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Introduction

This International Standard is intended as a model to be used as guidelines
for drafting national standards. The data in the annexes are only examples
and are not intended to be complete.
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Wind actions on structures

1 Scope

This Interpational Standard describes the actions of wind on structures and specifies methods [for calculating
-characteristic values of wind loads for use in designing buildings, towers, chimneys; bridges and other structures, as
well as their components and appendages. The loads are suitable for use in ‘conjunction with 1ISO 2394 and other
International Standards concerned with wind loads.

Structureq of an unusual nature, size or complexity (e.g. suspension bridges and guyed masts) may|require special
engineerirjg study; some guidance is given on the limitations of this International Standard in these cdses.

2 Normative reference

The folloying standard contains provisions which, through reference in this text, constitute prdvisions of this
International Standard. At the time of publication; the edition indicated was valid. All standards |are subject to
revision, and parties to agreements based-'on this International Standard are encouraged to |nvestigate the
possibility|of applying the most recent edition“of the standard indicated below. Members of IEC anl ISO maintain
registers gf currently valid International Standards.

ISO 23941—1), General principles on réeliability for structures.

3 Symbols

Symbol Quantity Unit
A area m2
Asg cross-sectional area m2
Ag/A solidity ratio 1
a decay coefficient 1
ap peak acceleration m/s2
B background response factor 1
b breadth of structure m
Caer aerodynamic damping coefficient 1
Cp drag coefficient (force coefficient in the along-wind direction) 1
Cdyn dynamic response factor 1

1) To be published. (Revision of ISO 2394:1986)
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Symbol

Coxp
Cexp, mod
G

Cfig

Ciig, ext
Cfig, int

href

ax

Quantity

exposure factor

modified exposure factor

force coefficient

aerodynamic shape factor

external shape factor

internal shape factor

pressure coefficient (time and spatially averaged)
time-averaged local pressure coefficient

orce coefficients for infinitely long member

Hiameter

width of building

horizontal deck load

‘orce on member

raffic loads

vertical deck load

orce on windward girder

‘orce on leeward girder

hatural frequency (first mode)

ptatistical peak factor (for the loading effect)

hill height

height of structure

reference height

height of truss

height of vehicle above truss

height of truss above deck level

turbulence intensity

reduction factor for sharp-edged members
cale factor of the legarithmic law

Ecale factor of the power law

reduction factor

hielding factor

urbulent length

alf)hill length

length of member

length of bridge

length of vehicle

mass

mass per unit length
return period

squared reduced velocity
velocity pressure
reduced velocity pressure

©|SO

Unit

I
N

33333 4«4 a2 a4 aaa+333333 -
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Symbol

dnher

qref
q(N)

ISO 4354:1997(E)
Quantity Unit
critical velocity pressure at the top of the structure Pa
reference velocity pressure Pa
velocity pressure with return period of N Pa
resonant response 1
Reynolds number 1
spectral energy factors 1
Scruton number 1
Strouhal number 1
____averaging time s
wind velocity m/s
critical wind velocity at the top of the structure m/s
peak wind velocity m/s
reference wind velocity m/s
velocity at height above ground, z m/s
wind force N
mean loading effect 1
peak loading effect 1
wind force per unit area Pa
wind force per unit length N/m
distance m
maximum amplitude of structure m
height above ground m
roughness length of terrain m
roof slope °
index of the power law 1
partial safety factor 1
“speed-up” factor 1
mean deflection m
damping ratio 1
aerodynamic damping ratio 1
structural’/damping ratio 1
mass density of air kg/m3
average mass density of the building superstructure envelope kg/m3
root mean square loading effect 1
cycling rate Hz
ratio of the dynamic deflection of the structure at point “I” to the maximum amplitude of the 1
structure
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4 Wind actions

Wind actions which shall be considered in the design of a structure may produce the following:

a) excessive

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

c) repeated dynamic forces causing fatigue or structural elements;

©|SO

d) aeroelastic instability, in which motion of the structure in wind produces aerodynamic forces augmenting the

motion;

e) excessive

5 Wind force per unit area

For the action
from a relation

w = qref Coxp - Ctig* Cdyn

The wind forc

per unit area is assumed to act statically in a direction narmal to the surface of the s

referred to in clause 4 a), b), c) and e), the wind forces per unit area are,’in principle, determined
hip of the general form:

L))

ructure or

element, except where otherwise specified, e.g. with tangential frictional\forces. Both internal and extetnal forces

shall be consi

The effects of

red.

ind from all directions shall be considered.

For some strug¢tures it may be appropriate to represent the wind forces by their resultants. These resultants shall

include along
the wind force

6 Referenc

Velocity pressyre is defined by the expression:

1
‘I—zpalr

The reference
in which the st

nd (drag), crosswind (lift), torsional and overturning actions. Different magnitudes and dist
may be necessary to evaluate the actions described in clause 4 a), b), c) and e).

2

time and annu

may be specified-as varying with direction.

e velocity pressure, gref

ibutions of

-(2)

velocity pressure gyef is normally the specified value of the velocity pressure for the geographical area
uctureis-located. It refers to a standard exposure (i.e. roughness, height and topography),

averaging

| probability of recurrence (or recurrence interval). In some situations, the reference velocitr/ pressure

Analysis procedures and recommended values are given for information in annex B.

In certain cases, critical loading may occur at values of q differing from that specified above. These critical values of
g (with reference to a height &) are denoted gn¢r and are substituted for g,e. These cases are discussed in annex E.
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7 Exposure factor, Cexp

4354:1997(E)

The exposure factor accounts for the variability of the velocity pressure at the site of the structure due to

a) the height above ground level,
bj the roughness o
c) the shape and slope of the ground contours in undulating terrain.

The value of the exposure factor may vary with wind direction.

8 Aerofdynamic shape factor, Ciig

The aerodynamic shape factor is the ratio of the aerodynamic pressure on the surface of the structurg to the velocity

pressure. The latter is normally the product of the exposure factor and the reference-velocity pressur:

applications (when the mean is very small), it may refer to other statistical\measures such as the p

ak pressure or

The aerodynamic shape factor normally refers to the mean (time averaged)value of the pressurea but, in certain

root mean| square pressure. It may refer to a point pressure, a resultanf*or an average pressure ov

ran area. It is

influenced by the geometry and shape of the structure, the exposure, the relative wind direction| the Reynolds

number and the averaging time.

Enclosed ptructures will be subjected to internal pressures determined by the size and distribution of openings and
by any prgssurization, mechanical or otherwise. Allowance should be made for these by combining the aerodynamic

shape facfors for the external pressures with those for thednternal pressures.
Aerodynainic shape factors may be determined from.one of the following sources:
a) annex D;

b) apprapriate wind tunnel tests, as described in annex D;

c) otherfcodes or standards, provided that appropriate adjustment is made for any discrepancies in

averaging time

and exposure from those used in this International Standard, and provided that adequate provisjon is made for

a dynamic response factor.

a) fluctuating pressures due to random wind gusts acting for an interval of time shorter than that

specified in the

averaging time for the reference velocity pressure, and acting over all or part of the surface area of the

structure;

b) fluctuating pressures in the wake of the structures (vortex shedding forces), producing resultant forces acting

transversely as well as torsionally and longitudinally,

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

Information on these effects and appropriate values of the dynamic response factor are given for information in

annex E.
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Resonance may amplify the response to these forces in certain wind-sensitive structures. Such structures are
characterized by their lightness, flexibility and low level of structural damping. Indications of the wind-sensitive
characteristics of structures are provided in annex E.

10 Criterion for aeroelastic instability

For structures affected by wind actions specified in clause 4 d) that cause aeroelastic instability, it must be shown
that the performance of the structure, without further application of the load factor, is acceptable up to a wind
velocity somewhat higher than ver. Unless alterative rational procedures are available, this wind velocity shall be

taken as [y ‘Vef, Where 7y, is the normal partial safety factor and vref i the reference design wind velocity
(corresponding ined i ; ; s

11 Methods of analysis

Two methods or levels of design analysis are recommended in this International Standard'which are reférred to as
the simplified| method and the detailed method. In addition, for certain wind-sensitive structurefs, special
supplementary| studies are recommended.

The simplified method for estimating wind loading is described fully in annex A¢ It provides simplified values of the
exposure factqr Coxp, aerodynamic shape factor Csg and dynamic response. factor Cdyn, consistent with those in
annexes C, D fand E. The method is intended for the design of cladding.of-most normal structures. It can also be
used for the dgsign of the main structural system of structures meetingallthe criteria given in annex A.

For the detailefl method of estimating wind loading, the appropriate_values of the exposure factor, shape [factor and
dynamic respopse factor are given in annexes C, D and E. This\method is principally of assistance in assessing the
dynamic respgnse of the structure, the influence of unusual’exposure, and the characteristics of morg complex
aerodynamic shapes.

Structures serjsitive to wind include those that are-particularly flexible, slender, tall or of light weight. Unusual
geometry may|also give rise to an unexpectedly Jarge response to wind. In these instances, supplementary studies
by an expert i the field are recommended and these may include wind-tunnel tests. These tests may Ipe used to
establish details of the overall structural loads. and the distribution of external local pressures. Details pf suitable
testing proceduyrres are given in annex D.

Alternative methods of analysis to those recommended in this International Standard may be permitted provided it
can be demongtrated that the level-of safety achieved is generally equivalent to that achieved in this International °
Standard. Guidance on the levelof safety is given in annex F.
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Annex A
(informative)

Simplified method of analysis

A.1 Criteria

This simplified method is intended for the design of the cladding of most normal structures. It can ‘also be used for
the design| of the main structural system of structures which meet all of the foliowing criteria.

a) The structure is less than 15 m in height above ground.
b) The s}ructure is not unusually exposed for any wind direction; i.e. it is not situated near a hillcrest nor headland.
¢) The structure is reiativeiy rigid. For habitabie buiidings, the defiections under wind ioading, cajcuiated by the

simplified method, should be less than 1/500 of the height of the structuré_or of the relevant span. For industrial
structlres (e.g. chimneys), higher deflections may be acceptable depending on the serviceability|requirements.

A.2 General relationship

The genetfal relationship for determining the wind loading is'given by equation (1) (see clause 5):

w =q[at Cexp Ciig Cdyn

The valuep of the factors to be used are given below.

A.3 Reference velocity pressure, gref

This is defined in annex B, for a given region.

A.4 Exposure factor, Cexp

This is determined from table A.1 for each height range in question.

On coastal or particularly exposed, flat, open sites, the values of Ceyp given in table A.1 should belincreased by a

factor. This factor will normally be in a range from 1,2 to 1,4. If detailed information is not available, the value 1,3 is
recommended.
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Table A.1 — Exposure factor, Coy, — Simplified method

Applicability Range of height of structure, 1
m

O<hs<s 5
Structural design 5<h=< 10
10<h< 15

O<h=< 20
20<h< 25
25<h< 35
35<h=< 45
45<h< 55
55<h< 65
65<h= 80
80<h <100

g
8

©

N DhWN|—

Cladding design

— el ek ek ek d ek ek | —d - O

A.5 Combjined aerodynamic shape factor and dynamic response factor, CrigCdyn

The combined|wind loading on external and internal surfaces should be based on the combined factor as follows:
(CigCdyn)dom = (CrigCayn)ext — (CrigCdyn)int ... (A1)

A.5.1 Walls and roofs

The products ¢f the internal aerodynamic shape factor and dynamic response factor, (CigCayn)int, are givien in table
A2.

Table A.2 — Internal pressures — Shape factors and dynamic response factors

Type of structure Chig, int Cayn, int (Cﬁg :dyn)int

Buildings with large openings

(e.g. sheds with an open side; industrial buildings with shipping doors or 07 2
ventilators haying a high probability of beingtopen; large glass windows ’
exposed to damage from debris)

Buildings with openings less than 1 % of total wall area, not uniformly
distributed -0,7 1 -10,7

(e.g. most encjosed buildings with-windows and doorways)

Buildings without large openings, and only small openings of less
than 0,1 % of ftotal area 0 1 0

(e.g most tall Buildings which are normally sealed and ventilated -03 1 -|0.3
mechanically; pxceptionally, low buildings such as windowless
warehouses wjth door systems designed to withstand the wind)

For low buildings with flat or gable roofs, the product of the external aerodynamic shape factor and the dynamic
response factor, (CiigCqyn)ext, is presented in figures A.1, A.2 and A.3.

The cladding, fastenings, secondary structural elements (girts and purlins) and individual roof or wall panels should
be designed using factors given in figure A.2 for walls and figure A.3 for roofs. Reductions for larger tributary areas
may be made.


https://standardsiso.com/api/?name=57be575b6bdfc21d0ec433e3e8e32aeb

©[SO

10°<a <

ISO 4354:1997(E)

45°

~— Reference height, h.et

Figure A.1 — Surfaces of walls and roofs

(€ £ig € aynext
1]
w
T

0 1 2 S 10 20 50 100
Area, m2

Figure A.2 — Values of (Cﬁngyn)ext for low buildings — Walls
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Canopy corner " N
2 E—
N \
B B r
-1 -1F
0 1 1 1 1 1 1 1 o 1 1 1 1 1 1 1
0 1 2 S 10 20 50 100 0 1 2 5 10 20 50 100
Area, m2 Arg¢a, m?

1) Canopy codfficients include contributions from both

upper and lower surfaces.

2) s and r arg applicable to both roofs and canopies.

3 0°<«axs10°

b) 0° < & =30°

1-4f
<
; -
-3}
‘ C,S and S’
_2:\
_——P\
1t
0
1._
All regions
2 1 1 1 1 1 1 1

0 1 2 5 10 20 50 100

Area, m2
c) 30° < a5 45°

Figure A.3 — Values of (CfigCqyn)ext for low buildings — Roofs
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For estimation for the loads for the design of the foundations and footings, excluding anchorages, 70 % of the
values of (CfigCqyn)ext Mmay be used.

The abscissa areas in figures A.2 and A.3 are the design tributary area within the specified zone.
The reference height ket for pressures is the mid-height of the roof or 6 m, whichever is the larger.

Dx is 10 % of the smallest horizontal dimension or 40 % of height &, whichever is the smaller. Also, where Dx = 1 m,
Dx = 4 % of the smallest horizontal dimension.

A.5.2 Frames

Figure A.4 shows the wind directions to be considered on the surfaces of framed low buildings.

Factors gjven in tables A.3 and A.4 for the frame loading may be used only if more than one roof|or wall surface
participat¢s in the action, and only for estimating loading on rigid frames, total roof uplift, sliding shear or
overturnirjg. The design should consider wind acting from any direction.

For estimation of the loads for the design of the foundations and footings, excluding-anchorages, 70 [% of the values
of (CfigCayn) may be used.

The building should be designed for all wind directions. Each corner should be considered in turn gs the windward
corner shpwn in figure A.4. For all roof slopes, load case A and load case’B1 (see tables A.3 and AL4) are required
as two sgparate loading conditions to generate the wind actions. lf.\the roof slope is 20° or more, a third loading
condition B2 is also required (see table A.4).

The valug of Dy is 6 m or 2 Dx, whichever is the greater.

Table A.3 — Values of (CigCqyyn)ext for load case A: Winds generally perpendicular toridge

Roof slope Building surface
a 1 2 3 4 1E 2E BE 4E
0°to 5° 075 | -13 -07 - 0,55 1,156 -2 -1 -0,8
20° 1 -13 -0,9 -08 1,6 -2 -1,3 -1,2
30° to 45° 1,05 0,4 -0,8 -0,7 1,3 0,5 -1 -0,9
90° 1,05 1,05 -07 -0,7 1,3 1,3 -0,9 -0,9

Table A.4 — Values of (CiigCqyn)ext for load cases B1 and B2: Winds generally parallel to ridge

Roof Building surface
Load cfse slc:pe
1 2 3 4 5 6 1E 2E 3E 4E 5E 6E
B1 < 20° 0 -13]1-07] O 0,76 |-0,55| O -2 -1 0 [-1,15] -0,6
B2 = 20° -0,65(-13| -0,7}-0,85| O 0 -09| -2 -1 -09| O 0

11
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A.6 Aerod

For other strugtural shapes and members, the values:df’aerodynamic shapes factors are given in an
external and infernal pressures.

A.7 Dynanjic response factor, Cayn

If the dynamic
follows:

for cladding: 25
for main structure 2
(including anchorages):

for foundali’ons and footings2: 1,4

©1S0

wind direction B
range

Figure A.4 — Wind on surfaces of frames

namic shape factor: other structures.and members

response factor is not given in conjunction with the aerodynamic shape, its value should b¢

nex D for

b taken as

2) See annex E.

12
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Annex B
(informative)

Reference velocity pressure, gref

B.1 General

This annex recommends procedures for determining the reference velocity pressure q,¢¢ for the calculation of the
wind loa i T i i logical data for
the regiop, obtained over a number of years. The exact nature of these data varies from country-t0.¢ountry. In some
i , the measured data may refer to the velocity pressure itself but, more often, they, refer tg some measure
of the wind velocity [see equation (2)]. Furthermore, the measurements frequently deviate from the standard
exposurgd of 10 m above open terrain3) and averaging time of 10 min used in this {nternationdl Standard. For
example| short-duration gust wind velocities are the standard measurement made in some countties, while mean
velocitie§ averaged over periods from 1 min to 1 h are standard in others. There is-therefore a neefl for methods to
reconcilel these data with the basis recommended. Such methods are outlined below.

B.2 Definitions of gef

The refefence velocity pressure gt recommended for use in this international Standard, as stated in clause 6,
correspopds to the mean velocity pressure over open terrain at an equivalent elevation of 10 m, averaged over a
period of|approximately 10 min and with a recurrence interval(réturn period) of once-in-50 years. This is an annual
probabilify of 0,02 and corresponds to the most likely greatest wind velocity in a 50-year period.|A period of this
order is |conventional in wind loading applications. (Upder some circumstances it may be related to a nominal
lifetime dr in-service period of the structure.)

Because|wind near the surface of the earth is turbulent and gusty, use of the 10-min mean velocity pressure permits
a stable |definition of the wind over an areawhich is larger than the structure and over a period|longer than the
“responsk time” of the structure.

Values of g,ef for the region of application are inserted in table B.1 when this International Standard is used as the
model fof a national standard.

Table B.1 — Reference wind velocity pressures

Ldcation Wind velo:'i:tz pressure Wind ':l‘/eslocity
Return period, N, years
10 100 Vref")
dref!) 4(10) 4(100)

NOTE — Values are 1o be entered in this table when this International Standard is used as the model for a national
standard.

1) Itis recommended that 0,3 kPa be taken as a minimum value.

The reference velocity pressure over return periods other than the 50-year value adopted can be found using the
expression

q(N) = g(10) + [¢(100) - g(10)][(In N/In 10) - 1]

3) For a definition, see Guide to Metrological Instruments and Methods of Observation. No. 8, Geneva: WMO, .1 983, clause
6.6.2.

13
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a) Annual maximum velocity pressures (or velocities) should be determined from the data for each year of record;
10-min mean values are preferred.

b) The values of velocity or velocity pressure are corrected for exposure and averaging time; in the case of
velocities, the corrected values should be converted to velocity pressure.

c) Extreme-value analysis is applied to the annual extremes as outlined in standard references. The Fisher-Tippet
type 1 distribution is recommended for this purpose.

d) From the statistical distribution “best” fitting the data, the required reference velocity pressures for the 1/50 and
other annual probabilities are estimated.

Alternative methods of determining the extreme values (e.g. from the rate of occurrence of individual storms or the

parent pq

may be required.

B.6 Properties of wind turbulence

‘Other pr
and scal

perties of the wind are needed in the development of the wind load, Such as the intens
of turbulence. These properties are described in annex E in the context in which they are

B.7 Tornadoes and thunderstorms

This Inte
mean ar

thunderstorms.

pulation) are avaiiable and may be used. Special treatment Of extireme values In regions,of hurricane winds

ity, the spectrum
needed.

rnational Standard does not include the special effects’of tornadoes and thunderstorms. The ratio between
d gust speeds adopted here to derive Cqyn is not applicable to regions dominated by tornadoes and
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Figure C.1 — Variation of mean wind velocity with height over rough terrain
It should be noted that these two profiles can be matched closely over any given height range using|the expression
—1
B=|inzi/zo)] ...(C3)

where z is a representative height (30 m, or the average height of construction, is often appropriate).

C.3 Change in roughness

The transition of the flow from one roughness to another takes a distance of approximately 5 km for the height
ranges affecting most structures. Hence the reduction in wind velocity associated with the transition to rougher
terrain should only be assumed if terrain of the stated roughness exists for this distance, or if suitable transition

formulae are adopted.
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C.4 Speed-up over hills and escarpments

For structures situated in hilly, undulating terrain, the speed-up of the mean wind velocity over hills and escarpments
is an important consideration. The exposure factor at height z is equal to that over flat terrain multiplied by a factor
(1 + AS,)2 where AS, is the “speed-up” factor for the mean wind velocity.

This is illustrated in figure C.2. Near the crest, and within a distance [x] < kredLn the exposure factor is modified to
become:

2
Cexp,mod = Cexp, 2[1 +AS, max(1 - K.,:'i] e (4z/Ih) ] ...(C.4)

where

Cexp, 7 is the exposure factor over flat terrain given in equation (C.1) or (C.2);
AS, max is the relative “speed-up” factor at the crest near the surface;
a is a decay coefficient for the decrease in “speed-up” with height.

The values of ajand AS, max depend on the shape and steepness of the hill. Representative values for the aximum
“speed-up” factor on hilicrests are given in table C.2 and the definition of the hill height # and half hill length Ly are
given in figure G.2.

It should be noted that the speed-up principally affects the mean wind velocity-and not the turbulence. (Allowance for
effects on Cyyn pf speed-up due to hills is given in E.2.)

Table C.2 — Parameters for maximum speed-up over low hills

Hill shape AS a frad
z, max x<0 x>0
Two-dimensional ridges (or valleys with H negative) 2 H/Ly 3 1,5 1,5
Two-dimensiongl escarpment 1,8 H/Ly 2,5 1,5 4
Three-dimensiopal axisymmetrical hills 1,6 H/Ly 4 1,5 1,5
NOTE — For H/Ly > 0,5, assume H/Ly = 0,5.

z z

“Speed-up” 'Speed-up”

v, As,v, V2 As,v,

v I.H * l.H

/e /x4

L X R ——

H/2

H/2

et X
a) Flat b) Hill c) Escarpment

Figure C.2 — Definitions for wind “speed-up” over different terrain
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Annex D
(informative)

Aerodynamic shape factor, Crig

D.1 General

The aergdynamic shape factor, Cyg, is a dimensionless aerodynamic coefficient which expresses 1
induced on the structure and its elements as a ratio of the velocity pressure (normally

pressur

oncoming flow. Normally the shape factor refers to the mean (time-averaged) pressures but,
applicatipns (for pressures transverse to the flow, for example, where the mean is small or zero)

measures such as the root mean square value are used. These special applications are noted in the

factors uped in this International Standard fall into three categories.

a) Aergdynamic shape factors (pressure coefficients) used in defining local pressures on the
normal to the surface and denoted C,, |.

b) Aergdynamic shape factors (force coefficients) used in defining{resultant forces over specif
strugture. These are normally the simple area average of the components of the pressure coe
the direction of the required resultant force.

¢) Aergdynamic shape factors defining higher-order resultant actions of the pressures, such §
torques.

Factors appearing under b) and c) are defined in the section where they are used.

D.2 R

The sha
f

fixed re

exposur

conjunc

In the c4

eference exposure factors

pe factors are normally defined in conjunction with exposure factors for the same level in th
rence level (e.g. the top,of the building). With all the cases as well as with force coefficient

Eon with exposure/factors at fixed levels in order to simplify their numerical description.

as the combined action of the pressures on the inside and exterior surfaces.

D.3 Wind tunnel testing procedures

factor is specified in-the context in which it is used. Shape factors for some local pressur]

he aerodynamic
qretCexp) in the
Jn some special
other statistical
text. The shape

structure acting

ed areas of the
ficients acting in

s moments and

flow or at some
, the level of the
es are defined in

se of design ‘ef surface-cladding elements and frame structures, the acting pressures should be considered

Shape factors should normally be determined from wind-tunnel testing on models. The dynamic factors Cgyn should,
where possible, also be obtained in these tests. These wind tunnels must adequately model the conditions existing
at the actual site.

In general cases, for three-dimensional structures, it is necessary to model the important features of the natural
boundary layer, namely its mean velocity variation with height and the structure of turbulence. In some particular
cases it is acceptable to use shape factors determined from wind-tunnel tests carried out in flow deviating from the
natural wind (e.g. in the smooth uniform flow of aeronautical wind tunnels). This approach may be appropriate for
the design of sections of tall masts. Aerodynamic shape factors of sharp-edged shapes are generally insensitive to
wind velocity. With curved shapes such as circular cylinders, there is some sensitivity to Reynolds number scaling,

as well

as surface roughness and turbulence characteristics.
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D.4 Forms of presentation

For some shapes having a curved cross-section, such as chimneys, there can be significant effects due to Reynolds
number, as well as the intensity and scale of turbulence. These influences should be kept in mind in defining values
of Ciig for such shapes.

In the definition of the shape factors used in this International Standard, it was noted that they are normally related
only to the time-averaged pressures and forces or otherwise to the root value if the mean is small. Fluctuations in
the flow due to gusts naturally induce additional fluctuations in pressure. The additional effect these may have on
the response is accounted for by the dynamic response factor Cdyn (described in clause 9 and annex E). Shape
factors in use in various national standards and codes and in the literature may be defined using different averaging
times for the wind velocity pressure, different flow conditions, different reference areas and reference heights.
Special care is needed in adopting other values to ensure consistency with the method of this International

Standard. Referfnwvaluwforusmh'mnap'e—m in this Tnternational Standard are defined in the Section in
which they are gjven.

Examples of shEpe factors given in this annex are taken from the commentary to the National. Building|Code of

Canada, 1985. [The range and accuracy of shape factors are improving continuously. The best available shape
factors should b¢ included and amendments issued when appropriate.

The information pn external and internal shape factors (including dynamic response factors) given in clausd A.5 and
figure D.1 covers the requirements for the design of the cladding and the structure as:a whole for a variety pf simple
building geometfies. The values of the shape factors given in figure D.1 are either time- and spatially-averaged
shape factors, Cjg, or simply time-averaged local pressure coefficients, Cp,- In clause A.5 dealing with low Buildings,
values of the prpduct CrgCqyn are given; this is the form in which they areised, and the form of the bagic wind-
tunnel data from which they were derived. These are cases in which there is no requirement for the fseparate
factors, so resorfant amplification of the response can normally be disregarded.

D.5 Internal|shape factors

The internal shape factors, Ciig, int, define the effect of wind-on the air pressure inside the building and are important
in the design of |both cladding elements and the overall*structure. In the case of a dominant opening, the internal
shape factor will be approximately equal to the (external shape factor at the opening. In other instarces, the
magnitude of the shape factors tends to be uncertain owing to the influence of either intended or (in the case of
window breakage) unintended openings and-the normal ventilation of the building envelope. As a cons¢quence,
internal shape fdctors may be wide-ranging.

In the face of these uncertainties, an.appropriate treatment of internal pressures for both high and low stryctures is -
to use the valugs for Cig, int and.Cgyn given in annex A, table A.2. This choice depends on whether there are
openings and whether small openings are truly uniformly distributed. In this context, a large opening is ohe which
offers an opening to the wind)exceeding that of the estimated total leakage area of the entire building|surface,
including the roof. Such an 6pening may result from deliberate intent or failure to design an element (such as a door
or window) to repist wind.\For typical buildings, whose background leakage area is 0,1 % of the total surface area,
an opening greater than-about 1 % of the relevant wall would constitute a large opening.

The designer is then faced with three basic categories.

a) Buildings with large openings for which a dynamic factor is required. Normally the range of Giig, int Of £0,7
should be used, as given in table A.2, but it is sufficient in most cases to use a Cayn value of 2. Such buildings
would include, for example, sheds with one open side, industrial buildings with shipping doors, ventilators or
similar openings having a high chance of being open, and buildings with large glass areas which may be
exposed to damage by flying debris.

b) Buildings without large openings but having small openings not uniformly distributed. Cayn = 1, although the full
range of Csg int (+ 0,7) given in table A.2 should be considered. Examples include most low buildings which,
although fairly uniformly sealed, have doorways or windows which may produce a significant imbalance in air
leakage.
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Buildings without large openings but having small openings (i.e. roughly less than 0,1 % total area) uniformly
distributed. Cgyn = 1. The values of Cyg, jnt considered should be the - 0,3 value given in table A.2, except
where that alleviates an external load, when Cyg, int = 0 should be used. This latter provision is in the light of
research which indicates that the internal pressure fluctuates even within buildings having small distributed
openings, and the pressure fluctuations occasionally reach Cig, int=0. Such buildings include most high-rise
buildings that are sealed and ventilated mechanically, and, exceptionally, lower buildings such as windowless
warehouses, with door systems designed to withstand wind.

Transitions between these categories can be found based on ratios of air leakage and opening sizes.

Internal pressures are also affected by mechanical ventilation systems and by a stack effect when inside and
outside air temperatures differ. Under normal operations, mechanical systems create differentials across walls
somewhat less than 0,1 kPa, but the stack effect for differences in temperature of 40 °C could amount to 0,2 kPa
per 100 rjy of building height.

D.6 “Low” buildings

Annex Al|refers to low buildings and presents data obtained from systematic boundary layer wind-tunnel studies. In
several ifstances these data have been verified against available full-scale measurements. The fgctors are based
on the mpximum gust pressures lasting approximately 1 s and, consequently, include an allowance| for the dynamic

factor, Cyyn. The factors, therefore, represent the product CiigCyyn. An innovative feature of these figures is their

referenc
assumed

Annex A
does not

to the tributary area associated with the particular element or\member over which the
to act. In all cases these coefficients should be combined with'the appropriate internal pre:

is appropriate for buildings with widths greater than twice)their heights and for which the
exceed 15 m. In the absence of more appropriate data; the values quoted in annex A may

?su res.

ind pressure is

reference height
also be used for

buildings| e D.1 should be

used.

with h/b< 1 and a reference height less than 20 'm."Beyond these extended limits, figur

Annex A|presents values of CigCqyyn applicable to those primary structural actions affected by wind pressures on
more than one surface, such as in framed buildings- These simplified load distributions were developed to yield as
closely gs possible the structural actions (horizontal thrust, uplift and frame moments) determined directly from
experimgnt. These results make allowance forithe partial loading of gusts.

Annex Ali
design o

is also intended to cover those actions influenced mainly by wind acting over snngle surfa
cladding and secondary structural members.

bes, such as the

D.7 “High” structures
Figures D.1 and D.2-are for use with tall, rectangular structures for which h/b > 1. The pressure doefficients given
are not multipliedby'a dynamic factor, Cqyn. It is important to realize that a local pressure coeffigient C,;=~1 is

at any elevation. Recent wind-tunnel tests have shown that regions of high suction are not limited to corners, as

applicable to the:design of small cladding areas (about the size of a window), which can occur almost anywhere and
indicated previously by available information. EF

D.8 Protected membrane roofs

In the case of a protected membrane roof, with insulation which is not bonded to the water-proofing membrane, the
insulation is not subjected to the same uplift pressure as is applied through the depth of the entire roof assembly,
because of air leakage and partial pressure equalization between the top and bottom of the insulation boards.
External pressure or uplift due to wind is, therefore, applied to the membrane, which acts as an air barrier between
the inside and the outside and prevents pressure equalization.
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any part of the structure. Some structures, such as arch-type roof systems, experience larger stresses under partial
loading. Tall buildings shouid be checked against partial loadings that produce torsional effects. Examples have
been encountered in wind-tunnel testing in which torsional effects were even greater than those afforded by a 50 %
removal of loads from selected areas of the building. Torsional effects are enhanced when the centre of twist is
eccentric from the centre of gravity (inertial loading) or from the centre of area (wind loading, full or partial).

The pressure coefficients in figures D.1 and D.2 refer to pressures acting along the principal axes of rectangular
building forms. In some structural systems, more severe effects may be induced when the resultant wind pressures
approach the building diagonally. To account for this and also the additional tendency for structures to sway laterally
to the wind direction, 75 % of the maximum loads for each of the principal directions should be applied jointly. See
also E.3.
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Co=-15 ——nu |
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Cﬁg = - 0,7

01d

NOTES

1 Local mpximumn suctions:-the factors C, | for the roof surface occur for wind at an angle to one corner, ang
design of t
the total uplfift on the roof.

are used in the

e roofing itself ‘and its anchorage to the structure. C, | values are not to be added to the Cjg valug for determining

2 End walls: the\end walis are the ones parallel to the wind direction and have a uniform pressure distribution over the whole

building he{ght, except for local maximum suction as indicated in figure D.1.

3 Referen "
building. For the calculation of internal pressures, use 0,5 h unless there are dominant openings
case use z, the height of the highest of such openings.

)

in the windwa

tal height of the
rd wall, in which

Figure D.2 — Plan view of building — End wall shape factors and local suction maxima on the roof
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End walls
(/h =10 = = L/h =10 t/h =1
< <
<
l L
L
a a
Fn Fn Fn
l L
I
N\
\
2=0°Ill
)
Fn=Cf-q-Cdyn-Cexp-h-l
Force coefficient C;for walls above ground
lh 10 — 10 1
(End walls)
9=0° 5
1,1
a=051 1.3 5
¢=40°
1,
a=031 &
¢=>50°
a=041 18
End walls
{/h =10 == t/h =10 L/h =1
[ ]
<l W < W
7 7, <
L l
| | r 1 T U007
{
a
F" Fn Fn
|
: L
N\
y =01l | N
T
Force coefficient C;for walls on the ground
Uh 10 — 10 1
(End walls)
9=0°
1,2 )
a=051 1,2 1,1
¢=40°
a=031 1,5
¢=50°
a=041 1.5
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Figure D.3 — Free-standing plates, walls and billboards
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~

/— Doors closed —\

NI

<
S
7
h: b:l=1:1:10
External shape factors, Cyg ox
) A B c
0° +0,8 -1,2 -1,4 -1,5
Internal shape factors, Cig, int
Openings ¢=0°
Uniformly distributed -0,5
Predominating on sideA +0,7
Predominating on side B -1,1
Predominatingon side C -1,3

Figure D.4 — Closed passage between large walls
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wn
N
"
)
~
<
Y
™~
n
> -
< n n
] D o
~N ~
N ol
d
: |
- 'pi -
”

Total force: F=Cs- g+ Cyyn - Coxp - A, Where A=d - h

Force coefficient, C;for d ,/quxp > 0,167

Cross section and roughness

Slenderness n/d

25 7 1
Moderately smooth
(metal, timber, 0,7 0,6 0,5
concrete)
Rough surface
(rounded ribs 0,9 0,8 0,7
h=0,02d)
Very rough surface
(sharp ribs 1,2 1 0,8
h=0,084)
Smooth and.rough 1.4 12 1
surface, sharp edges

External shape factor Ciig ¢, for 4 [qcexp > 0,167 and moderately smooth surface

28

Pi=Ciig,int* 4 - Cdyn - Cexp

Pe= Cﬁg “q- Cdyn : Cexp
Stack fully operating, Ciig, int =+ 0,1
Stack throttled, Ciig, jnt = - 0,8

Figure D.5 — Cylinders, chimneys and tanks

a
h/d l/d
0° 15° 30° 45° 60° 75° 90° 105° | 120° | 135° | 150° | 165° | 180°
25 50 +1 +08]1+01]-09|-19]|-25|-26|-19]|-09|-07]-06|-06] -0,6
7 14 *1 +081 01 0,8 17 2.2 22 ;8 ;6 8,5 8:51—19,
2 +1 +081+01]|-07} -12}| -16]-17]-12]-0,7] -05] -0,4| -0,4 -0,4
Ap =pi—pe
where
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Total force

F=Cs-q- Cgyn- Cexp - A
where
A= nD?
4

Force coefficient
CG=0,2 forD qCexp-> 0,8 and moderately smooth surface
Ap =p;i—pe
where
p; for closed tanks is the working pressure

PeT Cfig "q- Cdyn : Cexp

External shape factor Cig ext, for D [gCey, > 0,8 and moderately smooth surface

o
0° 15° 80° 45° 60° 75° 90° | 105° | 120° | 135° | 150° | 165° | 180°
+1 | +09¢4+05}-01}-07}| -1} -12| -1 }-06]-02] +0,1| +0,3]| +0,4

Figure D.6 — Spheres
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External shape factors, Cig, oxt
) A B C D E F G H J K
0° +0,7 -0,2 -0,3 -0,3 -0,1 -0,5 -0,8 -0,8 -0,4 -0,1
30° +0,6 -0,3 +0,2 -0,4 -0,1 -0,4 -0,7 -0,9 -0,7 -04
Radius r=5/6 b
h:bil=1:12:12
Q
N
F 4 GlH, J -
3 I
< A - | B B
)Y/)i/ ¢
b
a
o X=0,1b m
> c /
—w
Nl I
RS IS
A o f
P I
Q |
i
D
Shaded area to scale
¢ B C D L M N o P Q
90° - 0,3 -0,3 +0,9 -0,3 -0,8 -0,7 -0,5 -0,3 -0,1 -0,1
30° Section m, Cp,1=-1,8 with minimum Cp1=-25
Internal shape factors, Clig, int
— e
Openings ¢=0° | ¢=30°| ¢=90°
Uniformly distributed +0,2 +0,2 +0,2
Window Y open on side A +0,4 +0,7 -1
All doors open on side C -0,1 +0,6 +0,8
Only door X open on side C -1,5 +0,7 +0,4
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Figure D.7 — Hangar with curved roof and moderately smooth surface
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hid:ir=1:1:15

T 01d

Fl

- pi

L /////fr//// 2

d

Total force on roof
F=(pj—pe)A
pi = working pressure
Pe=Crig - 4 Cayn - Cexp
4
=—d 2

External shape factor, Ciig ext =~ 1

Figure D.8 — Roof load on smooth closed tank

Force coefficients, C,

D\/ ‘Icexp

<0,167 | >0,167

Type of pole, rod or wire

Smooth-wires, rods, pipes 1,2 0,5
Moderately smooth wires and rods 1,2 0,7
Fine wire cables 1,2 0,9

Thick wire cables 1,3 1,1

@@OO

1/D>100
Total force
F=Cs-q- Cyyn- Coxp- A
A=D1

Figure D.9 — Poles, rods and wires
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X |
F F
- q < R o) | > F. I >
—=>»_1]
Fy
0.4b
b
ssnsnase |
a) Casel—
g = length| of bridge
kreds» Cn, o s kx from figures D.13 and D.14.
Force on windward girder Fj=kreq- Cp - g - Cayn " Cexp " Ag
Force on Igeward girder Fy = kreq - Cp, o - kxq - Cayn - Cexp * As
Horizontal fforce on deck: F;,=1,0 - g - Cayn  Cexp - d - I
Vertical force on deck: F,=0,6 - g - Cayn Cexp- b+ I
S Y
S ] vl
T 4l o T
=4 © Liyl* f"z Loy
7
Ea Fv Fh
0.4b
b
b) Case Il — With vehicles
1y = length|of vehicle
Ay=hy, -1
Ap=hy,-1
Force on vlindward girder F=kidq - Cn, " g Cayn - Cexp " As
Force on lgeward girder Fjj=kreq - Cp, o * kg - Cayn * Cexp * As
Horizontal force on deckyFy = 1,2 - g - Cgyn - Cexp - d - I
Vertical force on deck: F,=0,8 - g - Caoyn* Cexp b Ig
Traffic load: Fy, Cp - g - Cayn - Cexp - Ay
Fyp=Cp-2/3q - Cayn - Cexp Az
Type of bridge traffic hy Cp
Railway vehicle 3,8m 1,5
Highway vehicle 3 m 1,2
Pedestrian 1,7m 1

34

Figure D.11 — Truss and plate girder bridges
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AJA <0,3
A=D-lorH
| =true leng

ky is a funct

Total force

Fn=F

For a shiel
F = keed
For sharp-¢]
C.,p=kp

See figure [
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-
th of member

on of Ag/A and x/b
h wind direction, F= )" Fy

brce on member

Fm=’Id‘Cn,p'q'Cdyn'Cexp'Acosﬁ

d member

Co, g kxq - Cayn * Cexp - ACOSS
dged members

- Cno @nd kg - Gy o

.10 for Cy, ., and C; ., values

B =angle brtween wind direction and the normal to member axis

Round members, smooth and Round members| moderately
Sharp-edged members rough surfaces smooth surfaces
B DqCoxp < 0,167 D [4Cexp 30,167
kﬁ kred kx Coe. B Kred kx Cw, B kred ky
0° 1 152 0,6
15° 0,98 See See 1,16 See See 0,58 0.9 for
30° 0,93 figure figure 1,04 figure figure 0,53 I b =25 0,95
45° 0,88 D-10 D.14 0,85 D-10 D-14 0,42
60° 0,8 0,6 0,28

Figure D.12 — Three-dimensional trusses
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Ag = cross-section area
A= ht . l

AJA = solidity ratio
Ag/A = solidity rat

For wind normal to surface of area A:
Normal force Fy = kreq ' Cn, o * 4 * Cyn * Cexp * 4s

 RSZSZ5782

ROV CIL DOV DV JIJLIVI]

hi |

l

Force coefficient C, .. for an infinitely long truss, 0 < AJ/A <1

AA 0 0,1 0,15 02 |]03t00,8 0,95 1
Ca 2 1,9 1,6 1,7 1,6 1,8 2
Reduction factor k4 for trusses of finite length and slenderness
AdA 0,25 0,5 0,9 0,95 1
1hy

5 0,96 0,91 0,87 0,77 0,6

20 0,98 0,97 0,94 0,89 0,75

50 0,99 0,98 0,97 0,95 0,9

oo 1 1 1 1 1

Figure D.13 — Plane trusses made from sharp-edged sections

hon h”

.

Plane of Plane of
member | member Ii
Gx=ke @

Shielding factor, &,

lh AJA 0,1 0,2 0,3 0,4 0,5 0,6 0,8 1
0,5 0,93 0,75 0,56 0,38 0,19 0 0 0
1 0,99 0,81 0,65 0,48 0,32 0,15 0,15 0,15
2 1 0,87 0,73 0,59 0,44 0,3 0,3 0,3
4 1 0,9 0,78 0,65 0,52 0,4 0,4 0,4
6 1 0,93 0,83 0,72 061 | 05 0,5 0,5

Figure D.14 — Shielding factors
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Annex E
(informative)

Dynamic response factor, Cdyn

neral remarks

and 9 of this International Standard. This factor, Cgyn, is defined as the ratio of the maxim
e. fluctuating with time) action of

M wind gusts acting for short durations over all or part of the structure,

— fluctuating pressures induced by the wake of the structure, including vortex:shedding forces, and

— fluctuating forces induced by the motion of the structure itself due to wind.

These for¢

affect inte

the structdre at one or other of its natural frequencies.

All structu

superpos

structures

componer]

on, and a “resonant’” component due to-excitation close to a natural frequency. For

weight, flekible or lightly damped, the resonant component may be dominant.

Criteria a
using the

A general
Wp =

where

W iS

suggested for when these dyhamic effects may be significant. The majority of structures

r
fimplified procedures given'in‘annex A.

expression for the maximum or peak loading effect, Wp, is

Wm + 8wow

the, mean loading effect;

Oy IS

the‘root mean square (r.m.s) loading effect;

¢ presents procedures which are recommended for determining the dynamic response facta

tes act on the external surfaces of the structure as a whole or on cladding components
nal surfaces. They may act longitudinally, laterally or torsionally and may be amplified by

res are affected to some degree by these forces. The total response may be co
iIon of a “background” component, which\-acts quasi-statically without any strug
maghnifica

r referred to in

t.lm effect of the
the mean effect of the loading incorporating the reference velocity pressure. It.takes in

0 account the

and may also
y resonance of

hsidered as a
tural dynamic
he majority of

the resonant component is small and the dynamic factor can be simplified by considering the background
t only and by using normal static methods. For structures which are particularly tall or long

, slender, light-

can be treated

... (E.1)

8w is a statistical peak factor for the loading effect.

According to this expression a dynamic factor, equal to the ratio of the peak loading to the mean loading, can be
identified as

Cayn =1+ (gwOw/ W), if W # 0

... (E.2)

The form of the fluctuating wind loading effect, o, varies with the excitation, whether due to gusts, wake pressures
or motion-induced forces. For a large class of smaller structures it is only necessary to deal with the additional
loading due to gusts and simplified methods are therefore adequate. These are dealt with first. Criteria for the
dynamic sensitivity are presented below.
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