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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member

bodies). The work of preparing International Standards is normally carried out through ISO

technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for votingPublication gs an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is d

rights. 1ISO shgll not be held responsible for identifying any or all such patent rights.

awn to the possibility that some of the elements of this document may be the subject of patent

ISO 4354 was$ prepared by Technical Committee ISO/TC 98, Bases for‘design of structures, Subcommittee

SC 3, Loads, [forces and other actions.

This second €

dition cancels and replaces the first edition (ISO 4354:1997), which been technically revisgd.
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Introduction

This International Standard is intended for use by countries without an adequate wind loading standard and as
a bridge between existing International Standards. The data in the annexes, with the exception of Annex A,
whilst formally only informative, and limited to the most common usage, are intended for use within the
definitions in this International Standard. Additional data will be provided from time to time in ISO Technical
Reports for use on the same basis.
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Wind actions on structures

1

Scope
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structlires, as well as their components and appendages. The loads are suitable for use. in co
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document (including any amendments) applies.

ISO 2

nternational Standard describes the actions of wind on structures and specifies methods
cteristic values of wind loads for use in designing buildings, towers, chimneys,bridg

B94 and other International Standards concerned with wind loads. In particular, this
ard facilitates the conversion between peak and mean wind speed methodologies and co
storm types, synoptic winds, thunderstorms and tropical cyclones (hurricanes‘and typhoons

hternational Standard provides the basic methods from which to detefmine wind loadin
h the determination of design pressures or orthogonal along-wind @nd cross-wind forces
uctures of simple shape and wind directionality effects, and‘through wind tunnel or
hinations of pressure, forces and moments for structures with.complex shapes and wing
5 resulting in complex combinations of forces and moments.

, offshore and moving structures) typically require \@\special engineering study; some guid
limitations of this International Standard in theseicases.

hethods of analytical determination of design® wind loads are given in this International $
on a peak velocity and the other on a:mean velocity. Both methods can be used W
nse effects are important, and where, they are not important only the peak-velocity method
ptional Standard by taking the peak dynamic response factor to be unity. To simplify pre
d based on the peak velocity is-given in the main body of this International Standard an
on the mean velocity is given.in.a normative Annex A.

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the-edition cited applies. For undated references, the latest edition of th

394, Geheral principles on reliability for structures

of calculating
es and other
njunction with

International
vers the three

)-

g analytically
and moments
computational

directionality

ures of unusual nature, size or complexity (e.g. tall buildings, long span bridges, large span roofs, guyed

ance is given

btandard, one
hen dynamic
s used in this
sentation, the
d the method

ht. For dated
e referenced
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3 Symbols

Symbol Term Unit
A Tributary or local area (area of application of pressure coefficient Cp) m?
Apet Reference area for force on overall structure or part of structure m?
Cayn Peak dynamic response factor 1
Cdyn m Mean dynamic response factor 1
Coxp Peak exposure factor 1
Cexp, m Mean exposure factor 1
Cr Force coefficient 1
Crm Mean force coefficient 1
Cp Pressure coefficient (time and spatially averaged) 1
Cor Standard deviation force coefficient 1
F Peak force N
Floe Peak force on a tributary or local area N
Fp, Mean force N
g Peak factor 1
gy Wind speed peak factor 1
h Height n
1, Wind speed turbulence intensity 1
p Pressure Nnt2
Dref, m Regional reference mean dynamic.pressure Nm—2
dsite Site peak dynamic pressure N2
9site, m Site mean dynamic pressure N2
14 Peak wind speed msf!
Vier Critical wind speed at the top of the structure mg| "’
Vin Mean wind speed ms{"!
Vet Regional peak reference wind speed (with return period) msf!
Viet. m Regional mean reference wind speed ms[™!
Vsite Site’ peak velocity ms[™!
Vsite, m Site mean velocity ms[!
O Standard-deviation-offorce 2

4 Wind actions

Wind actions that shall be considered in the design of the structure can produce the following:

a) excessive forces or instability in the structure or its structural members or elements;

b) excessive deflection or distortion of the structure or its elements;

c)

repeated dynamic forces causing fatigue of structural elements;

© 1SO 2009 - All rights reserved
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d) aeroelastic instability, in which motion of the structure in wind produces aerodynamic forces augmenting
the motion;

e) excessive dynamic movements causing concern or discomfort to occupants or onlookers;

f) effects of interference from existing and potential future buildings.

NOTE Wind pressure and force given in this International Standard are equivalent static wind loads and not pure

external excitations. As the equivalent static wind loads are essentially based on linear elastic building and structure
behaviour, it is necessary to give careful attention if they are applied to design in the plastic region.

5 Wind pressure

e determined
Clause 8, a

For the actions referred to in Clause 4 a), b), ¢) and e), the effective wind pressure, p, shall b
from p relationship incorporating the site dynamic pressure, g, defined in Clause 7 ang
pressyire coefficient, C,, and a dynamic response factor, Cy,,,, of the general form ofEquation (1):
p:qsiexcpxcdyn (1)
The w
excep
be co
tributg

'e or element,
essures shall
s for defined

ind pressure is assumed to act statically in a direction normal to the surface of the structu
t where tangential frictional forces are specifically identified. Beth internal and external p
hsidered. Integration of pressures shall be undertaken to¢obtain global forces or force
ry areas.

The effects of wind from all directions shall be considered.

6 Wind force
For spme structures, it may be appropriaté-to represent the wind forces, F, by their resyltants. These
resulténts shall include along-wind (drag);” cross-wind (lift), torsional and overturning actipns. Different

magnitudes and distributions of the wind force can be necessary to evaluate the actions|described in

Clausg 4 a), b), c) and e).

e determined
mic pressure

The derivation of effective wind forces on an element, or resultant forces and moments, shall 4
by using either the peak reference dynamic pressure given here, or the mean reference dyna
given jn Annex A.

The peak reference pressure method assumes that the dynamic effects can be represented by a maximum or

peak loading effect'bhased on a peak reference pressure combined with a mean pressure coeffic
pressiire coefficient modified for local effects relating to area of application and statistical charag
a peak dynamic rfesponse factor, Cayn: from the general relationships given in Equations (2) and

ent, (or mean
teristics), and
3):

()

Floc =|dsitd X Cp X Cyyn X 4

F = gite X Cp X Cayn X Aref )
Equation (2) is used for the force on a tributary or local area, 4. Equation (3) is used for the total force on the
whole structure or part of the structure. The value of Cy,, can be taken as 1,0 except where the structure is

dynamically wind-sensitive, as described in Annex E.

In many cases total loads on whole structures will be determined from loads determined for various
components, or facades, or from along-wind and cross-wind components. These forces contribute
simultaneously but are not usually well correlated. Methods for determining load combinations are given in
Annex G.

© 1SO 2009 - All rights reserved
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It is important when using the dynamic method that the ways in which the equivalent static wind forces are
distributed include not only the mean and fluctuating (background) wind forces acting on the structure’s
exterior, but also the inertial forces due to motions of the structure’s mass.

7 Site peak dynamic pressure
The site peak dynamic pressure, g4, shall be determined from the regionally derived reference wind speed,

Ve @long with appropriate exposure factors, Cg,,,, relating to wind speed for the site defined by the
expression:

9site = 0,9 X \Vsite)’) (4)

In Equation (4) the peak design wind speed locally at the site, adjusted for local exposure conditions, is| given
by Equation (p):

Vsite = Vref Cexp ®)
where the exgosure factor is determined as described in Clause 8.

The referencg wind speed is normally the specified value of the wind speed faf the geographical area in|which
the structure Js located. It refers to a standard exposure (i.e. roughness, height and topography), averaging
time and probability of excedence in one year (which can be approximated by an average return period for
design application as required from serviceability to ultimate limit state determinations). In some situations, the
reference wind speed can be specified as varying with direction. In the annexes of this International Stgndard
the standard exposure is at 10 m height in open country terrainvand g, is based on a maximum 3 s{mean
gust wind speed, V.

Analysis procgdures and values are given in Annex B and-Annex C.

In certain cages, critical loading can occur at wind._speeds differing from, and perhaps lower than, that
specified above (e.g. due to vortex shedding). These critical wind speeds (with reference to height f) are

denoted V. and substituted for ;.. These cases are discussed in Annex E.

8 Exposuyre factor

The exposurg factor, Cg,,, relating-to’wind speed, accounts for the variability of the wind speed at the site of

the structure for each storm typ€;,due to
a) the height above ground-evel,
b) the roughness of the'terrain (including change of roughness), and

c) the topodraphy.

Values of the exposure factor are given in Annex C, and can vary with wind direction. Further guidance on the
application of directional design wind speeds is given in Annex C.
9 Pressure and force coefficients

A pressure coefficient, Co» is an aerodynamic wind-induced pressure expressed as a fraction of the
reference pressure. A force coefficient, Cg, is an aerodynamic wind-induced force expressed as a ratio of the
aerodynamic force exerted on a structure or its parts to a reference pressure multiplied by a reference area.

Pressure coefficients are specified as appropriate fractile values of the respective extreme actions. The fractile
value to be used is defined in Annex D.

4 © 1SO 2009 - All rights reserved
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Pressure and force coefficients are influenced by the shape of the structure, the exposure, the relative wind
direction, the Reynolds number and the averaging time. Values of pressure and force coefficients are
presented in Annex D in tables as non-simultaneous values for the design of cladding or parts of the structure
and in figures as simultaneous distributions for the design of the load-bearing structure.

Enclosed structures are subject to internal pressures determined by the size and distribution of the openings
in the building envelope and by any pressurization, mechanical or otherwise. Allowance shall be made for
these by combining pressure coefficients for the external pressures with those for the internal pressures.

Pressure and force coefficients shall be determined from one of the following sources:

a) nex D:;

b) appropriate wind tunnel tests, as described in Annex H;

c) appropriate computationally based data, as described in Annex I;

d) ofher codes or standards, provided that appropriate adjustment is made_for*any discrepancies, e.g. in
ayeraging time and exposure from those used in this International Standard; and provided that adequate

rovision is made for a dynamic response factor.

o

10 Dynamic response factor

The dynamic response factor, Cgyn» accounts for the following‘actions of the wind:

a) fluctuating pressures due to random wind gusts acting over all or a part of the surfac¢ area of the
structure;
b) fluctuating pressures in the wake of the stfucture (vortex shedding forces), producing resultant forces

D

Cting cross-wind, as well as torsionally and along-wind;

—h

c) fluctuating pressures induced by the. motion of the structure due to wind.

Information on these effects and appropriate values of the dynamic response factor is given in Apnex E.

11 Griterion for aeroelastic instability

For sfructures affected’ by the wind actions specified in Clause 4 d) that cause aeroelastic instability, it is
necessary to show>that the performance of the structure, without further application of a Ipad factor, is
acceptable up.40)a wind speed somewhat higher than the design peak wind speed for the strycture. Unless
alterngtive rational procedures are available, this wind speed shall be taken as no less than thg ultimate limit
state sitepeak velocity, Vg, or 1,5 times the ultimate limit state 10-min mean design wind spegd for the site
locatign-and height of the structure.

12 Methods of determination of wind loads

Two methods of determining design wind loads are given in this International Standard, one based on a peak
velocity pressure and the other on a mean velocity pressure. Both methods are intended for use in a detailed
way when dynamic response effects are important with an appropriate value of either a peak or mean
dynamic response factor, guidance for which is given in Annex E. When dynamic response effects are not
important, such as for the design of cladding for most typical structures and the design of the main structural
systems of small- to medium-sized structures with little dynamic response effect, the peak velocity pressure
method is intended for use in a simplified way by taking the peak dynamic response factor, Cdyn, to be unity.

© 1SO 2009 - All rights reserved 5
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For certain wind-sensitive structures specialist supplementary studies are recommended. Structures sensitive
to wind include those which are particularly flexible, slender, tall or of light weight and those within complex
surroundings. Unusual geometry is able to also give rise to an unexpectedly large response to wind. In these
instances, supplementary studies by an expert in the field are recommended and these typically include wind
tunnel tests. These tests can be used to establish details of the overall structural loads and the distribution of
external local pressures. Details of suitable testing procedures are given in Annex H.

Both methods of analysis are intended for use with performance-based and limit state design methods, the
requirements for which are introduced at the choice of an appropriate probability of excedance for the regional
reference wind speed, defined in Clause 7.

This Internati rds by
using the relg reting
between natignal standards, it is essential that account be taken of the storm type most applicable-fo)bqth the
ultimate limit $tate and the serviceability design.

Alternative methods of analysis to those recommended in this International Standard may be permitted
provided it cgn be demonstrated that the level of safety achieved is generally equivalentto that achieyed in
this Internatiopal Standard. Guidance on the level of safety is given in Annex J.

6 © 1SO 2009 — All rights reserved
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Annex A
(normative)

Mean velocity method

General

on a peak velocity that has been presented in the main body of this International-Stan

ppplication in the determination of dynamic response effects because it transparently r

utions with height and load combinations as used in determinations{based on wind
irements.

hethods for analytical determination of design wind loads are given in this Internationat$
bn a mean velocity that is to be presented in this normative Annex A. The mean veloeity n
nse of the structure in terms of mean and fluctuating components, which is armore accurg

of the response process and more appropriate when considering complexxStructures r|
distrib

btandard, one
dard, and the
hethod has its
bpresents the
te description
equiring load
tunnel model

A.2 Wind force analysis procedures

The mean velocity method assumes that the dynamic effectsican be represented by a general ¢xpression for
the pgak loading effect, , made up from the addition of a mean force component, F,;,, and a fluctuating force
component made up from the product of a peak factor, gxand the standard deviation of the forcq, of, as given
in Eqyation (A.1):

F=Fm+g><0_|: (A1)
wherd the mean and standard deviation farces can be obtained using mean and standard deviation force
coeffigients, Cg,, and Cop»as given in EQuations (A.2) and (A.3):

Fln = dsite, m X Crm X Aref (A.2)
and

OF = dsite, m X CgmXHref (A.3)
To fagilitate the-gconversion to the peak dynamic response factor, Cy,,, @ mean dynamic regponse factor,
Cayn, (often'referred to as a gust effect factor for along-wind forces) can be given as Equation [A4):

Gyt = FIFm=1+g X oplF, (A.4)
And for local force, F|,, on tributary or local area, 4, as Equation (A.5):

Floc = Fim X Cayn, m = 9site, m X Cp X Cgyn, m X 4 (A.5)
NOTE Cp in this application is the actual mean value and not a modified mean value.

For overall force, F, on a structure with reference area, 4,4, Equation (A.6) is used as follows:

F'=Fy X Cyyn, m = 9site, m CFm X Cayn, m X Aref (A.6)

© 1SO 2009 - All rights reserved 7
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The peak and mean dynamic response factors can be linked through the relationship between the peak and
mean wind speeds with the introduction of a wind speed peak factor, g, and turbulence intensity, /,,, as given

in Equations (A.7) and (A.8):

Vv

=Vn(1+g,1,)

Cdyn = Cdyn, m / (1 + 8y [V)Z

[and as an ap

proximation, for low turbulence intensity, Cyyn = Cyyn m/ (1 + 28y 1,)]

(A7)

(A.8)

A.3 Site rrJean dynamic pressure

The site mea
speed, Vet m
using Equatio

9site, m =
where

V.

site, m —

In Equation (4

h dynamic pressure, ggie m, Shall be determined from regionally derived mean reference wind

, along with appropriate exposure factors, C, relating to wind speed, for-the site d

n (A.9):

Xp, m’

D,5 % p (Vsite, m)2

y

ref, m

x C

exp, m

\.10), Vsite, m IS the mean design wind speed relating to the local exposure conditions and

of the structure as described in A.4.

The reference
the structure
time and pro
design applic
reference win
the standard
mean wind sp

Analysis proc

In certain cas
vortex sheddi

wind speed is normally the specified value of the wind speed for the geographical area in
s located. It refers to a standard exposure «i.e. roughness, height and topography), ave
ability of excedence in one year (which.¢éan be approximated by an average return per
tion as required from serviceability to ultimate limit state determinations). In some situatior
[ speed can be specified as varying.with direction. In the Annexes of this International St3
exposure is at 10 m height in open’/country terrain and g , is based on a maximum
eed, Vigr m-

bdures and values are given-in Annex B and Annex C.

efined

(A.9)

A.10)

height

which
raging
od for
s, the
ndard
0-min

es, critical loading €an” occur at wind speeds differing from that specified above (e.g. due to

ng). These criticalwind speeds (with reference to height, /) are denoted V},;. and are subs

for V. Thes¢ cases are diséussed in Annex E.

A.4 Mean

The mean e

bxposure factor

tituted

mean

posure factors, prp —, relating to mean wind speed account for the variability of the

wind speed at the site of the structure, for each storm type, due to

a) the height above ground level,
b) the roughness of the terrain (including change of roughness), and
c) the topography.

Values of the mean exposure factor are given in Annex C and can vary with wind direction. Further guidance
on the application of directional design wind speeds is given in Annex C.
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Annex B
(informative)

Determination of reference wind speed

B.1 General

Claus
factor:
be de
two regference wind speeds will be referenced to standard averaging times and exposure; defined

Many
causes the extremes. However, generally, yearly extremes do_net form an appropriate basis fg
value
familig
storm
cases
ensemble therefore should consist of independentiextremes above an appropriate threshold f

type.

B.2

The defined reference wind speeds shall be obtained from regional wind speeds, which, if not
given

a)

b 7 defines site peak and mean dynamic pressures in terms of reference wind speeds
5

ermined from regionally derived reference wind speeds, and for use in this International

Mo is the maximum wind speed averaged over 3 s referenced to a height of 10'm over flat
tgrrain;

=

Lef, m IS the maximum mean wind speed averaged over 10 min refefenced to a height of
ben country terrain.

o

national standards are based on annual extremes which can be appropriate where a sing

analysis of wind speeds. This is especially true if the,respective storm phenomenon ten
s or clusters. Then, in a specific (calendar) year more than one event corresponding to
type might be obtained, while in another year no eveént of the analysed storm type has occ

the ensemble of yearly extremes containscirrelevant data and neglects other releva

Analysis procedures

n the definitions in Clause.B.1, shall be converted by the following procedures.

Gonversion for wind. speeds referenced to different terrain roughness or height, V;, ,
egposure factors; “Coyp, Coxp, m» 9iven in Annex C for the appropriate storm type
E

quations (B.1))and (B.2):

_ Vtr,z
ref — 2,

exp

And exposure

. The reference wind speeds for any probability of excedance in one year (average returm period) shall

Standard the
as follows:

open country

10 m over flat

le storm type
r the extreme
s to occur in
the analysed
urred. In such
nt data. The
br each storm

referenced as

shall use the
as given in

(B.1)

v _ Vtr, zZ,m
refm — C
exp, m

Conversion to wind speeds, 7, referenced for different averaging times, 7, shall use an a

(B.2)

veraging time

factor, k4, which is based on a peak factor, g,, and the turbulence intensity, I, as given in Equations (B.3)

and (B.4):
Vi =krVr-3600s

kT :1+gV[V

© 1SO 2009 - All rights reserved
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ky relates to the maximum wind speed averaged over a given period of T seconds within the hourly mean wind
speed for a given hour.

gy is a peak factor that depends primarily on the time over which the maximum wind speed is averaged, T, and
weakly dependent on height. A full derivation methodology is given in References [2], [3] and [4], as
summarized in Reference [5]. For this International Standard, average values of g, for heights between 3 m
and 300 m are given in Table B.1 along with an evaluation of k; for a range of values of T for the specific
reference conditions of z=10 m and z, = 0,03 m.

1, is the turbulence intensity defined as the standard deviation of wind speed divided by the hourly mean wind
speed, using Equation (B.5):

I,=—14% (B.5)
Vmn,F=3600s

Table B.1 — Averaging peak factors, g,, and evaluation
of reference averaging time factor, &/ z

Avgraging time Average peak factor Reference averaging time fa¢tor
T
S gy kp z=10m, z5 = 0,03 m
1 3,90 1,62
3 3,00 1,53
10 2,40 1,42
30 1,65 1,27
100 0,90 1,15
600 0,28 1,05
3600 0 1,00

The most conpmon conversions needed for reference conditions in relation to averaging time, 7, are:

Vief, =35 =193 Vier, 7= 3 600.s

Veet, 7=690s = 1.05 Vige/T2 3600 s

Vref, T=3p~ 1,46 Vref, T=600s

Anemometer | measurements might not have been made in the open country reference conditigns of
zo = 0,03 m and more detailed correction might be needed o obtain the appropriate peak factor as well as the
conversions given by Equations (B.1) and (B.2), such as using Equation (C.3) with Figure C.1.

The hourly mean wind speed is meaningful for synoptic storms, but for tropical cyclone storms and
thunderstorms there are no statistically stationary values of the hourly mean wind speed. In these latter cases
an equivalent 10 min mean wind speed can be used in this International Standard to facilitate the
determination of the dynamic response, although the use of the 3 s wind speed is recommended in
thunderstorm climates. In addition, historical wind speed data in thunderstorm climates need to be referenced
to averaging times of 3 s or less for the meaningful determination of extreme value design wind speeds.

10 © 1SO 2009 — All rights reserved
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Annex C
(informative)

Determination of exposure factors

C.1 General

Clausg 8 defines the exposure factors in terms of the variation of the reference wind speeds and|consequently,
the site peak and mean velocity pressures, with height, terrain roughness, change in terrain Toughness and
topography for the various storm types. The exposure factors will be made up of factérs-for gach of these
phendmena as shown in Equations (C.1) and (C.2):

Cexp = ktr, z X ktrchange X ktopog (C.1)

Cexp, m~ ktr, z,m x ktrchange, m X ktopog, m (C.2)
wherg

kg . is the peak terrain roughness and height exposurefactors;

kg 2 m is the mean terrain roughness and height exposure factors;

kgchange IS the peak terrain roughness change exposure factors;

kgchange, m 1S the mean terrain roughness’change exposure factors;

k,opog is the peak topography@xposure factors;

Kopog, m is the mean topogtaphy exposure factors;

z is the height-above ground level.

C.2 Wind profiles-over flat terrain

Valueg of the-terrain roughness and height exposure factors will be given for three storm typés, along with
valueg of turbulence intensity.

C.2.1L.Synoptic storm profiles

Synoptic storm hourly mean wind speed and turbulence intensity profiles for four terrain roughness categories
will be defined by the following logarithmic law relations (after Reference [2]) to fit roughness length values of
z5=0,003, 0,03, 0,3 and 3,0 m, defined as terrain roughness categories 1, 2, 3 and 4 respectively, and a
gradient height (zg) hourly mean wind speed of 50 ms~1. See Equations (C.3) to (C.10):

2 3 4
Vie.- 7=3600s =~ 1In| — |+5,75| = |-188| — | ~133| — | +0,25 — (C.3)
T 0,4 Zg zZg zg zZG zg

g = (C.4)

© 1SO 2009 — All rights reserved 11
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7716
7,50ux {o, 538 + 0,0gln(zﬂ

20
oy = (C.5)
1+0,156In[ v ]
fzo
p =1-8F (C.6)
U=
f =2Q0sing (C.7)
where

is the latitude,
£ is angular velocity of the Earth’s rotation (= 72,9 x 1076 radians/s),
u= is thé frictional velocity surface friction shear stress

atmospheric air density
o
Iy =——"— (C.8)
V4 r=3600s

(i.e., furbulence intensity based on hourly mean wind speed at a specific location of height and {errain

roughness)

Vie.o.7=3s =Vz 7= 36008 (143,01, )

Vir, o, 7=400s ==, T=3600s (1+0,281, |

Values of z; for various terrain roughness conditions are given in Figure C.1.

(C.9)

C.10)

Some evaluafions of the terrain roughness and height exposure factors and turbulence intensities for synoptic
storm profileq are given in Table*C1 for a latitude of 40°. The Deaves and Harris equations are not vglid for
latitudes apprpaching zero degrees and would not normally be used for values of ¢ < 20 °. The evaluatipns in
Table C.1 differ slightly from-those defined in C.1 because the Deaves and Harris equations are based on a
mean averaging time of-7\="3 600 s, as used in some countries. Hence the evaluation of the mean wind speed
profiles have peen cartied out for 7= 3 600 s, then converted to the peak and mean reference times used in

this Internati
used, the ter
reference wi

k _ th’,z
tr,z v
ref
k _ Vtr, z,m
tr,z,m — v
ref

Vir,2,7=3600s

kir, -, 7 =3600s =
T Vref

12

(C.11)

(C.12)

(C.13)
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Where, as specified in this International Standard any parameter without a definition for averaging time, T, is a
peak value for 7= 3 s.

If the mean terrain roughness and height exposure factors are required, they can be obtained from the ratio of
the factors in Table C.1, with either the T=600 s ou 7= 3 600 s factor at z= 10 m in open country terrain, as
appropriate.

The logarithmic law profiles can be approximated by power law profiles with only the one variable for terrain
roughness category being the power law exponent, £, as given in Equation (C.14):

B
(C.14)

B
Ve =V o (i\ and V., Ve Z
, , o] = =Lir——tommi 5

Values for fand £, have been fitted between 10 m and 200 m and are given in Table C.M

© 1SO 2009 — All rights reserved 13
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2,0 o City buildings Terrain roughness category 4 z, = 3,0
(10,0 m to 30,0 m)
1,0 <+ Forests
0,8 + High density metropolitan
0,6 +
0,4 T+ Centres of small towns
1 [ Level wooded country, S . _
0,2 suburban buildings S‘f’ﬁ;;}’v Terrain roughness category 3 z,=0,3
E
N 0,1 T
e
D
& 0,08| T
[%)]
0
2 0,06| + Fewtrees % %
= -
> Long grass (600 mm) ﬁ
< 0,04| + Crops
Rough open water )
surfaces, breaking waves Terrain roughness category 2 z, = 0,03
0,02 7 on shoreline at ULS wind
speeds — isolated trees,
uncut grass and airfields
0,01 +
0,004 T Cutgrass (10 mm)
0,006 T+ Desert (stones)
0,004 +
0,002 L Natural snow surface (flat) Terrain roughness category 1 z, = 0,003
Key

zg roughness length, expressed in metres

Figure C.1 — Description of terrain roughness lengths, z,
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Table C.1 — Terrain roughness and height exposure factors, &, ., and &, , ,, and
turbulence intensity profiles for four terrain roughness categories over flat terrain

for synoptic storms for latitude ¢ =40°

Characteristics
Terrain roughness Height Turbulence
category z fr, 2 kr,z,m K, 2 intensity
m (T=3s) (T'=600s) (T'=3600s) Iy - 7=3600s
1. Open sea flat 3 0,97 0,70 0,67 0,148
surface 5 1,03 0,75 0,72 0,142
7% =0,003m 10 111 0,82 0,79 0,135
20 1,19 0,89 0,86 0,127
50 1,28 0,99 0,96 0,112
100 1,33 1,07 1,04 0,095
200 1,39 1,15 1,13 0,076
500 1,49 1,31 1,29 0,052
1000 1,58 1,46 1,44 0,032
B — B=0,074 Bn=0,113 Br=3600=0,120 —
2. Opgn country/ 3 0,83 0,55 0,52 0,203
open [sea in ultimate 5 0,90 0,61 0,58 0,191
limit gtate conditions
=003 m 10 1,00 0/69 0,655 0,178
20 1,10 0,77 0,73 0,165
50 1,21 0,88 0,85 0,147
100 1,29 0,97 0,94 0,128
200 1,36 1,07 1,04 0,106
500 1,48 1,23 1,21 0,074
1000 1¢58 1,40 1,38 0,048
B — B=0,103 Bn=0,147 Pr=3600=0,154 —
3. Supurban 3 0,84 — — —
=03 m 5 0,84 0,40 0,37 0,311
10 0,84 0,50 0,47 0,269
20 0,96 0,60 0,56 0,239
50 1,12 0,73 0,69 0,208
100 1,23 0,83 0,79 0,184
200 1,33 0,95 0,91 0,156
500 1,47 1,13 1,10 0,111
1000 1,58 1,32 1,29 0,075
B — p=0,152 Bn=0,214 Pr=3600=0,220 —
4. Urlpan 3 0,59 — — —
zZy= ;TO m 5 0,59 _ _ _
10 0,59 0,23 0,20 0,677
20 0,74 0,35 0,31 0,473
50 0,95 0,51 0,46 0,355
100 1,12 0,64 0,59 0,302
200 1,27 0,77 0,72 0,254
500 1,46 0,99 0,94 0,184
1000 1,59 1,20 1,16 0,126
B — f=0,256 S =0,403 Pr=3600= 0,428 —

NOTE

Values in terrain roughness categories 3 and 4 below 5 m and 10 m have been left conservatively constant or blank as
these heights are close to or below the actual roughness elements in these categories. It is necessary to determine the effects of
shielding from wind tunnel measurements of relevant references.

© 1SO 2009 - All rights reserved
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C.2.2 Tropical cyclone storm profiles

Research into wind speed profiles for tropical cyclones (typhoons or hurricanes) has produced a wide scatter
of results over the last few decades. A recent review, in Reference [9], has recommended that there is not
enough evidence to use other than logarithmic-law (or power-law) profiles near the ground (up to 500 to
1 000 m). Hence, it is recommended that terrain roughness category 2 given in Table C.1 be used for tropical
cyclones.

Measurements by References [6] and [7] and studies by Reference [8] have shown episodes of relatively high
values of turbulence intensity embedded in tropical cyclone records. In particular, the vertical components
relative to the Iongltudmal components are S|gn|f|cantly higher than for a neutral boundary layer flow During
these eplsod e the

erstorm profiles

neral characteristics of thunderstorms and downbursts are well known, the ‘heasuremgnts of
profile data affe very sparse. Measurements and some unpublished data have enabled-a preliminary enyelope
of peak wind| speeds to be developed for this International Standard, but more_information, such as that
currently being collected at Texas Tech University!), will be important to continuing validation. An envejoping
profile of peak wind speeds for thunderstorms is given using Equation (C.15):

kir, .. peak|” 0,821 + 7,55 x 1074z - 6,75 x 106 22 + 1,06 x 108 23 - 4,97 X 1012 4
+0,079 In(z — 1,4) C.15)

Information o effective turbulence intensity in severe thunderstorm.downdrafts is given in Reference [1Q].
Some evaluation of this enveloping profile is given in Table>C.2. No guidance can be given with respect to
turbulence infensities in thunderstorms at this stage; only the synoptic storm turbulence intensities fpr the
appropriate tgrrain are available at present.

Table C.2|— Terrain roughness and height exposure factors for peak wind speeds, £, _, for thijee
terrain roughness categories for thunderstorms

Height
Terra|n roughness category 7z ktr, z
m
3 0,86
5 0,93
10 1,00
20 1,06
1,2and 3
50 1,15
Open sea, country and suburban
100 1,20
200 1,20
500 1,02
1000 1,00

1) Wind Science and Engineering Research Centre, Texas Tech University, Lubbock, Texas, USA.
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For thunderstorm environments only the peak wind speeds are relevant for the determination of design wind
speeds. Use of peak wind speeds for the determination of design loads is recommended, although an artificial
mean wind speed approach could be used for dynamic analysis. It is noted that in many cases for tall
structures the thunderstorm data might only control the ultimate limit state design loads and at the
serviceability levels the synoptic storm winds are likely to control. In all mixed storm environments it is
important that the extreme wind speed analyses be done for data separated into each storm type.

C.3 Turbulence spectrum and length scale

C.3.1 Turbulence spectrum

The most commonly used expression for the longitudinal spectrum of turbulence is due to von-Karman, which
is alsq generally used as an approximation in terms of wind speed and is given in Equation\(C.18):

)
) V
: Sg’ = m 3 (C.16)
)'V 2 E
1+70,8(fL"]
m
wherg

f| s the frequency;

S|, is the longitudinal spectrum of turbulence in tefms of wind speed;
L{ is the longitudinal integral length scale;
is mean wind speed;

g, isthe standard deviation of.wind speed.

C.3.2 Integral length scale-of turbulence

The determination of integral length scale of turbulence is very complex, but for wind engineerinig calculations
it is pgssible to conyeniently approximate it using Equation (C.17):

~

0,5
y =1oo[%} (C.A17)

wher

L, is the integral length scale, in metres;

z is the height above ground, in metres.

C.4 Change in terrain roughness effects

Adjustments to height exposure factors and terrain roughness due to changes in terrain roughness in
immediate approach fetches can be approximated by a linear weighting of the height exposure factors and
terrain roughness over a defined averaging distance for a given height, as given in Table C.3 and Table C.4
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and illustrated in Figure C.2. For heights over 10 m a lag distance as a function of height needs to be applied
using Equation (C.18):

125
Xlag = 20, trmax [m] (C.18)
where
Xjag is the distance downwind from the start of a new terrain roughness to the position where the
developed height of the inner layer (as shown in Figure C.2) equals z, expressed in metres;
Zo trmax |S the larger of the two roughness lengths at a boundary between roughnesses;
z s the reference height of the structure above the average local ground level.

Table C.3 — Averaging distance for structure height

Structure height Averaging distance upwind of structure
m m
h <50 1 000
50 < h <100 2000
100 < h <200 3 000

Table C.4 — Roughness lengths for terrain roughness categories

Terrain roughness category Roughness length
m
1 0,003
2 0,03
3 0,3
4 3,0

18 © 1SO 2009 — All rights reserved
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a) Notation for changes in terrain roughness category

Xtr3 Xtra i Xtr2 (2

. /O

3/ | N =

ki, = KXz * Kiraira * Fuats o i case illustrated
e Averaging distance

|- 2]

b) Example of changes in terrain roughness category

Key

1  start of new terrain roughness
stijucture
3 actual surface

a8  W]|nd direction.

b Dgveloped height of inner-tayer.

¢ Newterrain roughnéss Category.

d  Upstream terrain foughness category.
€ Aderaging distance.

Tdrrain roughness category 3.

9  Tdrrain roughness category 4.

Tefrain Toughness category 2.
i Lag distance (tr3 to tr4).
I Lag distance (tr4 to tr2).
Lagged response et height, z.

Figure C.2 — Changes in terrain category

C.5 Topographic and orographic effects
For structures situated in hilly, undulating terrain, the speed up of the wind velocity over hills and escarpments

is an important consideration. Two “topographical multipliers” can be defined as follows for the mean and peak
velocity speed up over small-scale features.
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ktopog =

(peak wind speed at height z above the feature) /

(peak wind speed at height z above the upwind flat ground)

kiopog,m = (mean wind speed at height z above the feature) /

(mean wind speed at height z above the upwind flat ground)

For a particular site, values of these topographic multipliers can be obtained from properly conducted wind
tunnel model tests or numerical calculations. For situations where this is not possible, they can be obtained

using Equatio

ns (C.19) and (C.20):

ktopog =

ktopog,m
In Equations
and Ly is the
Equation (C.2
s(x,z)=1

ko and k5 are

Ly is the horij
crest as show

Vet
+ rer,m

kqs(x,z)

ref

=1+ kqys(x, z)

C.19) and (C.20), v is the slope of the hill (H/2Ly) where H is the slope’height of the f

slope length (see Figure C.3); & is given in Table C.5 and the function s(x,z) is found
1):

ket
__|x| e 3LH

also given in Table C.5; and

n in Figure C.3.

Table C.5 — Parameters for thecalculation of topographic multipliers

C.19)

C.20)

bature
using

c.21)

ontal distance upwind from the crest of the hill or escarpment to a level half the height belpw the

kq kK ks
x<0 x>0
Two-dimensipnal ridge 4.4 0,75 0,75 1,5
Two-dimensipnal escarpment 3,6 0,75 2 1,25
Three-dimensional axisymmetric-ills 3,2 0,75 0,75 0,8

NOTE 1

NOTE2 Onc
face and the ab|
the upwind slop|
therefore also f]

For

lopes of less than, 0,05 the effects of topography can be ignored and the topographic multipliers can be taken as

e the upwind, slope of a hill or escarpment reaches a value of about 0,3 (about 17°), separations occur on the
bve values no longer strictly apply. However, for slopes between about 0,3 and 1 (17° to 45°), the separation bul

hirly.constant with upwind slope in this range. Thus for this range of slopes the actual slope can be replaced

effective slope 4

e causes an effective slope to the wind that is relatively constant. The topographic multipliers, at or near the crest, are

f1,0.

pwind
ble on

by an

qual to about 0.3

Note that the multiplier for the peak velocity is lower than that for the mean, as the effect of topography is
primarily to accelerate the mean flow component of velocity.

In addition to the wind speed up over small-scale topographic features, variations in wind speed can be
caused by the effects of larger scale “orographic” features. Orographic multipliers can be defined in the same
way as the topographic multipliers as follows.

korog =

(peak wind speed at height, z, above the orography) /

(peak wind speed at height, z, in the absence of the orography)

20

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=dc0ff8f4b59a4d8211a4a8cac2ce6f2b

ISO 4354:2009(E)

Korog,m = (mean wind speed at height, z, above the orography) /

(mean wind speed at height, z, in the absence of the orography)
These orographic multipliers are usually dominated by local conditions, and are best obtained from full-scale

measurements or from numerical meso-scale meteorological calculations. If such information is not available,
these multipliers should be taken to have the value of 1,0.

Zh 2
ZA a ,— a
|
v, A S,V, v, A SV,
N ﬁ/
T / ’
v, % 5 — T L,
s
- > >
X X X
a) Flat b) Hill c) Escarpment

a  “speed-up”.

Figure C:3 — Definitions for wind “speed-up” over low hills
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Annex D
(informative)

Aerodynamic pressure and force coefficients

D.1 General

The aerodynamic pressure and force coefficients, C,,, and Cf, are dimensionless aerodynamic cogff

that refer to w
elements as 4

Normally, the
aerodynamic

The extremes
to the duratio
1 h in synopti
An appropria

respective ex
Equation (D.1

Cp,80%
where

Cp,80%

Cp,mean

Cp. rms
The minus sig
If for the es

appropriate d
assuming tha

ind-induced pressures or forces. They express the wind-induced action on the structure 3
ratio to a reference velocity pressure in the oncoming flow.

aerodynamic force coefficients refer to a mean (time-averaged) windnaction, whi
pressure coefficients refer to an appropriate fractile value of the respective extremes.

of the aerodynamic pressure coefficients have to be sampled for a reference period apprg
n of the storm type. In this annex, a full-scale 1 h reference sampling time will be used (
C storms).

e design fractile value for the aerodynamic pressure coefficients is the 80 % fractile
remes. This value can be obtained from the mean and rms value of the extremes as foll
), assuming that the extremes follow a Type | extreme_ value distribution:

p, mean e

C 0,7xCp rms

is the 80 %-fractile of the extreme_pressure coefficients corresponding to a reference
of 1 h;

is the mean value of the extreme pressure coefficients;

is the rms value of the extreme pressure coefficients from 1 h samples;
n in Equation (D.1)\s"Used in case of negative mean pressure coefficients.
fimation of the-"80 %-fractile value extremes sampled from shorter subsets are use
bsign value \of the aerodynamic pressure coefficient can be estimated based on Equation

the subsets are independent:

Tsubset

cients
nd its

e the

priate
.e. for

of the
DWS in

(D.1)

period

d, the
(D.2)

Tfarn t
g

Ptarget, subset — Y,0U

where

Ptarget, subset

T target

T

subset

22

is the target non-excedance probability in the subset;

is the appropriate reference period, e.g. 1 h for synoptic storms;

is the duration of the subset.

(D.2)
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For example, with extremes sampled from 10-min subsets, the target non-excedance probability in Equation
(D.2) becomes 0,96. The design value of the aerodynamic pressure coefficients in Equation (D.1) can be
estimated with the respective statistical parameters from the subsets as given in Equation (D.3):

Cp,80% = Cp, mean, subset * 2"]Cp, rms, subset (D-3)
where
Cp,80% is the design value of the aerodynamic pressure coefficients, 80 %-fractile of the

extreme pressure coefficients corresponding to the reference period of 1 h;

(5 mean, subset isthemean vatue of theextreme pressure coefficientsfrommtO=mimsubsets;

b, rms, subset is the rms value of the extreme pressure coefficients from 10-min subsets

D.2 Reference exposure factors

The pressure and force coefficients are normally defined in conjunction wittia reference dynamic pressure
either|at the same level, z, in the flow or at some fixed reference height, iie.g. mean roof height. In all cases
the reference dynamic pressure should be noted. In addition, any fetce coefficients should have reference
areas|clearly defined.

Net pflessure across surface elements should be considered as.the combination of pressures on external and
internal surfaces.

D.3 Wind tunnel testing procedures

Presspre and force coefficients should normally be determined from wind tunnel testing on|models. The
dynanic factor, Cy,,,, should, where possible; also be obtained in these tests. These wind tunnel tests must
adeqyately simulate the atmospheric boundary layer and where possible the surroundings jat the site in
question. This involves modelling the mean velocity and turbulence intensity profiles and the sgectrum of the
longitlidinal component of turbulence as a minimum requirement. Pressure and force coefficients for
sharptedged bodies are usually insensitive to wind velocity, however, curved surfaces, such as|cylinders and
domes, are sensitive to wind speed, surface roughness and turbulence characteristics, collectiyely known as
Reynglds number effects, and’ special care should be taken with extrapolating from model ftests of such
structyires.

D.4 Forms of presentation

Presspre and-force coefficients are presented in this annex in tables as non-simultaneous Values for the

design of the cladding or parts of the structure and in figures as simultaneous distributions for|the design of
the |ohmmmmnmmmmmmmwM1 into account

when appropriate factors for area load and local load effects are incorporated to estimate these simultaneous
load distributions. Consistent simultaneous distributions are best obtained using the LRC method
(See Clause D.10 and Clause D.11).

Pressure and force coefficients in various national standards and codes, and in the literature, can be defined
as mean values or mean extreme values, using different reference averaging times for wind speed (gust or
hourly mean), different reference times, different flow conditions (open/rural, or urban), different reference
areas (projected frontal or plan area), and reference heights (mean, eaves or ridge). Special care is needed in
adopting other values to ensure consistency with the method of this International Standard.

Pressure and force coefficients will be given in this annex for simple rectangular shapes, in open terrain,

referenced to the peak velocity pressure (i.e. based on a 3 s mean gust wind speed) at mean roof height, or at
height, z, dsite, h» OF 9site, z-
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D.5 Building height definition
This International Standard defines two types of buildings based on their actual height and height aspect ratio:

a) low buildings are those of height < 25 m and with height aspect ratio 4/b < 1;

b) high buildings have height > 25 m or /b > 1.

For low buildings, the effects of resonance are negligible and Cdyn then incorporates the effects of wind

turbulence only, and due to a lack of correlation of pressures on different surfaces combinations of loading

from different surfaces generally require a reduction in maximum loading over the whole structure, for which
yn —

For high and/pr slender buildings resonance of the structure becomes significant and separate calculation of
these effects through Cyy, is required. See Figure D.1.

Key

=N

upwind ropf

N

ridge line
3 downwind|roof

¢ Roof pitch pngle.
Wind direction.
4 qis the leapt of 0y25; 0,2d or h.
b The dimengioh.in across-wind direction.

4 The dimension n along-wind direction.
" The ridge height.

Figure D.1 — Building geometry definitions

D.6 External pressure coefficients

Pressure coefficients for external surfaces, C, ., of rectangular planform buildings with pitched roofs are
presented in this clause. They are a function of the building geometry, including aspect ratios, 4/b and d/b, roof
pitch, ¢, and wind direction, 6. Windward, leeward and side walls, and upwind and downwind roofs will change
designation according to the wind direction under consideration.
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Where two values of pressure coefficient are specified, each must be used in design and combined with

internal pressure coefficients for the most severe condition.

For intermediate values of parameters, //b, ¢, linear interpolation between values of the same sign shall be

carried out.
Table D.1 — Windward walls
h External pressure Reference dynamic pressure
coefficient
T Cp7 )
> 25 0.8 Isite, z
0.8 9dsite, z
<25
0,7 dsite, h
Table D.2 — Leeward walls
o d/b Cp‘ e Reference dynamic pressure
eg (°)
<1 -0,5
<10 2 -0,3 dsite, h
>4 -0,2
10 -0,3 dsite, h
15 All values <03 4site, h
20 -0,4 9dsite, h
<01 -0,75
>25 dsite, h
>03 -0,5
Table D.3 — Side walls
Horizontal distance Cp‘ e Reference dynamic pressure
fromwindward edge
<1h -0,65 9site, h
1h to 2h -0,5 dsite, h
2h to 3h -0,3 9site, h
> 3h -0,2 dsite, h

© 1SO 2009 - All rights reserved

25


https://standardsiso.com/api/?name=dc0ff8f4b59a4d8211a4a8cac2ce6f2b

ISO 4354:2009(E)

Table D.4 — Roofs, <10

C Reference dynamic
Horizontal distance from p. e pressure
windward edge of roof
h/d < 0,5 h/d > 1,0 qsite, h
<0,5h -0,9, -0,4 -1,3,-0,6 dsite, h
0,5h to 1h -0,9,-0,4 -0,7,-0,3 4site, h
1h to 2h -0,5,0 dsite, h
(-0,7,-0,3)
2hrte-3h 8-3—6+4 - - Ysiteh
For interpolation only
3h -0,2,0,2 Isiteqh
Table D.5 — Upwind roofs, o >10
Co, e
Roof pitch Referenre
h/d o dynamic
(deg) pressure
10 15 20 25 35 > 45
<0,25 -10,7,-0,3 | -0,5,0,0 | -0,3,0,2 | -0,2,0,3 | -0,2,0,4 0,0,0,5 dsite,
0,5 40,9, -0,4 | -0,7,-0,3 | -0,4,0,0 | -0,3,0,2 | -0,2,0,3 | -0,2,0,4 | 0O, 0,8sinc. dsite, W
=>1,0 -11,3,-0,6 | -1,0,-0,5 | -0,7,-0,3 | -0,5,0,0 |~+0,3,0,2 | -0,2,0,3 dsite, h
Table D.6 < Downwind roofs, o> 10
Cpie
Roof pitch
h/d a Reference dynamic presisure
(deg)
10 15 20 > 25
<0,25 10,3 -0'5 -0,6 b/d<3 -0,6 dsite, h
0,5 40,5 =0,5 -0,6 3<b/d<8 —0,06(7 + b/d) 9site, h
=10 107 -0,6 -0,6 b/d>8 -0,9 9site, h

D.7 Internal pressure coefficients

Aerodynamic shape factors for internal pressure, CpJ, are presented in this clause. Internal pressure is a
function of building permeability and external openings. Building permeability is defined as any area where
leakage of flow into or out of the building can take place (e.g. gaps and vents). Openings can be permanent or
failure induced, e.g., window breakage or door blowout. For most structures, Cayn = 0,85 can be assumed with
these internal shape factors.

Dominant openings in a surface occur when the sum of all openings in that surface exceeds the sum of all
openings in any one other surface.

26
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Where two values of shape factor are specified, each must be used in design and combined with external
shape factors for the most severe condition. See Table D.7 and Table D.8.

Table D.7 — Internal shape factor, without dominant opening

Condition ij Refer:pecsessi(:amic

One wall permeable, other walls impermeable

1. Windward wall permeable 0,6 dsite, h

2. Wideard wall impermeable -0,3

Two gr three walls equally permeable, other walls impermeable

1. Wipdward wall permeable -0,1,0,2 dkite, h

2. Wi]:dward wall impermeable -0,3

All wglls equally permeable -0,3:0,0 site, h

All wglls impermeable (sealed building) -0,2,0,0 dite. h

Table D.8 — Internal shape factor, with.dominant opening
Dorinant opening Ratio of dominant opening area in@;surface to total open area ference
location (including permeability) of\any one other surface dynamic pressure
<0,5 1 2 3 >6

Windward wall -0,3,0,0 -0,1,0,2 0,7 (Cp’ e) 0,85 (Cpﬁ e) (Cpﬁ e) dsite, z
Leeward wall -0,3,0,0 -0,3,0,0 1,3 (Cp’ e) 1.1 (Cp‘ e) (Cp‘ e) dsite, h

Side fwall -0,3,0,0 -0:3,0,0 (Cp, &) (Cp, e (Cp, e dsite, h

Roof -0,3,

-0,3, 0;0 0.15(C, o (Cp, &) (Cp, e (Cp, e) dsite, h

NOTH Cp’ o i the relevant.external pressure coefficient at the dominant opening location for the relevant wind dire¢tion.
D.8 Factor for’area load effects
The lack ,of~correlation of fluctuating wind pressures over large areas on a single surfacqg leads to an
overestimation of loads on that surface and a factor for area load effects, K, is introduced. K i$ a function of
the ad i ibuti i i i e factors. For

intermediate values of area, linear interpolation is allowed.

Table D.9 — Area load effect factor

Tributary area for load effect calculation Factor for area load effects
m?2 K,
<10 1,0
25 0,9
> 100 0,8

© 1SO 2009 - All rights reserved
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D.9 Factor for local load effects

The averaging of shape factors over the entire faces shown in Figure D.1 leads to an underestimation of
pressures adjacent to edges and over smaller areas due to the fluctuating nature of the wind and a factor for
local load effects, K|, is introduced. K| depends on the size of the area under consideration and its proximity to
an edge. The characteristic dimension for local load effects, «, is defined as the least of 0,25, 0,2d or h.
See Table D.10.

Table D.10 — Local load effect factor

Case h Area Proximity to &
m edge
Positive pressures
. all < 0,2542 anywhere 1,5
Windward wal
Negative pressures
Roof edges and downwind roof surfaces near all <0,2542 <054 2,0
ridges, o> 1(° <a? %q 1,5
Negative prespures
Side walls negr windward edges 95 <0,2542 <0,5a 2,0
<
<d? <a 1,5
<0125 a? <0,54 3,0
> 25
<d? <a 2,0
<d? >a 1,5

All other areas

All

1,0

D.10 The

Due to the tu
varying in am
to Clause D.§
approximate

pressures on

moment). Thi

The first step
in the case of]
that force, or

LRC method

rbulent nature of the oncoming flow, wind-induced actions on structures are highly flucty
plitude and frequency. The pressure coefficients and load effect factors presented in Clau
D generally produce Joad distributions for design that are conservative and represen
vorst-case pressure_distributions. From the almost infinite number of possible distributi
a structure, the lgad-response correlation (LRC) method allows for the identification of eff
pressure distiibutions that lead)to extreme actions (drag or lift) or action effects (internal forces, e.g. bd

5 clause presents the LRC method followed by an example in Clause D.11.

is to specify for each contributing pressure, p;, a weighting factor or influence factor, a;, w
a global force like drag and lift simply the contributing area of the pressure, p;, in the direc
nthe case of an internal force is the respective structural response to a unit load at the p

Of pl

ating,
se D.6
t only
bns of
ective
ending

hich is
tion of
Dsition

The effective distribution is obtained as the mean pressure distribution plus a weighted rms contribution using

Equation (D.4

Cpi, eff = Cpi, mean t &r X Prp, xcpi, rms

where

Cp;,mean i the mean pressure coefficient;

Cpi,rms

28
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is the rms-pressure coefficient;

(D.4)
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g is the peak factor for the response under consideration.

is the correlation between the pressure at i and the response under consideration;

The peak factor for the response under consideration is obtained from an appropriate fractile value, e.g. the
80 % fractile, of the extreme responses using Equation (D.5):

g

Rmean £0,7Rims — "mean

r =
"rms

wherg

=

The n

The m

]

mean IS the mean value of extreme response;

ms I8 the rms value of extreme response;

Thean IS the mean value of response;

ms is the rms value of response.
bgative sign in Equation (D.5) is used in case of negative presstire coefficients.
ean and the rms value of the response are obtained using’Equation (D.6):

mean = Zai x Cpi, mean

Y

ms = Zzaixajxppipj ><Cpi,rmsxcpj,rms
[ |

Ttnean is the mean value of.the response;

"ms is the rms value ‘of the response;

di is the weighting factor;

(p;, mean is the mean value of the pressure coefficient;

(o, mms( " is the rms value of the pressure coefficient;

Poip; is the correlation between pressure, i, and pressure, ;.

The correlation between the pressure at i and the response is obtained using Equation (D.7):

Z”J'pripj X Cp),rms
j

Prp; = jA

2.2 aixa X Pppp; % Cpj,rms X Cpj,rms
i

© 1SO 2009 - All rights reserved
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D.11 External pressure coefficient, Cp, e for flat and gable roof buildings for wind

normal to the ridge line

In this clause, simultaneous pressure coefficient distributions and non-simultaneous pressure coefficients
derived from the LRC method are presented for the centre bay of flat and gable roof rectangular buildings with

the following geometry:
bldlh=133/1/0,5
where

b is the dimension in across wind direction;

d is the¢ dimension in along wind direction;

h is the ridge height.

Simultaneous| pressure distributions are given in Figure D.2. They have been derived ‘t6' reproduge the
80 %-fractile ¢f the extreme drag on the building and lift on the roof. They can be used-as approximatigns for

calculating thé extreme forces in the load-bearing structure (main frame).

For intermediate roof slope, ¢, linear interpolation can be applied. As reference pressure, the 3-s gust velocity

pressure at mean roof height is used.

30
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Figure D.2 (continued)
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Figure D.2 — Simultaneous pressure coefficient distributions for flat
roofs and gable roofs for overall loads

Table D.11 summarizes the pressure coefficients for the local wind-induced actions. For different positions
along the centre bay of the roof, two extremes (max. and min.) in terms of the 80 % fractile are specified.
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These extremes will not occur simultaneously. For intermediate position, x/d, and intermediate roof slope, ¢,
linear interpolation can be applied. As reference pressure, the peak velocity pressure at ridge height is used.

Table D.11 — Non-simultaneous pressure coefficients on flat and gable roofs for local load effects

c o 0° 15° 30° 45° 60 ° 75°

§e)

(@]

g x/d max min max min max min max min max min max min

- 0 0,20 {180 | 0,30 | -090 | 0,70 | -0.,25 1,00 | -0.10 1,15 | -0.05 1,10 0

c

% [ 033 | 020 | -080 | 005 | -0,40 | 040 | 025 | 075 | 0,15 | 1,05 | -0,10~{711,15 0

=]

0,5 0,20 | -0,60 0 -1,10 | 0,10 | -040 | 0,30 | -0,35 | 0,55 | -0)25 D,90 | -0,15

T 0,5 0,20 | -0,55 0 -1,60 0 -0,55 0 -0,60 0 -0,65 0 -0,65

§ 0,75 0,20 | -0,55 0 -0,50 0 -0,65 0 -0,70 0 -0,80 0 -0,80

S 1 0,20 | -0,45 0 -0,35 0 -0,75 0 -0,85 0 -0,95 0 -1,00
NOTE The reference value is peak velocity pressure at ridge height.
D.12| Aerodynamic force coefficient
The aerodynamic force coefficient, Cg,,, is an aerodynamic’wind-induced force expressed as |a ratio of the
aerodynamic force exerted on a structure, or its parts,“to a reference dynamic pressure multiplied by a
reference area, and in this clause refers only to a mean*(time-averaged) wind action.

. F

l.e CFm = m

9site, mAref

The agerodynamic force coefficient can be obtained from wind tunnel measurements or suitable

such
Figure
fence

These

D.4 for a free roof, Figure D-5 for lattice structures, Figure D.6 for wind normal to the cent
and Figure D.7 for sectional force coefficients on structural components.

are limited examples and shall not be applied outside the scopes noted.

references to

measurements. Some illustrative values are given in Figure D.3 for a building with a cifcular section,

e section of a

© 1SO 2009 - All rights reserved
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CFm = 1,2 k1 kzkz

< d .
where B o
kq is the factor for aspect ratio; )
1 P ]
k, is the factor for surface roughness;
k, s the factor for vertical profile. |:> h
z
A
| <
Factor for aspect ratio k4
hd <A1 1<hd<8
0,6 0,6 (h/d)014
Factor for surface roughness k,
smooth surface 0.75
(metal, congrete, flat curtain walls, etc.) ’
rough surfage (1 % relative roughness, 09
rough curtaln walls, etc.) ’
very rough surface 1
(5 % relativg roughness)

Factor for vertical profile i,

z<0,8h | z>0,8h

(z/h)2A ‘ 0,828

Key
d building dia

meter, expressed in metres

h  reference height, expressedsin metres

B power-law

gsite, m IS taken
Avref ishd

ndex of mean‘wind speed profile

at the top'of'the building

Figure
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leeward roof Cr

roof pitch windward roof Cr
a(°) positive negative positive negative
-30° < o< -10° 0,7+0,01x -0,6 + 0,03« 0,05-0,025x -1,2-0,03x
-10°< < 10° 0,6 -0,9 0,3 -0,9
10° < < 30° 0,3+0,03x -1,15+ 0,025« 0,3 -0,6 - 0,03«
CrL

CFu {

DRI

h  mean roof height, expressed in metres

o rqof pitch, expressed in degrees

is the relevant roof area. g, , is taken at the top of the roof. Pesitive indicates downwards.

Figure D.4 — Force coefficient for free roofs with no blockage underneath
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i) Square plan

q:x‘T———T = / \>3
—"—<L———<L 6\ /

solidity ratio angle circular pipe angle circular pipe
@
0 3.8 23 4.4 25
0,5 1,9 1,4 23 1,7
0,6 1,9 1,4 23 1,7

i) Triangle pjan

~N v
solidity ratio angle circular pipe
4
0 3,8 2,3
0,5 1,9 1,4
0,6 1,9 1,4

The solidity rptio, ¢, is.defined by ¢ = 4/ 4,

where

A is theprojection area per panel ( By mey;

Ay is the whole plane area (=bhg) (M?).

Aot is the average diameter or breadth of a section of tower members multiplied by their individual lengths on
one face projected normal to that face. Linear interpolation is permitted for values of solidity ratio, ¢, other
than shown.

The force coefficients given are for circular cylinders in sub-critical Reynolds number flow conditions, defined
by member diameter (m) multiplied by wind speed (m/s) being less than 3,0. Force coefficients at
super-critical Reynolds number flow conditions shall be established from contemporary literature, or measured,
as they are dependent on surface roughness and turbulence as well as Reynolds number.

Figure D.5 — Sectional wind force coefficients for lattice structures
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Solidity ratio
(4 CFm
0 1,2
0,2 1,5
0,6 1,7
>0,9 1,2
(solid fences included)

|

=)

(YL LY LY LY

The ddfinition of solidity ratio, ¢, is the same as that in Figure D.5.

Linear|interpolation is permitted for values of solidity ratio, ¢, other than shown.

A, is fence height, /, multiplied by the solidity ratio, ¢, and by the length of the fence.

Figure D.6 — Wind force coefficients on the centre section of afence on the groyind

© 1SO 2009 - All rights reserved
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(1
CY CY CY
Cy A A .
A
. A | Cyx
Q E CX [T
= o oy X “y 0
y X b

X 0 Cx Cy 0 Cx Cy 0 Cx Cy

2 g2 24 8 62 24 8 62 24 0
45° 1,6 1,6 45° 1,6 0,7 30° 2,1 0,2

90° 0 0,8 60° 0,7 1,1

(1) Do not interpolate, seek further reference for other rectangular width to depth ratios
A C
i 1
Q| — >Cy Q Cy A
S | o ¥ - Cx
< Y
b/2 b/2
- —

0 % Cy 0 Cx Cy é Cx Cy % Cx Cy
0° 1.2 0 0° 1,1 0 0° 2,0 0 0° 1,9 2,2
45° 0.8 0,8 45° 0,8 0;7. 45° 1,8 0,1 45° 2,3 2,3
90° 0.6 0,5 90° 0,9 0,5 90° 0 0,1 90° 2,2 1,9
135° .7 0,6 135° -2,3 0,6 135° -1,9 -0,6
180° 2,3 0 180° +2,5 0 180° -2,0 0,3

225° -1,4 -1,4
A is widthl b, multiplied by, tnit length.
Figure D.7 — Sectional wind force coefficients for structural components
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CY CY
Q CX Q Cx
%, e,
b/2 b/2
—B>
0 CX CY 0 CX CY 0 CX CY
0° 2,0 1,1 0° 21 0 0° 2,6 0
45° 23 1,1 45° 21 0,6 45° 2,0 0,8
90° 1,8 0,8 90° +0,6 0,7 90° +0,6 0,8
135° -1,7 0 135° 1,6 0,6
180° -2,0 0,1 180° -2,0 0
270° 0,6 -0,8
315° 1,2 -0,2
Cy
27“_
— E—»Cx Q
Solidity ratio
@ Cx
0 2
0,2 2
0,6 2,7
%0,9 >
(solid¢plate included)
The afea for calculating the wind loads is b/¢ (I = net length).
The dgfinition~of solidity ratio, ¢, is the same as that in Figure D.5.
Linear interpolation is permitted for values of ¢ other than shown.

NOTE C,and Cy correspond to Cg,.

Figure D.7 (continued)
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Annex E
(informative)

Dynamic response factors

E.1 General

This Annex gresents procedures recommended for determining the dynamic response factors, Cgf, and
Cayn, m- referred to in Clauses 6, 10 and 12 of this International Standard. The dynamic response factor} Cyyp,
is the ratio pf the maximum loading effect to the dynamic loading effect obtained by assuming tYwe
quasi-steady pondition based on the site peak velocity pressure. The mean dynamic responsefactor, Gy r, m
is the ratio of the maximum loading effect to the mean loading effect incorporating thesite mean velocity
pressure, whigh is identical to the original definition of the gust loading factor by Reference {11].

They take intg account the dynamic (i.e. fluctuating with time) action of:

— random Wind gusts acting for short durations over all or part of the structute;

— fluctuating pressures induced by the wake of the structure, including.vértex shedding forces;
— fluctuating forces induced by the motion of the structure due to wind.

These forces fact on the external surfaces of the structure as awhole or on cladding components and can also
affect internal surfaces. They act longitudinally, laterally or.{orsionally and can be amplified by resonapce of
the structure at one of its natural frequencies.

All structures| are affected to some degree by these forces. The total response can be considered as a
superposition|of a “mean” component due to thexmean wind force, a “background” component, which acts
quasi-statically without any structural dynamic magnification, and a “resonant” component due to exditation
close to a natural frequency. For the majority~of structures, the resonant component is small and the dynamic
factor can be|simplified by considering the)background component only by using normal static methods. For
structures that are particularly tall or_long, slender, lightweight, flexible or lightly damped, the regonant
component can be dominant. Criteria)are suggested in Clause E.2 to determine when the dynamic effgcts of
the resonant gomponent can be significant.

This annex first discusses the\procedures and methodologies recommended for estimating the mean dynamic
response factor, Cyy, ,, Dased on the site mean velocity pressure, ggjte - Then, the peak dynamic response
factor, Cyy,, Based on.the site peak velocity pressure, g, is discussed in Clause E.4.

A general exgression for the maximum or peak loading effect, 7, is Equation (E.1):

W=Wyq,+8guwOw (E.1)
where

W,

m is the mean load effect;

o,, is the standard deviation of the load effect;

w

gy s a statistical peak factor for the load effect.
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According to this expression, the mean dynamic response factor can be identified as Equation (E.2):

Ceynrm :Wﬂzn—gwaw L if W 20 (E.2)
m m

The form of the fluctuating wind loading effect, g, varies with the excitation, whether due to gusts, wake
pressures or motion-induced forces.

The general expression for the equivalent static wind load is given in Equations (E.3) and (E.4):

Floc =4site, meCdyn, mA (E.3)

K = qsite, mCFmCdyn, mAref (E4)
wherg

dsite, m is the site mean velocity pressure;

G and Cg,, are the pressure coefficient and mean force coefficient, respectively;

o

dyn, m is the mean dynamic response factor based on the;site mean velocity pressure;

Aland 4 are the area of application and projected area-normal to the wind direction of the building at

height, z.

ref

E.2 Classification of structures

E.2.1| Rigid structures

The fundamental natural frequency of a rigid building is high enough that the resonant component of the
dynamic response is negligible. Therefore, the equivalent static wind load consists of the meap component,
F,,, and the background component, Fg.

Wind pressures acting on/distant positions on the surface of a general building lose correlation| and the size
reduction effect should petaken into account in the estimation of the background component, Fg

E.2.2| Dynamically sensitive structures

A flexjble structure such as a tall building or a long-span roof is generally vulnerable to wind, and the resonant
compénent of its dynamic response is not negligible. Therefore, the equivalent static wind load gonsists of the
mean|cemponent, F,,,, the background component, Fg, and the resonant component, Fg.

For the along-wind excitation of buildings, a criterion for assessment of sensitivity to resonance is

[Rn]z < constant (E.5)
Bp

RD/BD is evaluated by Equations (E.25) and (E.26). A suitable value for the constant is 0,3.

Flexible and slender buildings vibrate not only in the along-wind direction but also in the crosswind direction,
mainly due to vortices shed from the structure, and the torsional response cannot be ignored either.
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The condition in Equations (E.6) and (E.7) is an example of the criteria of structures with a rectangular cross-
section where the crosswind and torsional responses need to be examined.

% > constant (E.6)
and
% > constant (E.7)
where
h ig the height of the structure;
b ig the breadth of the structure (horizontal length normal to the wind direction);
d ig the depth of the structure (horizontal length parallel to the wind direction);
AT ig the lowest natural frequency of the crosswind or torsional vibration;
Vsite, m 1§ the site mean wind speed.
A suitable vallie for the constant in Equation (E.6) is 3, and in Equation-(E.7) is 0,4.
Roofs are subject to separated flows from the windward eaves;and the characteristics of wind loads or} roofs

structural frames of a building with a long-span roof. The resonant component of the roof wind load be¢omes

are different r]:rom those of horizontal wind loads. The roof wind load can govern the entire behaviour |of the
predominant Winder the following condition:

Vsite, m

constant (E.8)
JRA
where

Jr s the first mode naturalfrequency of the roof.

An appropriate value of the.eonstant in (E.8) is 0,7. It is recommended that the roof wind load be estimated
using a formpla similar to<Equation (E.4) reflecting the dynamic behaviour of the roof structures in Cdyn'
Reference [17] shows anyexample of a closed form expression of the roof wind load.

E.2.3 Partigularly wind-sensitive structures

Particularly wind-sensitive structures with light weight and low damping, e.g. chimneys, masts, monumental
towers, long-span bridges and members of space structures, can produce a significant vibration due to the
periodic vortex shedding enhanced by the structure's motion or aeroelastic instability.
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E.2.3.1 Rectangular cross-sections

For tall slender buildings with a rectangular cross-section satisfying both of the following conditions, special
treatment for vortex resonances and aeroelastic instabilities such as consultation with experts and
performance of wind tunnel tests is necessary:

h

—— > constant

and

bd

~

wherg

~

~

The ¢

For cn

el

For to

el

wherg

=~

g

A suit
Equat

hcr = Isb’/site,m

her is the critical wind speed for crosswind or torsional aeroelastic instability;
site. m IS the site mean wind speed.

itical wind speed in Equation (E.10) is given as Equations (E.11)yand (E.12).

psswind aeroelastic instability:

her =V Ler/LVOd

Fsional aeroelastic instability:

hor =V Tor/TVbd

respectively;

ons (E.11) and\(E.12) are shown in Table E.1 and Table E.2.

© 1SO 2009 - All rights reserved

L and f7 are the first mode natural frequencies of crosswind and torsional vibration.

(E.9)

(E.10)

(E.11)

(E.12)

Ler @and V 1o are the reduced critical velocities for crosswind and torsional aeroelastic instabilities,

Able value for theCeonstant in Equation (E.9) is 4. Examples of appropriate reduced critical velocities in

43


https://standardsiso.com/api/?name=dc0ff8f4b59a4d8211a4a8cac2ce6f2b

ISO 4354:2009(E)

Table E.1 — Reduced critical wind speed, 7., for crosswind aeroelastic instability of structures
with a rectangular cross-section (Reference [17])

Terrain category Side ratio Scruton number Reduced critical wind speed
d/b SC 2 VLcr
Sc <26 0,425,
d/b<0,8
Sc>26 11
0,8<d/b<15 Any S. 0,0325,-+7,3
Sc<7,b 23
Open couptry
1,5<d/b<25 7,5<85,<30 12
Sc>30 04S¢
Sc<15 3,7
d/b>25
Sc>15 Stable
d/b<0,8 0,128, +6,7
Urban arga 0,8<d/b<12 Any Sc 0,0195. +8,8
d/b>12 11

vibration; m, is fhe mass per unit height of the structure; and p is the air density.

a The Scrutpn number is defined as S = 47rg”str’Lmh/(pbd). Here, (g 1"is the damping ratio for the first mode crosswind

Table E.4 — Reduced critical wind speed, ¥, for torsional aeroelastic instability of structures

with a rectangular cross-section (Reference [17])

Sid¢ ratio Inertial moment-damping parameter, &1 @ Reduced critical wind speed, VFcr
/b
&t <0,05 2
d/bl < 1,5 0,05<¢67r<0,1 11
&r>0,1 Stable
&1 < 0,05 2
1,5< (/b <2,5 0,05<¢7<0,15 4 +8¢&5
&r>0,15 8,6 +7,4 57
¢{r <0,05 2
2,5<d/b<5
§T> 0,05 5+10,5§T

a The inertial moment-damping parameter is defined as {1 =g 7 (b2 +d? mr:/(Sprzdz . Here, {1 is the damping ratio for
the first mode torsional vibration; my, is the mass per unit height of the structure; and p is the air density.

NOTE Table E.2 is not applicable to buildings with a side ratio of d/b>5.
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E.2.3.2 Cylindrical structures

For slender, free-standing cylindrical structures with a circular cross-section satisfying the following conditions,
the vortex resonance shall be checked as given in Annex F:

% > constant (E.13)
and

Vher <19V site, m (E.14)
wherg

D is the average diameter over the top third of the free-standing structure;

Mo  is the critical wind speed for vortex resonance;

Vkite, m 18 the site mean wind speed.

The cfitical wind speed for vortex resonance in Equation (E.14) is given/as Equation (E.15):

D
her :J;L_r (E.15)

=

where
St is the Strouhal number, and can be used as 0,2 for circular cylinders.

A suitgble value for the constant in Equation (E.*3) can be between 6 and 7.

E.2.3.3 Long-span bridges

For Igng-span bridges satisfying-the' conditions in Equation (E.16), special treatment is requjred either by
consuftation with experts or by wind tunnel studies.

Yher < 115Vsite, m (E.16)
where
e isithe critical wind speed for aeroelastic instability;

Vit 1s the site mean wind speed.

Unless alternative rational procedures are available, the critical wind speed, ¥}, in Equation (E.16) can be
calculated from Equations (E.17) to (E.20).

For flutter (Reference [15]):
Vior = 2.5/obg (E17)
For galloping (Reference [15]):

Vher =40 /b (E.18)
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For vortex-ind

uced response of bending mode (References [16] and [12]):

Vher = 2,0 fhbg (E.19)
For vortex-induced response of torsional mode (References [16] and [12]):

Vher =13/ 9bg (E.20)
where,

fo is the natural frequency of the first torsional mode of the bridge;

o is thrL natural frequency of the first bending mode of the bridge;

bg

Galloping car
ratio, bB / db’
Vortex-induce

E.3 Dynan

E.3.1 Along

The equivaler

Crm» Which represents the mean wind force distribution. ‘Regarding the spatial distribution of the equ

static wind |
component, &
formula propd
not easy to d
the wind load

Reference [1
background c
inertial load.

by Equation (

Cdyn,m 3

is the width of the bridge section (horizontal length of the section).

take place for solid steel girders whose width, bg, to depth (vertical length’ of the sectio
is less than five when turbulence intensity is small enough, such’ as for sea

nically sensitive structures

-wind response
t static wind load distribution given by Equatien/(E.4) is proportional to the wind force coef

pad, different distributions are recommended for the mean component, the backg
nd the resonant component (References [13] and [19]). The load-response correlation
sed by Kasperski (1992) is a veryuseful tool for estimating the quasi-static component, b
bvelop the formula into a generic form available in codes or regulations. It is recommends
distribution for the resonant component be proportional to the inertial load.

O] proposes the use of _the same wind load distribution as the mean component f
pmponent as an expedient way, although the resonant component should be proportional
A\ccordingly, for dynamically sensitive structures, the mean dynamic response factor expr
E.2) can be writtehras Equation (21):

2002 . 2 p2
1+2Ivh\/gDBBD+gDRRD

:1+\/G§+GF2<

where

I

Vi

n is the turbulence intensity of wind speed at the reference height given in Annex C;

Bp is the background response factor for the along-wind base bending moment;

Rp is the resonant response factor for the along-wind base bending moment.

46

n), dy,
vinds.
d vibrations are possible for solid girders when turbulence intensity, is"small. The formulae are
based on many wind tunnel test results for long-span bridges (see References [15],'[16] and [12]).

icient,

valent

round

(LRC)
ut it is

d that

br the

to the

essed

E.21)

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=dc0ff8f4b59a4d8211a4a8cac2ce6f2b

ISO 4354:2009(E)

Gg and Gg in Equation (E.21) are the dynamic response factors for background and resonant components,
and given as Equations (E.22) and (E.23):

Gg =2IyngpeBp (E.22)
~21hgyBp
Gr =2IyhgprRD (E.23)
where

gpg_is the peak factor for the background component, and can be equated to the peak factor, g,, for the
fluctuating wind speed, with 3,4 as an appropriate value;

gbr s the peak factor for the resonant component, which can be calculated using Equation (E.24):

_ 0,577 2
4R —\/2ln(vT)+—m (E.24)

wherg

| is the cycling rate of the vibration and approximated by-thie first mode natural frequency of the
along-wind vibration, fp;

Tl is the averaging time for the site mean velocity pressure.

For ta]l structures cantilevered at the base, such as tall buildings, chimneys and towers, the quantities B and
Rp arg to be determined by an appropriate method based on the maximum base bending moment.

An expmple of the closed form expressions of B and Rp is shown as follows:

- 140,28 (E.25)

0,56
0,63 ( Jbh J

vh

)

s

1+

and

>

5 =(1+o,6ﬂ)%K\/éEDs(o,57-0,35ﬁ+r) (E.26)

wher

B is the power law exponent of mean wind speed profile given in Annex C;

b s the breadth of the structure;

h is the reference height (mean roof height);

L,y is the turbulence scale at the reference height given in Annex B;

y is a constant, of which appropriate values are 0,15 for 4/b <1; and 0,07 for 2/ b > 1;

K is the mode correction factor given in Equation (E.27);
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{p is the damping ratio for the along-wind vibration;
Ep is the spectral energy factor given in Equation (E.28);
S is the size reduction factor given in Equation (E.29);

r is the factor representing correlation effects of the windward pressures and the leeward pressures
and is defined in Equation (E.30).

The mode correction factor and other parameters in Equation (E.26) can be given using Equations (E.27) to
(E.30):

K =0,271k+0,73 E.27)
4(£DLvh ]
site,m
Ep= S1576 E.28)
1470,8| /olwn
site, m
S 0.9 E.29)

2
14p| SO | 1445 Job
Vsite, m Vsite, m
2,/0,053 0,042

r= E.30)
1+30| /00
Vsite, m

where
SV
k ig the mode shape power exponent for the first mode of the vibration expressed as ¢;, = (Z ;
N> ig the first mode natural frequency of the along-wind vibration;
Vsite,m 1§ the site pagan wind speed.

NOTE Th¢ spéctral energy factor expressed by Equation (E.28) is based on the Karman type wind spectrum.

The above closedform expressions are given as an exampie of the mmean aymnamic Tesponse factor based on
the maximum base bending moment (Reference [19]). A more sophisticated method is given in Reference [13]
for different load effects such as shear force and bending moment at any height.

The background component, Fg, of the equivalent static wind load per unit height at height, z, is given using
Equation (E.31):

Fg =GgFpy

(E.31)
= Gquite,mCFmb
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F,, in Equation (E.31) is the mean wind load per unit height at height, z, which can be calculated from
Equation (E.4) by setting Cdyn,m =1and A =b as follows in Equation (E.32):

Fin = 4site, mC rmb (E.32)

The resonant component, Fg, of the equivalent static wind load per unit height at height, z, is given using
Equation (E.33):

k
z
Fr =(2+k)4gsite, Cm (Zj Grb (E.33)
where
(v is the mean along-wind base bending moment coefficient defined by CM:Lz’ and can be
determined from the pressure coefficients given in Annex D; qsite,mh "D

=

[ is the mean base bending moment due to the mean wind load distribution, F,,.

An exmple of an empirical formula for the mean along-wind base moment:coefficient for rectangular prisms is
given [n Equation (E.34):

o

i =0.7(1-0,14/)(1-0,48) (E.34)

fqgrd/b>3 use d/b=3

where

b| is the windward face depth;

d| is the streamwide face depth;

Al is the power law index of mean wind speed profile.

Combining the load effects dug to’the mean, the background and the resonant wind load cormmponents, the
maxinpium or peak along-wine-loading effect, 7, is given as Equation (E.35):

W = Wi, + WiV (E.35)

wherg

., is themean load effect due to the mean wind load component, F,,,, given using Equatior| (E.32);

Wgis the 1oad effect due to the background wind foad component, Fg, given using £quation (E.31);

W is the load effect due to the resonant wind load component, F, given using Equation (E.33).

E.3.2 Crosswind response

The crosswind equivalent static load per unit height at height, z, of a tall building with a rectangular
cross-section, F| , should be estimated by a similar formula to Equation (E.4) based on the site mean velocity
pressure using Equation (E.36):

FL = 4site,m (CFmCdyn, m)l_ b (E.36)
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Equation (E.37) can be used to give the product of the aerodynamic shape factor and the mean dynamic
response factor (CFmCdymm)L (Reference [17]):

k
1] Z 2
(CFmCdyn,m)L =3C L(;) g1+ R}

where

dsite. m 1S the site mean velocity pressure;

(E.37)

C'L is the standard deviation of the crosswind base bending moment coefficient given by

(

7

b

oML

=

8L

g

ig

b

<
o =

ig

g

~

ig

g

=
=z

~

b

9

g

E,

q

b

gL

Equation (E.J
bending mom

C'L = 0,(

ig the mode shape correction factorigiven as Equation (E.27);

[ =L'-2, and an empirical formula is given in Equation (E.38);

9site, mh”b

the standard deviation of the crosswind base bending moment;

the peak factor of the crosswind base bending moment)~and is give

L =+/2In(vT) +%;

the cycling rate of the vibration and is approximated by the first mode natural frequency
Fosswind vibration, f ;

the averaging time for the site mean velocity pressure;

the resonance factor for the crosswind base bending moment, and is given as R| = K\/%
[(

the crosswind force spectrum:coefficient given as Equation (E.39);

the damping ratio forthe-first mode of crosswind vibration.

8) gives an example of an empirical formula of the standard deviation of the crosswind
ent coefficient/~C"| (Reference [17]):

3 2
oaz(ij -0,07(1] 10222
b b b

of the

A
— |l_

base

E.38)

where

b is the breadth of the structure;

d is the depth of the structure.
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The crosswind force spectrum coefficient, E|, generalized for a linear mode shape can be obtained by the
high-frequency force balance test in a wind tunnel. lts empirical formula is given as a function of the side ratio,
d/b, the aspect ratio, i/b, turbulence intensity, 1, and so on. Equation (E.39) gives an example of the
empirical formula of E| (Reference [17]):

n 2
4xj(1+0,68;)Bj 2

C )T aga)

[ \sj) J \sj) |

(E.39)

Iy
.
1
1M

wherg

S

|1, for d/b<3
12, for d/b >3

#;=085 and K, =0,02

_ 0,12 Vsite,m
fls1_ 5 0,89 b
d
{Ho,ss(]}
b
Hoo = 0,56 Vsite,m
52 10,85 b
b
4 2
d d
- 2’3 -
(bj " [bj 0,12
(i a\t a)® % d Ta
2,4U _9,2(] +1SU v959 015
b b b b
0,28
Ao =

i 0,34
b

Thesq expressions for estimating crosswind loads are valid for tall buildings having a uniforin rectangular
sectiop from'the bottom to the top with a side ratio, d/b, ranging from 0,2 to 5, constructed in urban area, when
wind is"normal to the front face. These expressions are also valid only for the building with ai aspect ratio,
hl</bd, ranging from 3 to 6. If the aspect ratio or the side ratio is outside the above ranges, or if the building is
constructed in an open flat terrain or a seaside, a special investigation such as a wind tunnel test is
recommended to obtain more suitable information.

E.3.3 Torsional response

The torsional equivalent static wind load, i.e. torsional moment, per unit height at height, z, of a building with a
rectangular cross-section, My, should be estimated based on the mean site velocity pressure as follows:

2
M+t = qsite,m (CFmCdyn, m )T b (E.40)
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where Equation (E41) gives the product of the aerodynamic shape factor and the mean dynamic response
factor (CFmCdyn,m)T (Reference [17]):

k
(CFmCdyn,m)T =3C'T[%j ng

where

(E.41)

C't is the standard deviation of the torsional moment coefficient at the base of the structure given by

cH

:%, and an empirical formula is given in Equation (E.42);
qsite,mhb

omt is the standard deviation of the torsional moment at the base of the structure;

gr is
T

v is {
tors

:1/2In(vT)+ﬂ'

2In(vT)

he cycling rate of the vibration and is approximated by the“owest natural frequency
ional vibration, f7;

T s the averaging time for the site mean velocity pressure;

Ry s the resonance factor for torsional base moment of the structure, and is given by Ry = K\/%

K is thhe mode shape correction factor given'by Equation (E.27);

E; s the torsional moment spectral energy factor,

¢t s the damping ratio for the fitst mode for torsional vibration.

Equation (E.4
coefficient, C

=

o

2) gives an example-of an empirical formula of the standard deviation of the torsional m
T (Reference [A]):

2 0,78
d
003 4 6,007 8(3) }

the peak factor of torsional moment at the base of the structure,”'and is giveén as

of the

bment

E.42)

Equation (E.43) gives an example of an empirical formula of the torsional moment spectral energy factor, E,
generalized for a uniform mode shape (Reference [17]):

0,14 J%(VT) d(b2 +d2)2

2p57

ET:

52

V1 <45 and 6 <V7 <10
P 12b3 T T

E Ve N
E4=expl|3,5In| —8 |In| L 45<V+ <6
o p[ [E4.5] (4’5]] T

(E.43)
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where

* V I
yp=—S1M s the reduced mean wind speed;

fry/(bd)
l is the larger of b and dj

E45 and Eg are the values of Et at V*T =4,5 and 6, respectively, using the first equation for E;

—I,I£+U,3I .
L +0,17 V1 <4,5
(dj 10,859 133
b b
e p
00775016 445 )
—* +77+0,095 6<Vr <10
9 09691042
b b
d
—+3,6
b +0’14+0,14 V<45
d\? _.d d
Ll -51%491
b b
By =

d 2
0,44(17] —-0,006 4

4 2
(dj —0,26(dj +0,1
b b

The apove expressions are valid for tall buildings with an aspect ratio, h/,/(bd) ranging from 3 tp 6 and a side
ratio, /b, ranging from 0,2 to 5 constructed in an urban area. These expressions are also valid only for a
reduced wind speed VT <10 . Theymass distribution along the vertical axis is assumed as almpst uniform. If
the agpect ratio or the side ratio iS outside the above ranges, or if the structure is constructed ip an open flat
terrair) or a seaside, a specialinvestigation such as a wind tunnel test is recommended to obtain|more suitable
information. Special attention is paid to torsional vibrations for structures with a large egcentricity, an
asyminetric plane, or asmall torsional rigidity.

+0,2 6<Vt <10

A mofe accuratecestimation can be made by using wind tunnel data directly. An example is [the 3-D Gust
Loading Factorfor estimating dynamic load components in three directions based on an aerodyhamic loading
databsse (Reference [20]). The aerodynamic loading database can be obtained from high-frequency force
[ i models. The
nel data. An
Irements on a
host of |solated taII building models is acce33|ble to the worldwide internet communlty at some authonzed web
sites (Reference [20]). Users can select the geometry and dimensions of a model building from the available
choices and specify an urban or suburban condition.

E.4 Methodology based on peak velocity pressure

The methodology given in this clause should be used for response calculations based on the site peak
velocity pressure, g, calculated according to Equation (4) in Clause 7.
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E.4.1 General expression of equivalent static wind load

The equivalent static wind load based on the site peak velocity pressure is given as Equations (E.44) and

(E.45):

Fioc =g

teCpCdynA

F= qsiteCFCdynAref

where

(E.44)

(E.45)

9site

Cp and (

Cdyn

4 and 4

The peak dyn
using Equatio

Cdyn =7

—_

where

gy s the peak factor for the fluctuating wind speed; with 3,4 as an appropriate value (see Annex B);

I

\
For the rigid

reduction effe
rigid structure

E.4.2 Along

The peak dyn|

—_

is the site peak velocity pressure;

- are the pressure coefficient and force coefficient, respectively;

=

height, z.

h (E.46):

Cdyn,m
+2gyIyn

n is the turbulence intensity of wind speed-at-the reference height, given in Annex B.

as stated in Clause 12.

-wind response

2, 2 2, 2
+vah\/gDB Bp“ +gpr“Rp

Cdyn =

is the peak dynamic response factor based on the site peak velocity pressure;

are the area of application and projected area normal to the wind direction of the building at

amic response factor, Cy ,, can be expressed by the mean dynamic response factor, Gy, m,

E.46)

structures discussed in E.24,the value of Cdyn is generally less than unity due to thg size
ct. However, the peak dynamic response factor, Cdyn, can simply be taken as unity for g small

amic response factor, Cayn: is given as Equation (E.46) which can be written as Equation (E.47):

E.47)
1+2gy1yh
where gpg, Bp, gpr and rp are defined in E.3.1 [Equations (E.24), (E.25) and (E.26)].
The peak along-wind base bending moment is given as Equation (E.48):
h
(E.48)

M = CdynJ.qsite Cebzdz
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