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Zhou and Kareem’s critical review of models used in the ASC
7-98 standard for mean wind speed, turbulence intensity, and g
speed profiles ‘‘suggests notable inconsistencies’’ among the d
nitions associated with those models. We point out in this discu
sion a further inconsistency that, in our opinion, is sufficient
serious to warrant a major change in future versions of the AS
7 standard. This inconsistency is due primarily to the assumpt
that the power law describes the entire atmospheric bound
layer, from the ground surface up to the ‘‘gradient height.’’

The gust speed profile is expressed in ASCE 7-98 by Eq.~7! as
follows:

V̂~z!5V̂0b̂~z/10!â

whereV̂05basic wind speed;z5height above ground in meters
and b̂ and â5constants depending upon terrain type. The bas
wind speed specified for nonhurricane regions in the ASCE 7-
standard is the 50-year peak gust speed at 10 m above groun
open terrain. It has exactly the same specified values—and th
fore the same definition—in ASCE 7-98. For open terrain~Cat-
egory C! b̂51, â51/9.5 ~Table 6-4, p. 58 of ASCE 7-98, and
Table 1 of the authors’ note!. For built-up terrain~Category B!
â51/7, andb̂ is obtained from the condition that the peak gu
speeds at ‘‘gradient height’’ for each of the respective assum
boundary layers be the same over open terrain and over built
terrain. The gradient height is specified in ASCE 7-98 as 274.3
~900 ft! for open terrain and 365.8 m~1,200 ft! for built-up ter-
rain. From Eq.~7! it follows that, for built-up terrain,b̂50.847
~see also Table 1 of the paper!. We note that the elevation of the
top of the boundary layer assumed in ASCE 7-98 is referred
improperly therein as the gradient height. Since the wind spee
are assumed to be ‘‘straight,’’ that is, unaffected by centrifug
forces to any significant degree, it would be more correct to re
to that elevation as the geostrophic height.

The condition that the peak gust speeds are equal at the
spective gradient heights is consistent with the definition tha
boundary layer is a layer above which the flow is for practic
purposes laminar, that is, turbulence-free.

The same condition requires that the mean hourly speeds
the same at the gradient heights of the assumed boundary la
over open terrain and built-up terrain. In this case, the govern
1564 / JOURNAL OF STRUCTURAL ENGINEERING © ASCE / NOVEMBE
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equation for the mean hourly speed at elevationz is ~original
paper!:

V̄~z!5V̄0b̄~z/10!ā (1)

In Eq. ~1!, V̄05mean hourly speed with a 50-year mean recu
rence interval at 10 m above ground over open terrain;ā
51/6.5 over open terrain; andā51/4 over built-up terrain
~ASCE 7-98, Table 6-4, p. 58 and Table 1, Zhou and Kareem!. At
the gradient height the turbulence intensity is for practical pu
poses nil. Therefore, the average wind speed is for practical p
poses independent of the averaging time. In particular, under
assumption that the wind storm has a constant mean speed o
an interval of 1 h or so—a common, if usually conservative as
sumption in wind engineering—at the gradient height the win
speed averaged over 3 s isequal to the wind speed averaged ove
1-h. We also note that the gradient height is the same for the
peak gust profile and the 1-h mean wind speed profile.

From Eqs.~7! and~1! we can estimate the ratio between the
s peak gust speed and the mean hourly wind speed at 10 m ab
ground in open terrain. Making use of the condition that the tw
speeds are equal at the gradient height, we have

V̂031.03S 900 ft30.3048 m/ft

10 m D 1/9.5

5V̄031.03S 900 ft30.3048 m/ft

10 m D 1/6.5

or

V̂0

V̄0
51.175

This is grossly inconsistent with Fig. C6-1 of the ASCE 7-9
commentary, in whichV̂0 /V̄0>1.52, rather than 1.175, and is of
course an aberrant result. That this is the case can in no way
attributed to Zhou and Kareem, but rather to the unnecess
constraint imposed on their work by the use of the power law
ASCE 7-98.

The authors state that the power law is ‘‘a more popular d
scription’’ of the wind speed profile. We would like to take issu
with this view. Meteorologists—the National Oceanic and Atmo
spheric Administration’s~NOAA! Hurricane Research Center me
teorologists are just one example among many—and knowled
able engineers now routinely use the logarithmic law. Also,
pointed out by Zhou and Kareem, both the Eurocode a
AS1170.2~Standards Australia 1989! use logarithmic expressions
to describe the wind profiles.

The power law as a description of the wind profile up to th
gradient height was proposed for use in a structural engineer
context about 40 years ago. At about that time it was stated t
‘‘The idea is attractive, but it suffers from a number of practica
disadvantages’’~Shellard 1965!. Among the disadvantages, Shel
lard noted the fact—of definite interest in engineering practice
that results based on that description ‘‘are not consistent w
actual measurements,’’ as shown by a detailed analysis of m
surements at Cardington, U.K.

In the 1960s and 1970s extensive studies of the atmosphe
R 2003
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boundary layer yielded remarkably useful results that clearly s
port the use of the logarithmic law and were brought to the att
tion of the structural engineering community—see, for examp
Simiu ~1973!, and Simiu and Scanlan~1996!.

It may be argued that no model of the atmospheric bound
layer is adequate for all possible situations with which a co
must contend, including situations where there is an inter
boundary layer near a change of roughness, or where topogra
effects come into play, or the terrain roughness is not homo
neous, or the stratification of the flow is not neutral. This is tr
But a canonical model for wind profiles is necessary for stand
conditions~i.e., at locations sufficiently far removed from roug
ness changes, in horizontal terrain, in terrain with homogene
roughness, and in sufficiently strong flows that neutral stratifi
tion occurs for practical purposes!. In the present state of the a
there is no doubt that the power law is an inferior model t
should be discarded in favor of the scientifically substantia
logarithmic law. For the strong winds of interest in structu
engineering, the logarithmic law can be shown to apply to su
ciently high elevations~up to hundreds of meters!. The discussers
heard the argument that the power law ‘‘is easier to use.’’ T
may have been an issue in the 1970s, but is no longer rele
today. Another argument is that engineers would be confused
the use of a logarithmic function, which again is not the ca
since in fact engineers are sufficiently knowledgeable; besi
the standard provides pressure tables that remove the need fo
less knowledgeable engineers to even use the function descr
the increase of wind speeds with height. Moreover, as we poin
out earlier, other building codes already use logarithmic laws

We therefore believe that the unacceptable contradictions
herent in the ASCE 7 use of the power law warrant a recon
eration of the latter’s use in future versions of the Standard.
authors deserve credit for pointing out in their fine work that su
contradictions exist, and for providing a dependable and s
framework for a fruitful discussion of wind speed profiles.
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The writers are thankful to the discussers for raising this issue
discussions like these may dispel any misconception that
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otherwise continue to exist and be a source of confusion to tho
not conversant with the background and history of developme
of codes and standards, or may help to bring useful changes. T
main objective of this technical note was primarily to suggest
revision of the wind profiles in ASCE 7 standard, i.e., turbulenc
intensity, since we noted that there was an inconsistency in o
initial development of the gust loading section for the standard

In the writers’ opinions, one of the most attractive features o
building codes and standards is the capturing of complex loadi
features and presenting these in a very simple and conveni
format for expedient use in design practice. In this regard, seve
years back, the senior writer was asked to provide a closed-fo
expression for the gust loading factor to reduce uncertainty in t
existing procedure involving use of a chain of busy figures ofte
requiring interpolations or extrapolations. The choice of velocit
profile at that time was made to remain consistent with the r
maining part of the standard and to facilitate convenient integr
tion with sufficient transparency since the velocity profile doe
appear in many integrals involving the gust loading factor. Th
writer collaborated with Prof. G. Solari from Italy who had earlie
developed closed-form expressions for the dynamic wind loadin
~Solari and Kareem 1998!. The most difficult task at that time was
to distill information and data concerning velocity profiles from a
host of sources and to provide the best fit to the data for applic
tion to the standard. A major source of difficulty was related t
switching of wind speeds, in the standard for the calculations
dynamic effects, from the gust wind to mean hourly wind. Despit
many constraints, the major effort was to ensure that the me
velocity profile and turbulence close to the ground were match
with the data.

The power law profile with a long history has earned its plac
in codes and standards for its simplicity and convenience. In t
earlier work by Davenport~1967! and that which followed, the
use of this profile was further reinforced based on measureme
in several locations. An examination of the data does point
variations in the boundary layer height or the gradient height du
to the very nature of full-scale measurements as well as the tra
sients in wind speed and direction that tend to contaminate o
erwise reliable information. Furthermore, the question of full
developed flows contribute to the scatter as different data s
may have been obtained at different levels of the flow develo
ment as opposed to being fully developed. The depth of a boun
ary layer among other factors depends on the latitude, the ref
ence wind speed, and the terrain roughness. These depths m
reach around 1–4 km in some cases. In the earlier work by Da
enport, the issue of relating gradient level winds in different ex
posures was resolved by choosing an approximate level, wh
facilitated the transfer of winds between different terrains~rough-
ness surfaces!. Although these numbers may vary in the literature
ASCE 7 currently implies values of 1,200, 900, and 700 ft fo
exposures B, C, and D, respectively. These are not necessarily
true gradient heights and therefore may not satisfy the textbo
definition of gradient height at which turbulence may vanish. Ye
these levels provide a convenient transfer level for establishi
equivalence in wind speeds in different terrains. Observation
data or profiles suggested in Engineering Science Data U
~ESDU! points out that at elevations, which have been remar
ably successful in performing wind speed transfers betwe
boundary layers for differing surface roughness, the turbulen
intensity is around 10%. The turbulence intensity may indee
vanish at the boundary layer height around 2–4 km.

Now, concerning the question of log law versus power law a
raised in the discussion specifically, the following response
L OF STRUCTURAL ENGINEERING © ASCE / NOVEMBER 2003 / 1565
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offered. The log law originally due to Prandtl for boundary lay
flows over flat plates, to describe the mean velocity profile, h
been found to be valid for most strong wind conditions in ful
developed flow conditions. This is primarily valid for the inne
boundary layer, which may range from 100–200 m. Extensions
higher elevations may be achieved by simply extending the
law, which may not represent the velocity profile accurately,
some other theory or model must be used to ‘‘patch’’ it to th
remainder of the profile in the boundary layer, e.g., ESDU mod
based on the initial work by Deaves and Harris~1978! as adopted
by the Australian Standard. The log law alone, as proposed in
discussion, is inadequate to cover the range of heights use
ASCE 7 based on the reported formulation in ESDU. Comparis
of ASCE 7 profiles with ESDU data suggest that the power la
used in ASCE 7 is a reasonable approximation of the ESDU p
files and preserves the simplicity of profile description that h
torically has been a part of ASCE 7.

It is also important to note that though the log law has a fir
theoretical basis for fully developed flows in the inner bounda
layer, it does not necessarily represent a 3-s gust profile, whic
the basic wind speed used in ASCE 7.

In the discussion, it has been shown that ratio of 3-s wind g
to mean hourly wind at reference height leads to an aberr
result. This observation is based on trying to approach the re
ence level from the equivalence of a 3-s gust and the mean ho
winds at the gradient height. The discussers are implying that
gradient height has zero turbulence, which may be true at hig
elevations, but these gradient heights implied in the standa
may, on the one hand, serve their intended purpose of provid
satisfactory transfer between boundary layers, but, on the o
hand, may not satisfy the textbook definition of the gradie
height. This lack of meeting the zero turbulence criterion does
affect the velocity profile nor does it aberrantly violate the rat
between the gust and mean wind at the reference height. Ra
the current formulation does indeed accurately reflect the ratio
the 3-s gust to the mean hourly wind at the reference height
1566 / JOURNAL OF STRUCTURAL ENGINEERING © ASCE / NOVEMBER
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the level of turbulence one expects based on the available data
upper elevations.

The turbulence intensity in the standard~for C exposure! at the
gradient height as specified in the standard is given byI (zg)
50.23(274.3 m/10 m)(20.16)50.12. Therefore, the real relation-
ship between the 3-s gust wind and mean at that elevation isV̂

5Gv3V̄, where Gv is the gust factor given byGv5112.65
3I (zg)51.32. Applying this factor to the relationship at the gra-
dient height given in the standard yields the ratio of the 3-s gus
and the mean hourly wind equal to 1.54, which is a normal resul
consistent with Durst’s value of 1.52.

In light of the preceding discussion, arguably the definition of
wind profile with power law does not necessarily contribute to the
inconsistency as noted by the discussers. If equivalence betwee
the gust and mean at the gradient height~as specified in the stan-
dard! needs to be emphasized, it should be viewed in the contex
of the turbulence level at that elevation.

Now, the question of the need to reconsider the use of powe
law in ASCE 7 in light of the unacceptable contradictions inher-
ent in the ASCE 7, noted by the discussers, is not very likely
because a log law may not be a proper law for describing the 3-
gust profile, which is the basic wind speed description in the
standard. However, should there be other alternative formats tha
better describe the 3-s gust profile without resorting to fitted pro-
files with polynomials of high order; the writers would fully sup-
port such an exercise.
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