). Gust pressure
coefficients, [GCp], from the experimental data can be compared
with the values arising from ASCE-22 Chapters 27 and 28, which
are discussed as follows.

ASCE 04025202-5

Table 4. Geometric parameters that control the wind loads for building
surfaces

Critical parameter

Roofs, leeward and

Building types sidewalls Windward walls
Low-rise (h/w <1) h/L h/B
Mid-rise L/B and h/w h/B
High-rise (h/w > 4) L/B h/B > 4 ~ constant

Sources: Data from Wang and Kopp (2020a, b).

Chapter 28 Pressure Distributions

As discussed above, the Chapter 28 pressure coefficients are not a
function of the basic geometric parameters of the buildings, 4, d,
and w. However, Fig. 2 provides the experimental results indicating
the strong dependence on these parameters for low-rise building
wind loads. The results using Fig. 28.3-1 of ASCE 7-22 are in-
cluded, which are approximately constant and fail to capture the
trends of the experimental data.

Considering Load Case 1 in Fig. 28.3-1, there are four pressure
zones on a building roof. These zones do not capture the variation
of pressure for low-slope roofs, which have maximum suctions near
windward edges with decreasing magnitude as a function of dis-
tance from the edge, as depicted by Wang and Kopp (2020a). For
Load Case 2, there are two pressure zones near the gable end; how-
ever, these zone sizes (controlled by the parameter, a, defined as the
smallest between the 10% of building least horizontal dimension
and 40% of the building height) do not vary in the way that the
actual aerodynamics show. Morrison and Kopp (2018) provide a de-
tailed examination of the variation of pressure zones for component
and cladding loads, which indicate that it should be a function of
building height, and also should apply to the variation of MWFRS
loads. As a result, the roof uplift estimated by Chapter 28 is con-
servative for h/L < ~0.5, while it is unconservative (low) for
h/L > ~0.5. For base shear, the Chapter 28 results are adequate
for h/B < ~0.2 but are unconservative (low) for 4/B > ~0.2. In
fact, the base shears in Chapter 28 are only about 65% of the mea-
sured values for i/B > ~0.5.

St. Pierre et al. (2005) also examined the NIST aerodynamic
database (Ho et al. 2005), using the same influence function ap-
proach as Stathopoulos (1979). While these authors used slightly
different statistical analyses of peak loads (i.e., probability levels
and filtering), their results show similar trends indicating issues
with the pressure distributions in the existing provisions. Readers
are referred to this work to see detailed comparisons for bay and
frame loads.

Chapter 27 Pressure Distributions

As discussed above, Chapter 27 has some pressure coefficients with
dependence on nondimensional building parameters, while others
do not. Figs. 2 and 3 compare these with the experimental data
using a gust effect factor for rigid buildings, G = 0.85.

For roof uplift, Fig. 2(a) indicates that Chapter 27 captures the
variation of the loads accurately with the linear dependence on /L
for low-rise buildings. The distribution of pressures is not exact
though, since the magnitude of the slope of the (G)(Cp) versus
h/L curve is slightly unconservative. Fig. 3(a) indicates that the
trends are also reasonable for mid- and high-rise buildings, although
not as good for low-rise buildings. This is not surprising since the
best parameter to capture the trend of the uplift for mid- and high-rise
buildings is L/B (Wang and Kopp 2020a, b), while the parameter
used in Chapter 27 is still 2/ L. The uplift tends to be underestimated
for approximately 0.3 < L/B < 1.

J. Struct. Eng.
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Fig. 2. Plots of peak load and area-averaged pressure coefficients as a function of nondimensional parameters for low-rise buildings with low-slope
roofs: (a) roof uplift coefficient, [GC,], as function of i/L; (b) area-averaged side wall pressure coefficient as function of 4/L; (c) area-averaged
windward wall pressure coefficient as a function of /B; (d) area-averaged leeward wall pressure coefficient as a function of #/L; and (e) base shear

coefficient, [GCy], as function of //B.
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Fig. 3. Plots of peak load and area-averaged pressures coefficients as a function of nondimensional parameters for mid and high-rise buildings with
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Fig. 7. (a) Peak factors; (b) gust effect factors; (c) skewness; and (d) kurtosis of roof uplift for low-rise buildings (NIST database) in open terrain for
the critical wind direction. The building geometries for the building numbers are provided in Table 3.

For sidewalls, which have a constant value, the Chapter 27
provisions do not follow the trends at all, as shown in Figs. 2(b)
and 3(b). As discussed above, the sidewalls tend to be like the roof,
having large regions of separated flow near leading edges. As a
result, the sidewall pressures for many buildings will be too low,
especially for larger values of 4/L > ~0.5 and B/L > ~0.5.

For the windward wall pressures, the experimental data appear
to be strongly dependent on //B for low-rise buildings [Fig. 3(c)],
as discussed in the section “Results and Discussion.” This depend-
ence is less significant for mid- and high-rise buildings, while some
variation can be observed versus h/w [Fig. 3(c)]. The Chapter 27
results are, however, nearly constant, with only some slight variation
due to g, and does not follow the trends of the experimental data.

For the leeward wall pressures, the results provided by Chapter
27 are based on L/B, which captures the trend reasonably well for
the mid- and high-rise buildings, although it misses the variation
due to h/w and underestimates the magnitude of the pressure
coefficients [Fig. 3(d)]. For the low-rise buildings, the experimental
data have dependence on the ratio of &/L, which the Chapter 27
results fail to match.

ASCE 04025202-9

For base shears, which are the instantaneous combination of the
windward and leeward walls, the dependence on building geometry
is complicated since the windward and leeward walls are controlled
by different parameters. For low-rise buildings, the Chapter 27 pro-
visions do not follow the trends, although they tend to conservatively
(safely) envelope the experimental data, as can be seen in Fig. 2(e).
For mid- and high-rise buildings, as shown in Fig. 3(e), the Chapter
27 trend is correct although the base shears are underestimated by up
to 30%. This appears to be due to both windward and leeward wall
pressures being larger in the experimental data. Since the trends are
correct in Chapter 27, there are issues with the magnitude that need
to be examined, which is undertaken as follows.

Comparison of Measured and Theoretical Gust
Effect Factors

Mean Aerodynamic Loads
Figs. 4 and 5 depict the mean uplift and base shear coefficients,
respectively. For the roof uplift, the data in Fig. 4 indicate that
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Fig. 8. (a) Peak factors; (b) gust effect factors; (c) skewness; and (d) kurtosis of base shear in x-direction (parallel to ridge) for low-rise buildings
(NIST database) in open terrain for the critical wind direction. The building geometries for the building numbers are provided in Table 3.

the mean values in ASCE 7 adequately match the patterns of the
experimental data, with the ASCE 7 provisions having slightly
larger magnitudes. In contrast, the ASCE 7 mean base shear coef-
ficients are quite conservative (i.e., larger by about 100%) and do
not follow the pattern with /B for low-rise buildings [Fig. 5(a)].
Fig. 6 depicts the end bay uplift and end bay horizontal thrust for
low-rise buildings. These mean loads are well captured by the
existing Chapter 27 provisions. Thus, the overall pressure distribu-
tion is not particularly good since it significantly over-estimates the
overall mean loads but with reasonably accurate end bay/frame
loads. For midrise and high-rise buildings, the values of the mean
base shear are also larger than the experimental data (except for
h/w = 8, for which the match is excellent). However, ASCE 7 gen-
erally has the same load pattern, as shown in Fig. 5(b).

In summary, it is observed that mean load coefficients are
adequately modeled except for low-rise buildings where the overall
mean base shears tend to be over-estimated. Since the Chapter 27
provisions under-estimate the experimental loads for a range of
building geometries, although not all of them, these differences
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are attributed to gust (turbulence) effects that lead to gust effect
factors larger than the standard. We examine this in the next section.

Statistical Distributions, Peak Factors, and Effects of
Filtering

Figs. 7-9 provide details for on the statistical distributions for roof
uplift and base shear for low-rise buildings and for overturning
moments for midrise and high-rise buildings. For the low-rise
buildings, the peak factors [Figs. 7(a) and 8(a)] indicate values sig-
nificantly larger than the Gaussian values used for the development
of ASCE 7, i.e., gp = 3.4. While temporal filtering significantly
reduces the peak factors, for the low-rise buildings, the reduction
typically changes the peak factor from between 5-7 to between
4.5-5.5 for the 1/3 s (3 Hz) filter. Figs. 7(c and d) and 8(c and d)
of the skewness and kurtosis, respectively, indicate significant non-
Gaussian distributions for these low-rise buildings. Focusing on the
1/3 s (3 Hz) filter results, the gust effect factors for the uplift and
base shear are in the range of 1.1 to 1.3, significantly above the
theoretical values. In contrast, for the 3 s (1/3 Hz) filter (used in
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Fig. 9. (a) Peak factors; (b) gust effect factors; (c) skewness; and (d) kurtosis of overturning moments in x-direction midrise and high-rise buildings in
open terrain for the critical wind direction. The building geometries for the building numbers are provided in Table 2.

the development of the current ASCE values) have G in the range
of 1.0-1.1, also greater than the theoretical value of 0.925. Building
size effects can be observed for the gust effect factors. For example,
for the uplift coefficient, the values of G with 1/3 s (3 Hz) filter
generally range between 1.1 and 1.3 for buildings with plan dimen-
sions of 12.19 m x 19.05 m [building number 10-13 in Fig. 7(b)],
while for plan dimensions of 48.77 x 76.2 m (building number
14-17), these values drop to around 0.9. In general, the ASCE 7
underestimation of the gust effect is most significant for smaller
building models and less obvious for larger ones.

For the taller buildings, it is evident that high-rise building loads
are less skewed, leading to lower peak factors. However, the values
are such that they are still higher than those used in the develop-
ment of the ASCE 7 provisions. The gust effect factor is lower with
larger i/w values, dropping from about 1.2 for 2/w = 1 to 1.0-1.1
for h/w = 8 for the 1 s (1 Hz) filter, and about 1.0 for the 3 s
(1/3 Hz) filter. Thus, all observed gust effect factors are larger than
the theoretical ASCE 7 values. This can be attributed to non-
Gaussian behavior in the wind loads combined with the effect of
temporal filters.

ASCE 04025202-11

Aerodynamic Admittance Functions

Representative aerodynamic admittance functions are depicted
in Figs. 10 and 11. For high-rise buildings, i#/w > 4, Solari and
Kareem (1998) admittance function is a good representation of
the experimental data. However, for the low- and midrise data it
underestimates the results for 4/w <2 for reduced frequencies,
fV/BH /Wy sy, above 0.1. A portion of this effect is likely due to
the filtering, although for regions of separated flow, the active tur-
bulence region is above reduced frequencies of 0.1 (Morrison and
Kopp 2018). So, while the admittance does not play a role in alter-
ing the gust effect factors for high-rise buildings, it is of importance
for low- and midrise buildings.

Conclusions

In this paper, the differences in aerodynamic loading between the
existing provisions for MWFRS in ASCE 7 and a set of 50 build-
ings in wind tunnel databases are examined. The conclusions are
summarized as follows.
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The use of nondimensional building shape parameters allows for
more accurate modeling of the wind loads. This has some effects on
Chapter 27 loads but is particularly important for Chapter 28 where
differing building shapes are not accounted for. In the original
1970s studies that led to the envelope method, the data sets had
h/w ratios only in the range of 0.2 to 0.4. This has a significant
effect on base shears and roof uplift for buildings since wall aspect
ratios, h/B and h/L, have a significant effect on these loads.
Chapter 28 also has size-of-building issues since the pressure zones
do not scale with the size of the building in the way that the aero-
dynamics actually behave. This leads to loads on parts of buildings,
like frames and bays, which are unconservative, as previously
shown by St. Pierre et al. (2005).

The experimental data also have some significantly different
load magnitudes from those of Chapter 27 that cannot be accounted
for by building geometry parameters alone. Chapter 27 is based on
using mean wall-averaged pressure coefficients together with a
calculated (theoretical) gust effect factor. Assessment of the mean
coefficients indicates that they are mostly reasonable, although for
certain building configurations they can be rather conservative
(i.e., safe).

The primary issue with the Chapter 27 provisions is that the
theoretically-calculated gust effects do not capture the measured
turbulence effects. Detailed analysis indicates that the use of
quasi-steady theory is mostly reasonable such that the calculated
background response factor, Q, is reasonable. The primary issue
with the theoretical model is that the pressure and load variations
are non-Gaussian, which leads to peak factors and gust effect
factors that are substantially higher than the theoretical values that
were used in the development of the standard (i.e., g = 3.4;
G = 0.92), even before the gust effect factor was reduced further
to G = 0.85. It is observed that this non-Gaussianity is connected
to the building geometry and is, therefore, connected to the flow
patterns and building-generated vortex structures around all build-
ing surfaces. The arbitrary use of a 3-s moving average filter of the
background response has a large effect on non-Gaussian peak
values used in ASCE 7. All these features lead to gust effect factors
that should be much larger than the assumed value of G = 0.85 in
ASCE 7.
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