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@ IS0 IS0 4354:1997(E) 

Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work of 
preparing International Standards is normally carried out through IS0 
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. IS0 
collaborates closely with the International Electrotech 
(IEC) on all matters of electrotechnical stand ardization. 

nical Commission 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard IS0 4354 was prepared by Technical Committee 
ISO/TC 98, Bases for design of sfructures, Subcommittee SC 3, Loads, 
forces and other actions. 

Annexes A to F of this International Standard are for information only. 
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IS0 4354: 1997(E) @ IS0 

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. 

iv 
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INTERNATIONAL STANDARD @ IS0 IS0 4354:1997(E) 

Wind actions on structures 

1 Scope 

This International 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 IS0 2394 and other 
International Standards concerned with wind loads. 

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

2 Normative reference 

The following standard contains provisions which, through reference in this text, constitute provisions 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 investigate the 
possibility of applying the most recent edition of the standard indicated below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. 

IS0 2394:-l ), General principles on reliability for structures. 

3 Symbols 

Symbol 

A 

AS 

ASIA 

a 

aP 
B 

b 

C aer 

CD 

Cdyn 

Quantity 

area 
cross-sectional area 
solidity ratio 
decay coefficient 
peak acceleration 
background response factor 
breadth of structure 
aerodynamic damping coefficient 
drag coefficient (force coefficient in the along-wind direction) 
dynamic response factor 

Unit 

m* 
m* 

1 

1 
m/S* 

1 
m 
1 
1 
1 

1) To be published. (Revision of IS0 2394:1986) 
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Symbol 

C eXP 

Cexp, mod 

cf 
Cfig 

Cfig, ext 

Cfig, int 

cP 

CPs I 

Cl, c2 

C n, -9 ct, 00 
D 

d 

Fh 

Fm 

Fvl Fv2 

FV 

Fl 

Fll 

fo 
it, 

H 

h 

href 

ht 

h VI 

hv2 

kl 

k P 

kl, zo 

kP* zo 

kred 

kX 

L 

LH 

1 

lB 

lV 

m 

mi 

N 

Q 
4 

4x 

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 
vortex shedding coefficients 
force coefficients for infinitely long member 
diameter 
width of building 
horizontal deck load 
force on member 
traffic loads 
vertical deck load 
force on windward girder 
force on leeward girder 
natural frequency (first mode) 
statistical 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 
scale factor of the logarithmic law 
scale factor of the power law 
reduction factor 
shielding factor 
turbulent length 
half 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 

, 

Unit 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

m 
m 
N 
N 
N 
N 
N 
N 

Hz 
1 

m 
m 
m 
m 
m 
m 
1 
1 
1 
1 
1 
1 

m 
m 
m 
m 
m 

kg 
kg/m 
year 

ill/S 

Pa 
Pa 

2 
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@ IS0 IS0 4354:1997(E) 

Symbol Quantity 

qhcr 

4ref 

q(N) 

R 

Re 

s, s’ 

SC 

Sr 

T 

V 

vhcr 

vpeak 

vref 

3 

W 

Wm 

wP 

W 

critical velocity pressure at the top of the structure 
reference velocity pressure 
velocity pressure with return period of N 

resonant response 
Reynolds number 
spectral energy factors 
Scruton number 
Strouhal number 
averaging time 
wind velocity 
critical wind velocity at the top of the structure 
peak wind velocity 
reference wind velocity 
velocity at height above ground, z 
wind force 

WL 

x 

mean loading effect 
peak loading effect 
wind force per unit area 
wind force per unit length 
distance 

Yo 
2 

20 

a 

P 

XIV 

4 

s 

c 

c aer 

c str 

Pair 

Pbldg 

DW 

V 

ei 

maximum amplitude of structure 
height above ground 
roughness length of terrain 
roof slope 
index of the power law 
partial safety factor 
“speed-up” factor 
mean deflection 
damping ratio 
aerodynamic damping ratio 
structural damping ratio 
mass density of air 
average mass density of the building superstructure envelope 
root mean square loading effect 
cycling rate 
ratio of the dynamic deflection of the structure at point “i” to the maximum amplitude of the 
structure 

Unit 

Pa 
Pa 
Pa 

1 
1 
1 
1 
1 
S 

m/S 

m/S 

m/s 
m/S 

m/S 

N 
1 
1 

Pa 
N/m 

m 
1 m 

m 
m 

0 

1 
1 
1 
m 
1 
1 
1 

kg/m3 
kg/m3 

1 
Hz 

1 
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IS0 4354: 1997(E) @ is0 

4 Wind actions 

Wind actions which shall be considered in the design of a structure may 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; 

Cl repeated dynamic forces causing fatigue or structural elements; 

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. 

5 Wind force per unit area 

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

w = Chef ’ cexp . cfig ’ Cdyn . . . (1) 

The wind force per unit area is assumed to act statically in a direction normal to the surface of the structure or 
element, except where otherwise specified, e.g. with tangential frictional forces. Both internal and external forces 
shall be considered. 

The effects of wind from all directions shall be considered. 

For some structures it may be appropriate to represent the wind forces by their resultants. These resultants shall 
include alongwind (drag), crosswind (lift), torsional and overturning actions. Different magnitudes and distributions of 
the wind force may be necessary to evaluate the actions described in clause 4 a), b), c) and e). 

6 Reference velocity pressure, 4ref 

Velocity pressure is defined by the expression: 

1 
4 = 5 Pairv2 . . . (2) 

The reference velocity pressure qref is normally the specified value of the velocity pressure for the geographical area 
in which the structure is located. It refers to a standard exposure (i.e. roughness, height and topography), averaging 
time and annual probability of recurrence (or recurrence interval). In some situations, the reference velocity pressure 
may be specified as varying with direction 

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 
q (with reference to a height h) are denoted qhcr and are substituted for qref= These cases are discussed in annex E. 

4 
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@ IS0 IS0 4354:1997(E) 

7 Exposure factor, Cexp 

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, 

b) the roughness of the terrain, and 

C) the shape and slope of the ground contours in undulating terrain. 

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

Recommended values of the exposure factor are given for information in annex C. 

8 Aerodynamic shape factor, Cfig 

The aerodynamic shape factor is the ratio of the aerodynamic pressure on the surface of the structure 
pressure. The latter is normally the product of the exposure factor and the refe rence velocity pressure. 

to the velocity 

The aerodynamic shape factor normally refers to the mean (time averaged) value of the pressures but, in certain 
applications (when the mean is very small), it may refer to other statistical measures such as the peak pressure or 
root mean square pressure. It may refer to a point pressure, a resultant or an average pressure over an 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 structures will be subjected to internal pressures determined by the size and distribution of openings and 
by any pressurization, mechanical or otherwise. Allowance should be made for these by combining the aerodynamic 
shape factors for the external pressures with those for the internal pressures. 

Aerodynamic shape factors may be determined from one of the following sources: 

a) annex D; 

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

c) other codes 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 provision is made for 
a dynamic response factor. 

9 Dynamic response factor, cdyn 

The dynamic response factor accounts for the following actions of the wind: 

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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IS0 4354: 1997(E) @ IS0 

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 vref. Unless alterative rational procedures are available, this wind velocity shall be 
taken as ,/g-vef, where yW is the normal partial safety factor and vref is the reference design wind velocity 
(corresponding to qref as defined in clause 6). A discussion of this problem is given in annex E. 

11 Methods of analysis 

Two methods or levels of design analysis are recommended in this __ - Internationa .I Standard which are referred to as 
the simplified method and the detailed method. In addition, for certain wind-sensitive structures, 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 factor Cxp, aerodynamic shape factor Cfig and dynamic response factor cdyn, consistent with those in 
annexes C, D and E. The method is intended for the design of cladding of most normal structures. It can also be 
used for the design of the main structural system of structures meeting all the criteria given in annex A. 

For the detailed method of estimating wind loading, the appropriate values of the exposure factor, shape factor and 
dynamic response factor are given in annexes C, D and E. This method is principally of assistance in assessing the 
dynamic response of the structure, the influence of unusual exposure, and the characteristics of more complex 
aerodynamic shapes. 

Structures sensitive to wind include those that are particularly flexible, slender, tall or of light weight. Unusual 
geometry may 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 may include wind-tunnel tests. These tests may 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 D. 

Alternative methods of analysis to those recommended in this International Standard may be permitted provided it 
can be demonstrated that the level of safety achieved is generally equivalent to that achieved in this International 
Standard. Guidance on the level of safety is given in annex F. 
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@ IS0 IS0 4354:1997(E) 

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 following criteria. 

a) The structure is less than 15 m in height above ground. 

b) The structure is not unusually exposed for any wind direction; i.e. it is not situated near a hillcrest nor headland. 

c) The structure is relatively rigid. For habitable buildings, the deflections under wind loading, calculated by the 
simplified method, should be less than l/500 of the height of the structure or of the relevant span. For industrial 
structures (e.g. chimneys), higher deflections may be acceptable depending on the serviceability requirements. 

A.2 General relationship 

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

W = 4ref cexp cfig Cdyn 

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

A.3 Reference velocity pressure, 4ref 

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 C exp given in table A.1 should be increased 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, Cexp - Simplified metho 

Applicability 

Structural design 

Cladding design 

Range of height of structure, h 
m 

O<hs 5 
5<hs IO 

lO<hs 15 

O<he 20 
20 <h s 25 
25 <h G 35 
35 <h s 45 
45 <he 55 
55~ h 6 65 
65 <h s 80 
80<hs 100 

192 
193 
194 
195 
196 
17 
198 
199 

A.5 Combined aerodynamic shape factor and dynamic response factor, cfigcdyn 

The combined wind loading on external and internal surfaces should be based on the combinedfactor as follows: 

(~figCdy&orn = (CfigCdyn)ext - (Cfigcdynhnt . . . (A.l) 

A.5.1 Walls and roofs 

The products of the internal aerodynamic shape factor and dynamic response factor, (cfigcdyn)int, are given in table 
A2 . . 

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

dustrial buildings with shipping doors or 
lity of being open; large glass windows 

(e.g. most enclosed buildings with windows and doorways) 

Buildings without large openings, and only small openings of less 
than 0,l % of total area 
(e.g most tall buildings which are normally sealed and ventilated 
mechanically; exceptionally, low buildings such as windowless 
warehouses with door systems designed to withstand the wind) 

0 1 0 
- 0,3 1 - 0,3 

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

a 
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@ IS0 IS0 4354:1997(E) 

lO”<a <45’ 

L- Reference height, href 

Figure A.1 - Surfaces of walls and roofs 

G 
AC 
: 

- 1 

)r -3 
CJI .- 

G 

29 
0 1 2 5 10 20 50 100 

Area, m* 

Figure A.2 - Values of (cfigcdyn)ext for IOW buildings - walls ‘_ 
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1 2 5 IO 20 - 50 100 
Area, m* 

I) Canopy coefficients include contributions from both 
upper and lower surfaces. 
2) s and r are applicable to both roofs and canopies. 

al 0.e aslO’ b) O*= a?r30’ 

r 

” 0 1 2 5 IO 20 50 100 
Area,m* 

+ 
it 
h -b- ^c 

LY 
.F 

G 

-3 - 

Y--- 

-1 

i 
0 

All regions 

2* I I I I I I I 

0 1 2 5 IO 20 so 100 
Area,m* 

cl 30’ a a s 45’ 

Figure A.3 - Values of (cfigc&fi for 10~ buildings - Roofs 
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@ IS0 IS0 4354:1997(E) 

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

The abscissa areas in figures A.2 and A.3 are the design tributary area within the specified zone. 

The reference height h,,f 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 h, whichever is the smaller. Also, where DX 3 1 m, 
DX 2 4 % of the smallest horizontal dimension. 

AS.2 Frames 

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

Factors given in tables A.3 and A.4 for the frame loading may be used only if more than one roof or wall surface 
participates in the action, and only for estimating loading on rigid frames, total roof uplift, sliding shear or 
overturning. 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 (Cfigcdyn) may be used. 

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

The value of DY is 6 m or 2 DX, whichever is the greater. 

Table A.3 - Values of (CfQcdyn)& for load case A: Winds generally perpendicular to ridge 

Roof slope 
a 

0” to 5” 

20” 

30” to 45O 

90” 

Building surface 

1 2 3 4 IE 2E 3E 4E 1 
0,75 - I,3 - 0,7 - 0,55 I,15 -2 

Table A.4 - Values of (CfigCdyn)ext for load cases Bl and B2: Winds generally parallel to ridge 

Roof 

I Load case slope 
Building surface 

a 
I 2 3 4 5 6 IE 2E 3E 4E 5E 6E 

Bl < 20” 0 - I,3 -0,7 0 0,75 - 0,55 0 - 2 - 1 0 - I,15 -0,6 

I B2 I 2 20” I -0,651 -I,3 1 - 0,7 1 - 0,85 1 0 1 0 I-099 1 -2 1 -1 I -0,91 0 I 0 

11 
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A6 m Aerodynamic shape factor: other structures and members 

4E-- 

--+w 
/- 

Wind direction B 
range 

Figure A.4 - Wind on surfaces of frames 

For other structural shapes and members, the values of aerodynamic shapes factors are given in annex D for 
external and internal pressures. 

A.7 Dynamic response factor, cdyn 

If the dynamic response factor is not given in conjunction with the aerodynamic shape, its value should be taken as 
follows: 

for cladding: 25 9 

for main structure 
(including anchorages): 

2 

for foundations and footings*): 1,4 

2) See annex E. 

12 
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Annex B 
(informative) 

Reference velocity pressure, qref 

8.1 General 

This annex recommends procedures for determining the reference velocity pressure qref for the calculation of the 
wind load w stated in clause 5. This reference velocity pressure should be determined from meteorological data for 
the region, obtained’over a number of years. The exact nature of these data varies from country to country. In some 
instances, the measured data may refer to the velocity pressure itself but, more often, they refer to some measure 
of the wind velocity [see equation (2)]. Furthermore, the measurements frequently deviate from the standard 
exposure of 10 m above open terrains) and averaging time of 10 min used in this International Standard. For 
example, short-duration gust wind velocities are the standard measurement made in some countries, while mean 
velocities averaged over periods from 1 min to 1 h are standard in others. There is therefore a need for methods to 
reconcile these data with the basis recommended. Such methods are outlined below. 

B.2 Definitions of qref 

The reference velocity pressure qref recommended for use in this International Standard, as stated in clause 6, 
corresponds 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 (return period) of once-in-50 years. This is an annual 
probability 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. (Under some circumstances it may be related to a nominal 
lifetime or in-service period of the structure.) 

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

Values of qref for the region of application are inserted in table B.l when this International Standard is used as the 
model for a national standard. 

Table B.l - Reference wind velocity pressures 

Location 
I 

Wind velocity pressure 
kPa 

Wind velocity 
m/S 

Return period, N, years 

10 100 hef’) 

NOTE - Values are to be entered in this table when this international Standard is used as the model for a national 
standard. 

1) It is 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) = q(10) + [q(lOO) - q(1 o)] [(In N/In lo> - 11 

3) For a definition, see Guide to Metrological Instruments and Methods of Qbsewation. No. 8, Geneva: WMO, 1983, clause 
6.6.2. 
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. . . (B.l) 

where N is the return period, in years. Velocity pressures for the construction period should be obtained by 
consultation with the local meteorological authorities. 

In some locations the reference velocity pressure may vary significantly with direction due to the topography, terrain 
roughness and the prevailing wind climate; in these cases the reference velocity pressure may be specified by 
direction and should be illustrated by a map of the region concerned. 

B.3 Wind velocities and averaging intervals 

It may be necessary in some countries to use other wind velocity measurements and, in these cases, careful 
correction is necessary. As a guide, the wind velocities over different averaging intervals corresponding to various 
values of qref are given in table 8.2. (This allows comparison with other codes.) 

Table B.2 - Relationship between reference velocity pressure, qref, and peak wind velocity, vDe& measured 
over short time intervals in open terrain at an equivalent elevation of 10 m ’ 

4 ef’) r vpeak 

kPa m/S 

Averaging time 

10 min 10 min Ih 1 min (or “fastest mile”) 3s 

093 21 22,4 27 33 

094 25 25,8 31 39 

03 27 28,9 35 43 

096 30 31,6 38 47 

097 32 34,2 41 51 

W 35 36,5 44 55 

099 37 38,7 47 58 

1 39 40,8 50 61 

191 41 42,8 52 64 

12 43 44,7 54 67 

I,3 44 46,5 56 70 

194 46 48,3 58 73 

195 48 50 61 75 

NOTE - Intermediate values may be interpolated. 
1) Assuming air density Pair = 1,2 kg/m? 

B.4 Air density 

A representative value of air density to be used in the calculation of velocity pressure is 1,2 kg/ma, but this is 
affected by altitude and is a function of the temperature and pressure to be expected in the region during a wind 
storm. A suitable value should be obtained from a meteorological authority familiar with the region. 

B.5 Methods of analysis 

To determine the reference velocity pressure, extreme-value analysis should normally be applied. The steps in this 
procedure are as follows. 
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a) Annual maximum velocity pressures (or velocities) should be determined from the data for each year of record; 
lO-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 l/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 population) are available and may be used. Special treatment of extreme values in regions of hurricane winds 
may be required. 

B.6 Properties of wind turbulence 

.Other properties of the wind are needed in the development of the wind load, such as the intensity, the spectrum 
and scale of turbulence. These properties are described in annex E in the context in which they are needed. 

B.7 Tornadoes and thunderstorms 

This International Standard does not include the special effects of tornadoes and thunderstorms. The ratio between 
mean and gust speeds adopted here to derive c(jy” is not applicable to regions dominated by tornadoes and 
thunderstorms. 
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Annex C 
(informative) 

C.1 General 

Exposure factor, Cexp 

The exposure factor for use in this International Standard and referred to in clause 7 describes the variation in the 
reference velocity pressure with height, terrain roughness and topography. 

C.2 Wind profiles over flat terrain 

Terrain roughness is aerodynamically described in terms of a roughness length zo which characterizes the size and 
distribution of the obstacles around and over which the wind blows. Representative flat terrains and their velocity 
profile parameters are represented in table C.1. Characteristic terrains can encompass a range of roughness length 
as shown in figure C.l. Values of roughness length other than those given in table Cl may be adopted if considered 
more appropriate. 

Terrain 
description 

Open sea 

Open terrain’) 

Suburban, woodland 

City centre 

Cl . - Representative flat terrains and their velocity profile parameters 

Logarithmic profile Power law profile 

Roughness length 
m 

Scale factor Index 

P 

Scale factor 

0,003 0,ll 14 

0,03 0,14 190 
03 0,22 035 
3 0,31 0,16 

NOTE - Profiles matched at 30 m. 

1) Recommended values for normal usage. 

The exposure factor at height z recommended for use in this International Standard is defined either by a logarithmic 
Drofile or by a power law profile. The logarithmic profile is given by 

c exp, 2 = 4, z. [I+/zo)] l . . (C.1) 

in which values of kt, z. for different roughness lengths zo and terrains are given in table C.l. 

This can be closely matched to the power law profile: 

c exp, z = $, zo (41 OpB . ..(C.2) 

in which P and kp 9 q depend on ground roughness and are given in table C.l 
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E 

400 

300 

100 

0 

c- 
z 
l g 0,4 f 
E 

0 
m 
c 

> 0,3 
>r c .- ln 
ii t t 

Opensea Open terrain Suburban forest City centre 

1 
Roughness length of terrain, z,,m 

I) Power law exponent,/3 = IU 

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 

P=[ln(zllzo)]-’ . . . (C.3) 

where ~1 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 + A&)* 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 1x1 c k&H the exposure factor is modified to 
become: 

Gxp, mod = cexp, z 

where 

. . . (C.4) 

c exp, z is the exposure factor over flat terrain given in equation (C.l) or (C.2); 

As z, ma 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 a and AS .z ma depend on the shape and steepness of the hill. Representative values for the maximum 
“speed-up” factor on hrlkrests are given in table C.2 and the definition of the hill height hl and half hill length LH are 
given in figure C.2. 

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

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

Hill shape 

Two-dimensional ridges (or valleys with H negative) 
Two-dimensional escarpment 
Three-dimensional axisymmetrical hills 

NOTE - For HILH > 0,5, assume H/h = 0,5. 

kred 
As Z, max a 

XC0 X>O 1 
2 H/LH 3 195 13 
1,8HfLH 2,5 195 4 
1,6HILH 4 195 195 

Z 

Z Z 

7 / 
X 

a) Flat b) Hill 

- x 

cl Escarpment 

Figure C.2 - Definitions for wind “speed-up” over different terrain 
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Aerodynamic shape factor, Cfig 

D.l General 

The aerodynamic shape factor, Cfis, is a dimensionless aerodynamic coefficient which expresses the aerodynamic 
pressures induced on the structure and its elements as a ratio of the velocity pressure (normally qrefCexp) in the 
oncoming flow. Normally the shape factor refers to the mean (time-averaged) pressures but, in some special 
applications (for pressures transverse to the flow, for example, where the mean is small or zero), other statistical 
measures such as the root mean square value are used. These special applications are noted in the text. The shape 
.factors used in this International Standard fall into three categories. 

a) Aerodynamic shape factors (pressure coefficients) used in defining local pressures on the structure acting 
normal to the surface and denoted Cp 1 1. 

b) Aerodynamic shape factors (force coefficients) used in defining resultant forces over specified areas of the 
structure. These are normally the simple area average of the components of the pressure coefficients acting in 
the direction of the required resultant force. 

Cl Aerodynamic 
torques. 

shape facto rs defining hig her-order resultant actions of the pressures, such as moments and 

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

D.2 Reference exposure factors 

The shape factors are normally defined in conjunction with exposure factors for the same level in the flow or at some 
fixed reference level (e.g. the top of the building). With all the cases as well as with force coefficients, the level of the 
exposure factor is specified in the context in which it is used. Shape factors for some local pressures are defined in 
conjunction with exposure factors at fixed levels in order to simplify their numerical description. 

In the case of design of surface-cladding elements and frame structures, the 
as the combined action of the pressures on the inside a .nd exterior surfaces. 

acting pressures should be considered 

D.3 Wind tunnel testing procedures 

Shape factors should normally be determined from wind-tunnel testing on models. The dynamic factors Cdyn 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. 

1 
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DA Forms of presentation 

For some shapes having a curved cross-section, such as chimneys, there can be significant effects 
number, as well as the intensity and scale of turbulence. These influences should be kept in mind in defining values 
of Cfig 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 cdy” (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. Reference values for use with the shape factors in this International Standard are defined in the section in 
which they are given. 

Examples of shape 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 be included and amendments issued when appropriate. 

The information on external and internal shape factors (including dynamic response factors) given in clause A.5 and 
figure D.l covers the requirements for the design of the cladding and the structure as a whole for a variety of simple 
building geometries. The values of the shape factors given in figure D.1 are either time- and spatially-averaged 
shape factors, Cfig, or simply time-averaged local pressure coefficients, C’ 1. In clause A.5 dealing with low buildings, 
values of the product CfQcdyn are given; this is the form in which they a;e used, and the form of the basic wind- 
tunnel data from which they were derived. These are cases in which there is no requirement for the separate 
factors, so resonant amplification of the response can normally be disregarded. 

D.5 Internal shape factors 

The internal shape factors, Cfig 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 instances, 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 consequence, 
internal shape factors may be wide-ranging. 

In the face of these uncertainties, an appropriate treatment of internal pressures for both high and low structures is 
to use the values for Cfig int and Cdyn 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 one 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 opening may result from deliberate intent or failure to design an element (such as a door 
or window) to resist wind. For typical buildings, whose background leakage area is 0,l % 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 Cfig int of + O,7 
should be used, as given in table A.2, but it is sufficient in most cases to use a cdyn 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. cdyn = 1, although the full 
range Of Cfi g, 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. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 43

54
:19

97

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


@ IS0 IS0 4354:1997(E) 

c) Buildings without large openings but having small openings (i.e. roughly less than 0,l % total area) uniformly 
distributed. Cdyn = 1. The values of Cfig, int considered should be the - 0,3 value given in table A.2, except 
where that alleviates an external load, when Cfig 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 Cfig 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,l kPa, but the stack effect for differences in temperature of 40 OC could amount to 0,2 kPa 
per 100 m of building height. 

D.6 “Low” buildings 

Annex A refers to low buildings and presents data obtained from systematic boundary layer wind-tunnel studies. In 
several instances these data have been verified against available full-scale measurements. The factors are based 
on the maximum gust pressures lasting approximately 1 s and, consequently, include an allowance for the dynamic 
factor, Cdyn. The factors, therefore, represent the product cfigcdyn. An innovative feature of these figures is their 
reference to the tributary area associated with the particular element or member over which the wind pressure is 
assumed to act. In all cases these coefficients should be combined with the appropriate internal pressures. 

Annex A is appropriate for buildings with widths greater than twice their heights and for which the reference height 
does not exceed 15 m. In the absence of more appropriate data, the values quoted in annex A may also be used for 
buildings with h/b c 1 and a reference height less than 20 m. Beyond these extended limits, figure D.l should be 
used. 

Annex A presents values of cfigcdyn pp a licable 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 as possible the structural actions (horizontal thrust, uplift and frame moments) determined directly from 
experiment. These results make allowance for the partial loading of gusts. 

Annex A is also intended to cover those actions influenced mainly by wind acting over single surfaces, such as the 
design of cladding and secondary structural members. 

D.7 “High” structures 

Figures D.1 and D.2 are for use with tall, rectangular structures for which h/b > 1. The pressure coefficients given 
are not multiplied by a dynamic factor, c&n0 It is important to realize that a local pressure coefficient Cp I= - 1 is 
applicable to the design of small cladding areas (about the size of a window), which can occur almost anywhere and 
at any elevation. Recent wind-tunnel tests have shown that regions of high suction are not limited to corners, as 
indicated previously by available information. 

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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D.9 Other structures and members 

Figures 0.3 to 0.13 are based on wind tunnel experiments in which the correct velocity profile and turbulence of 
natural wind were not simulated. Although they should therefore be regarded with caution, the corrections which 
may be involved are not considered significant for these cases. They are based on t 
and Architects (SIA) standard No.1 60, Actions on sfructures, published in 1989 (in French and German) and in 1991 
(in English). 

D.10 Rounded structures 

For rounded structures (in contrast to sharp-edged structures), the pressures vary with the wind velocity, depending 
on the Reynolds number, Re. In figures D.5, D.6, D.9 and D.12, Re is expressed by L$/G where L) is the 

diameter of the sphere or cylinder, in metres, and 4 is the velocity pressure, in kilopascals. To convert to Re, multiply 
DdG by 2,7 x 106. 

The roughness of rounded structures may be of considerable importance. Common well-laid brickwork without 
parging can be considered as having a “moderately smooth” surface (figure D.5). Surfaces with ribs projecting more 
than 2 % of the diameter are considered as “very rough”. In case of doubt, it is recommended to use those Cfig 
values which result in the greater forces. For cylindrical and spherical objects with substantial stiffening ribs, 
supports and attached structural members, the shape factors depend on the type, location and relative magnitude of 
these roughnesses. 

D.11 Structural members 

In figures D.10, D.11, 0.12 and 0.13, shape factors with the subscript U-n are used to indicate that they apply to 
structural members of infinite lengths and this is multiplied by a reduction factor, k red, for finite lengths of members. If 
a member projects from a large plate or wall, the reduction factor, krd, should be calculated for a slenderness based 
on twice the actual length. If a member terminates with both ends in large plates or walls, the reduction factors for 
infinite length should be used. 

0.12 Loads on frames and shielding 

For framing members that are located behind each other in the direction of the wind, the shielding effect may be 
taken into account. The windward members and those parts of the leeward members that are not shielded should 
be designed with the full pressure, q, whereas the shielded parts of the leeward memb 
the reduced pressure, qx, given in figure D.14. 

It should be noted that the shape of a structure may change during erection. The wind loads, therefore, may be 
temporarily higher during erection than after completion of the structure. These increased wind loads should be 
taken into account using the appropriate coefficients. 

For frames made from circular sections with D,/qCexp c 0,167 and As/A > 0,3, the shielding factors can be taken by 

approximation from figure D.14. If D,/qC,xp > 0,167, the shielding effect is small and for a solidity ratio As/A c 0,3, it 

can be taken into account by a constant shielding factor kx = 0,95. 

D.13 Partial loading and torsional loading 

To allow for the non-uniform and torsional loading effects of transient gusts, buildings are required to be designed 
for partial loading as well as the fully loaded case. Unless explicit allowance is made for these effects, other load 
cases should be considered in which up to 50 % of the load specified in this International Standard is removed from 

22 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 43

54
:19

97

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


@ IS0 IS0 4354:1997(E) 

e. Some structures, such as arch-type roof systems, experience larger stresses under partial 
should be checked against partial loadings that produce torsional effects. Examples have 

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 

(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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c fig = -1 

Pressure 
distribution ‘) 

1) Windward wall: Cfig the pressure coefficient is 0,8 
for the entire height. The variation shown in the pressure 
distribution is due to the variation in exposure factor &,. 

C fig = 068 C fig = - 0,s 

I 

L 

I 
I 

C p.1 = -1 

I I 1 

d 

NOTES 

1 Wind perpendicular to one wall: for width, use the dimension perpendicular to the wind direction. 

2 Wind at an angle to the wall: this condition produces high local suctions on the wall which is at a slight angle to the wind. 
The coefficient C P, 1 may occur anywhere over the wall area, but need not be considered in conjunction with the Cfig for 
overall loading. The coefficients CP, 1 for the roof are given in figure 0.2. 

3 End walls: pressure coefficients for end walls (parallel to wind direction) are given in figure D.2. 

4 Interior pressure: coefficients C fig int for interior pressures are given in figure D.2. 

5 Reference height for exposure factor: for the calculation of both spatially averaged and local pressures use 0 5 h for the 
leeward walls, h for the roof and side walls, and the height up to the level under consideration, Z, for the windward wall. 

6 Height hI, the height to which Cexp ’ 
and 30 m for exposure C. 

OS constant, is 10 m for the simplified method and exposure A, l2,7 m for exposure I3 

Figure D.1 - Pressure distribution on flat-roof buildings greater in height than in width 
(Elevation of building) 
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C p,l = -2 

c p.1 = - I,5 

NOTES 

C fig = - 0,7 

# 

C fig = - 0,7 

I Local maximum suctions: the factors CP r for the roof surface occur for wind at an angle to one corner, and are used in the 
design of the roofing itself and its anchorage to the structure. CP 9 1 values are not to be added to the Crig value for determining 
the total uplif% on the roof. 

2 End walls: the end walls are the ones parallel to the wind direction and have a uniform pressure distribution over the whole 
building height, except for local maximum suction as indicated in figure D.I. 

3 Reference height for exposure factor: for the calculation of external pressures on end walls, use h, the total height of the 
building. For the calculation of internal pressures, use 0,5 h unless there are dominant openings in the windward wall, in which 
case use Z, the height of the highest of such openings. 

Figure D.2 - Plan view of building - End wall shape factors and local suction maxima on the roof 
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1 /h = 10 

@ IS0 

l/h =I 

c 

‘ti 
1 

Force coefficient C’for walls above ground 

1 /h = IO - = 

1 - 

a 

6-l 4J 
2( = 0” III 

i/h =I0 

q 
$ ddh 

1 

a 

c F” 

Force coefficient C’for walls on the groun 

Figure D.3 - Free-standing plates, walls and t 

l/h =I 

~lboards 
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b 

t-t 

h: 6: 1 = 1: 1: IO 

External shape factors, Cfig t eti 

9 A B C D 
, 

O0 + 0,8 - I,2 - I,4 - 1,5 

Internal shape factors, Cfig 9 int 

Openings 

Uniformly distributed - 0,5 

Predominating on side A + 0,7 

Predominating on side B - 1,l 

Predominating on side C - 1,3 

Figure 0.4 - Closed passage between large walls 
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IS0 4354: 1997(E) 

r h/d = 1 

\ \ 
h/d =7 

a / 
r N 
II II 

? ? 
c v 

-F-l- 

Total force: F = cf. q - Cdyn - CexP - A, where A = d - h 

Force coefficient, C’for d&C&, > 0,167 

External shape factor C- fig I eH for d,/gG,,p > 0,167 and moderately smooth surface 

I I Wd l/d 
I 

0” 15” 1 30” 1 45’ I 60” 1 

AP=Pi-Pe 
where 

Pi - - cfig, int ’ 4 * Cdyn * cexp 

Pe = cfig . 4 ’ Cdyn * &p 

Stack fully operating, Cfig int = + OJ 

Stack throtded, Cfig 9 int = -I 0,8 

Figure D.5 - Cylinders, chimneys and tanks 
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IS0 4354:1997( E) 

Total force 

F=C’*q*Cdyn*Cexp*A 

where 

7tD2 A=- 
4 

Force coefficient 

C’= 0,2 for D d- > 0,8 and moderately smooth surface 

dp=Pi-Pe 
where 

pi for closed tanks is the working pressure 

Pe = cfig ’ 4 ’ Cdyn ’ cexp 

External shape factor Cfig . ext, for D ,/G > 0,8 and moderately smooth surface 
/ 

a 
, 1 

0’ 15” 30’ 45” 60” 75’ 90’ 105O 120” 135O 1 5o” 165” 180” 

+I +0,9 +0,5 -0,l -0,7 -I,1 -I,2 -1 - 0,6 -0,2 +O,l +0,3 +0,4 

Figure D.6 - Spheres 
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IS0 4354: 1997(E) @ IS0 

External shape factors, C’fig I ea 

e A B c D E F G H J K 

0” + 0,7 - 0,2 - 0,3 - 0,3 -0,l - 0,5 - 0,8 - 0,8 - 0,4 -0,l 

I 30” I +0,6 I -0,3 I +0,2 1 -0,4 I -0,l I -0,4 I -0,7 1 -0,9 1 -0 ! 7 1 -04 9 1 

Radius r = 5/6 b 
h:b:l= 1:12:12 

z! 
1 

t 
c A B 

1 ’ ) / 

b 

N i 

P I 

I Q 
b 

Shaded area to scale 

0 A B C D L M N 0 P Q 
90” - 0,3 - 0,3 + 0,9 - 0,3 - 0,8 - 0,7 - 0,5 - 0,3 - 0,l - 0,l 

I 30” I Section m, CD . I = -I,8 with minimum CD- I= - 2,5 I 

Internal shape factors, Cfig 9 int 

Figure D.7 - Hangar with curved roof and moderately smooth surface 
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@ IS0 IS0 4354:1997(E) 

h:d:r = 1:1:1,5 

I 
I 

Pi ’ 

Total force on roof 

F+Pi-Pe)A 
pi = working pressure 

Pe = cfig * 4 a Cdyn * cexp 

A&-j2 
4 

External shape factor, Cfig 9 ed = - 1 

Figure 0.8 - Roof load on smooth closed tank 

Force coefficients, Cf 

IID > 100 
Total force 

F=Cf*q*Cdyn*Cexp*A 
A=Dd 

Figure D.9 - Poles, rods and wires 
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@ IS0 ISO4354:1997( E) 

As/A s 0,3 
A=D-lorh-1 
I = true length of member 

P = angle between wind direction and the normal to member axis 
k, is a function of As/A and x/b 

Total force in wind direction, F = c F, 

F,,, = Force on member 

en = kred l C, ,/?‘4’Cdyn l &w’ACO@ 

For a shielded member 

Fm = krd l Cw, p l kd l Cdyn . Cexp l ACOSP 

For sharp-edged members 

C-, p = kp l C,,, and kp l Ct, w 

See figure D.10 for Cn, w and C,, w values 

P 

0” 
15” 

3o” 

45” 

Round members, smooth and Round members, moderately 
Sharp-edged members rough surfaces smooth swfaces 

D&q- < 0,167 DJqc,,p>o,l67 

kP k red k, c-9 B k red k, c-S p k red k, 

1 192 W 

0,98 
See See 

1,16 
See See 

0,58 
* 

0,93 figure figure I,04 figure figure 0,53 
0,9 for 

l/D = 25 0,95 

088 ’ D.10 D.14 ’ 0,85 
D.10 D.14 

0,42 

60” 098 096 0,28 

Figure D.12 - Three-dimensional trusses 
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IS0 4354:1997(E) @ IS0 

As = cross-section area 
A = ht l I 
As/A = solidity ratio 
For wind normal to surface of area A: 

Normal force I$ = kr& - C,, o. - 4 - Cdyn - Cexp - A, 

Force coefficient C,, w for an infinitely long truss, 0 G As/A G 1 

\ 
As/A 0 a1 0,15 092 0,3 to 0,8 0,95 1 

I 
C 00 n, 2 I,9 196 197 196 198 2 \ 

Reduction factor k,*d for trusses of finite length and slenderness 

A& llht 0,25 0,5 099 0,95 1 
1 1 

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 O,9 
00 1 1 1 1 I 1 1 

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

I 

t 

9x 

Plane of 
member I 

Plane of 
member 11 

9x =k,* 9 

Shielding factor, k, 

I x/h AJA 01 I 9 0,4 1 0,5 1 0,6 1 0,8 1 1 1 --- .- 

03 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 0,3 033 03 

4 1 099 0,78 xO,65 0,52 0,4 094 094 

6 1 0,93 0,83 0,72 0,61 1 0,5 0,5 095 

Figure D.14 - Shielding factors 
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@ IS0 

Annex E 
(informative) 

IS0 4354:1997(E) 

Dynamic response factor, Cdyn 

E.1 General remarks 

This annex presents procedures which are recommended for determining the dynamic response factor referred to in 
clauses 5 and 9 of this International Standard. This factor, Cdyn, is defined as the ratio of the maximum effect of the 
loading to the mean effect of the loading incorporating the reference velocity pressure. It takes into account the 
dynamic (i.e. fluctuating with time) action of 

- random 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 forces act on the external surfaces of the structure as a whole or on cladding components and may also 
affect internal surfaces. They may act longitudinally, laterally or torsionally and may be amplified by resonance of 
the structure at one or other of its natural frequencies. 

All structures are affected to some degree by these forces. The total response may be considered as a 
superposition of a “background” component, which acts quasi-statically without any structural dynamic 
magnification, and a “resonant” component due to excitation 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 and by using normal static methods. For structures which are particularly tall or long, slender, light- 
weight, flexible or lightly damped, the resonant component may be dominant. 

Criteria are suggested for when these dynamic effects 
using the simplified procedures given in annex A. 

may be significant. The majority of structures can be treated 

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

Wp = Wm + gw~w . . . (E.l) 

where 

Wm is the mean loading effect; 

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

g, 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 

Cdyn = 1 + (gw&fwm), if wm # 0 . . . (E.2) 

The form of the fluctuating wind loading effect, ow, 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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