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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity assessment,
as well as information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html.

The committee responsible for this document is ISO/96, Cranes, Subcommittee SC 10, Design principles
and requirements

This second edition cancels and replaces the first edition (ISO 4302:1981|I which has been technically
revised. All clauses have been technically revised to be aligned with [SO 20332, in combination with
[SO 8686-1, and the informative Annex A, “Wind maps”, has been added.
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Cranes — Wind load assessment

1 Scope
This International Standard specifies the assessment of wind loads on cranes.

It establishes general methods for calculating wind loads (for in-service and out-of-service conditions),
which are included in the load combinations stated in ISO 8686-1 and used for proofs of competence
such as those given in [SO 20332 for the structural components of cranes.

It provides a simplified method of calculation and assumes that

— the wind may blow horizontally from any direction,

— the wind blows at a constant speed,

— there is a static reaction to the wind load applied to the crane structure.

It includes built-in allowances for the effects of gusting (fluctuation in wind speed) and for dynamic
response.

It gives guidance on when to secure the crane for out-of-service conditions.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 8686-1:2012, Cranes — Design principles for loads and load combinations — Part 1: General

3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the following terms and definitions apply. The main symbols are
given in Table 1.

31
in-service wind
maximum wind that the crane is designed to withstand under operating conditions

3.2

out-of-service wind

maximum (storm) wind blowing from the least favourable direction that a crane is designed to
withstand when in an out-of-service condition

© ISO 2016 - All rights reserved 1
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Table 1 — Main symbols
Symbol Description
A Characteristic area
Ay Wind area of the suspended load
C, cy Shape coefficients
D Diameter of a circular section
F Wind load
frec Recurrence interval factor
K Terrain-roughness-coefficient
Fy Wind load due to the wind on the hoist load
my Mass of the gross or hoist load in kilograms
p In-service wind pressure
q(2) Equivalent static out-of-service wind pressure at height z
R Recurrence interval
Vg 3 s gust amplitude
Vs Wind speed, used as a basis of the calculation
" Wind speed component acting perpendicularly to the longitudinal axis or surface of
a member
v(2) Equivalent static out-of-service wind speed at the height z
v(@)* \}:Vi_nd speed component acting perpendicularly to the longitudinal axis of a member at
eight z
Vm(z) 10 min mean storm wind speed at height z, in metres per second
Vref Reference storm wind speed
z Height above the surrounding ground level, in metres
&g Gust response factor
6 Angle of the wind direction to the longitudinal axis or face (6 < 90°)
n Shielding factor
Nw Factor for the remaining hoist load in out-of-service condition
p Density of the air

4 Wind pressure

The wind pressure, p, is given by the formula

p=05xpxv’ (1)

where

p is the density of air which, for design purposes, is assumed to be constant p = 1,225 kg/m3;
vs isthe wind speed, used as a basis of the calculation.

When using the international system of units (SI), where p is expressed in N/mZ2 and v in metres per
second (m/s), the following applies:

p=0,625xv? 2)

2 © IS0 2016 - All rights reserved
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5 In-service wind

5.1 General

The wind loading shall be applied in the least favourable direction in combination with the appropriate
loads as defined in ISO 8686-1:2012, load combinations B and C.

In-service design wind speeds and corresponding pressures shall be either selected based on Table 2 or
specified based on the crane configuration, application and the wind conditions. The in-service design
wind speed shall be documented in the operating manual of the crane.

Table 2 — In-service design wind speeds vs and pressures p

Design wind speed Design wind pres-

sure
Type of crane or application Vs p
m/s N/m?2

Cranes that are easily secured against wind action and which are
designed for operation in light winds only (e.g. cranes of low chassis 14 125
height with booms that can be readily lowered to the ground)

All normal types of crane installed in the open 20 250
Cranes in process applications, where a crane must continue to work

S ; 28,5 500
in high winds

The wind speed shall be measured at the highest point of the crane. The in-service design wind speed
in Table 2 is based on the premise that the crane can be fully secured in an out-of-service configuration
before the design wind speed is exceeded. As the means for this securing vary by crane type and
configuration, the time allowance (e.g. locking devices at special locations of the crane runway, hand-
operated or automatic rail clamps) shall take this into account by a lower level of wind speed chosen
to start the securing. Wind speeds for the use of different crane configurations and for the starting of
securing shall be specified.

5.2 Action of in-service wind on suspended load

On all cranes, the action of the wind on the load must be taken into account and the method by which this
is done shall be clearly described. This may be accomplished by use of wind loads on load parameters of
size and shape. The wind load Fy on the load shall be calculated as a minimum as follows:

Fu=cuxAuxp (3)

where

Fy  isthe wind load on the suspended load in the direction of the wind;
cy isthe shape coefficient of the suspended load;

Ay isthe wind area of the hoist load;

p is the wind pressure corresponding to appropriate design condition.

In the absence of detailed information on the load it shall be assumed that cyg = 2,4 and Ag = 0,000 5 x my,
where Ay is expressed in square metres (m2) and my is the mass of the hoist load in kilograms (kg).

Additionally, the effects of wind actions on the load may be limited by
— areduction of the rated load based upon wind speed, load area and shape factor,

— alimitation of the in-service wind speed for loads exceeding a stipulated surface area.

© ISO 2016 - All rights reserved 3
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5.3 Wind load calculations

For crane structures or individual members used in crane structures the wind load, F, in the direction
of the wind, is calculated from the formula:

F=AxpxC(Ct 4)

where

F is the wind load acting perpendicularly to the longitudinal axis of the member (see 5.6)

A is the characteristic area, i.e. the projection of the solid area of the member on to a plane
perpendicular to the wind direction;

p is the wind pressure corresponding to appropriate design condition;

Cr is the shape coefficient for the member under consideration, with reference to the wind
direction and the characteristic area (see 5.4). Values shall be either those given in Table 3
or those derived by recognized theoretical or experimental methods (e.g. wind tunnel or full
scale tests), or other recognized sources.

The total wind load on the structure is taken as the sum of the loads on its members.

5.4 Shape coefficients for individual members, frames, etc

Shape coefficients, Cy, for individual members, single lattice frames, and machinery houses, etc. vary
according to the aerodynamic slenderness and, in the case of large box sections, with the section ratio.
Aerodynamic slenderness and section ratio are defined in Figure 1.

Where a frame is made up of flat-sided and circular sections, or of circular sections in both flow regimes
(D xvs<6m2/sand D x vg 2 6 m2/s, with D the diameter of a circular section in metres, and vs the design
wind speed in metres per second, the appropriate shape coefficients are applied to the corresponding
frontal areas.

Table 3 — Shape coefficients Cr per aerodynamic slenderness

Aerodynamic slenderness1/b or1/D
Type Description (see Figure 1)
5 10 20 30 40 50

Individual |Rolled sections,rectangles, hollow sections, flatplates|1,3 1,35 1,6 1,65 1,7 19

members Circular sections where D x vg <6 m2/s 0,75 10,80 0,90 0,95 1,0 1,1
Circular sections where D x vg>6 m2/s 0,60 [0,65 0,70 0,70 0,75 10,8
b/d
>2 1,55 |1,75 1,95 (2,1 2,2

Box sections over 350 mm square and

250 mm, 450 mm rectangular 1 1,40 11,55 1,75 1,85 1,9

0,5 1,0 |1,2 1,3 1,35 |14
0,25 (0,8 |09 09 1,0 1,0

Single lattice |Flat sided sections 1,7
frames Circular sections where D xvg< 6 m2/s 1,2
Circular sections where D x vg> 6 m2/s 0,8

Machinery |Rectangular clad structures on ground or solid
houses, etc. |base (air flow beneath structure prevented)

4 © IS0 2016 - All rights reserved
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1  wind direction
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length of member

I 1

breadth of section across wind front

b

depth of section parallel to wind flow - E

Figure 1 — Aerodynamic slenderness and section ratio

5.5 Shielding factors — Multiple frames or members

=—or—
breadth 6 sectionacrosswindfront b D

Where parallel frames or members are positioned so that shielding takes place, the wind load on the
windward frame or member and on the unsheltered parts of those behind it are calculated using
the appropriate shape coefficients. The shape coefficients on the sheltered parts are multiplied by a
shielding factor, 1, given in Table 4. Values of n vary with the solidity and spacing ratios as defined in

Figure 2.

Table 4 — Shielding factors (1)

. . Solidity ratio (see Figure 2)
Spacing ratio AfAe

a/b

0,1 0,2 0,3 0,4 0,5 20,6
0,5 0,75 0,4 0,32 0,21 0,15 0,1
1,0 0,92 0,75 0,59 0,43 0,25 0,1
2,0 0,95 0,8 0,63 0,5 0,33 0,2
4,0 1 0,88 0,76 0,66 0,55 0,45
5,0 1 0,95 0,88 0,81 0,75 0,68
6,0 1 1 1 1 1 1

© IS0 2016 - All rights reserved
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NS

a) Solidity ratio

- S N

1 -
— < Q <
a a a
b) Spacing ratio
area of solid parts (shown shaded) ZAmembers
Solidity ratio — = =
A, enclosed area bxl
distance between facing sides a
Spacing ratio = =—
breadth of memberacros wind front b
Key

1  wind direction
Figure 2 — Solidity ratio and spacing ratio

Where there are a number of identical frames or members spaced equidistantly behind one another in
such a way that each frame shields those behind it, it is accepted that the shielding effect increases up
to the ninth frame and remains constant thereafter. The wind loads are calculated from Formulae (5)

and (6).

On the first eight frames:

F :11_77 xAxpxCy (5)

6 © IS0 2016 - All rights reserved
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F, isthe wind load on the nth frame;
is the shielding factor;

A is the characteristic area, i.e. the projection of the solid area of the member on to a plane
perpendicular to the wind direction;

p is the wind pressure corresponding to appropriate design condition;

Cr is the shape coefficient for the member under consideration, with reference to the wind
direction and the characteristic area (see 5.4). Values shall be either those given in Table 3
or those derived by recognized theoretical or experimental methods (e.g. wind tunnel or full
scale tests), or other recognized sources.

On the 9th and subsequent frames:
1-n° 8
F(nzg): 1n +(n—9)><n x AxpxCg (6)

For design purposes the term 71X used in Formulae (5) and (6) shall be taken as 0,10 whenever it is
numerically less than 0,10.

5.6 Wind loads on individual members (inclined to the wind direction)

Where the wind blows at an angle to the longitudinal axis of a member or to its surface, the wind load
acting perpendicularly to the longitudinal axis or surface is obtained by using, in Formula (1), the wind
speed component vs* calculated by

v: =v_ xsin 6 (7)
where

v~ is the wind speed component acting perpendicularly to the longitudinal axis or surface;
S

Vs is the wind speed, used as a basis of the calculation;

0 is the angle of the wind to the longitudinal axis or surface (6 < 90°).

6 Out-of-service wind

6.1 General

The speed of the out-of-service wind (3.2) varies with the geographical location and the degree of
exposure to prevailing winds.

Cranes with parts that can be readily lowered to the ground, e.g. with telescoping jibs or with towers
that are readily telescoped by means of self-contained mechanisms, or cranes allowed to weathervane
(self-aligning into a most favourable position), need only be designed for out-of-service wind in this
position. Operating instructions for such cranes shall include the requirement that all parts be secured
from wind exposure when not in service.

The operating instructions for cranes that require the installation of wind stabilizers, or other means
not used during operation, in order to resist the specified out-of-service wind speed shall state the
wind speed that the crane can safely sustain in its operating configuration; they shall also describe
the provisions that must be followed in order that the crane may safely withstand the specified out-of-
service wind.

© ISO 2016 - All rights reserved 7



BS ISO 4302:2016
ISO 4302:2016(E)

6.2 Loads due to out-of-service wind

For the calculation of loads acting on a crane due to out-of-service wind, it is assumed that the wind
blows horizontally at a speed increasing with the height above the surrounding ground level.

The out-of-service wind loads assumed to act on a member of a crane and/or on the hoist load remaining
suspended from the crane shall be calculated by

F=q(z) xCsx A 8)
where

q(z) isthe equivalent static out-of-service wind pressure at height z;

for a member of the crane

F is the wind load acting perpendicularly to the longitudinal axis of the crane member;
Cr is the shape coefficient of the member under consideration (see Clause 5);
A is the area of the member under consideration;

for the hoist load remaining suspended from the crane

F is the wind load, acting on the remaining hoist load in direction of the wind speed;
Cr is the shape coefficient of the remaining hoist load in direction of the wind speed;
A is the maximum possible area of the remaining hoist load.

In the absence of detailed information of the remaining load it shall be assumed that Cf = 2,4 and
A=0,0005 x 1y x my, where my is the mass of the hoistload in kilograms and n,y is the factor (0 < nw< 1)
for the remaining hoist load in the out-of-service condition.

6.3 Equivalent static out-of-service wind pressure
The equivalent static out-of-service wind pressure at height z is calculated by

q(z) =0,5 x p x v(2)2 9)
where

p is the density of the air, set to p = 1,225 kg/m3;

v(z) isthe equivalent static out-of-service wind speed at height z

V(z):frecx Vm—(z)+(D xv—g XV o (10)

8 © IS0 2016 - All rights reserved
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frec is a factor depending on the recurrence interval R; for crane design in general an out-/
of-service wind, which may recur once in intervals of 5 years to 50 years (R=5 to R = 50)
should be selected on the basis of the crane duration on the site of installation:

frec=0,8155 for R=75;

frec=0,8733 for R=10;
frec=09463 for R=25;
frec=1,0 for R=50;

vm(z)  isthe 10 min mean storm wind speed at height z, in metres per second;

Vref is the reference storm wind speed, in metres per second, depending on the particular ge-
ographical region, and which is defined as the mean storm wind speed with a recurrence
interval of once in 50 years, measured at 10 m above flat open country, and averaged over
a period of 10 min;

dg is the gust response factor (@g may be simplified to g = 1,1);
Vg is a 3 s gust amplitude beyond the 10 min mean storm wind.
Formula (10) may be simplified using, conservatively, factors of flat open country, as
V(2) = frec % [(2/10)0.14 + 0,4 ] x vyef (11)

Applying conservative assumptions:

vg:vrefx2>< /6><K and

K is the terrain-roughness-coefficient, set to K= 0,0055 and the gust response factor &g = 1,1.

6.4 Wind loads on individual members (inclined to the wind direction)

For a crane member, the component v(z)* of the wind speed acting perpendicularly to the longitudinal
axis of the crane member shall be applied. The wind load perpendicular to the area of the member shall
be calculated by Formula (9) using the wind speed component calculated by

v(z)* =v(z) x sinf (12)
where
0 is the angle between the direction of the wind speed v(z) and the longitudinal axis of the

member under consideration;
z is the height above the surrounding ground level, in metres;

For the hoist load remaining suspended from the crane, the substitution of v(z) by v(z)* shall not be
applied.

6.5 Storm wind maps

Storm wind maps and storm wind speeds are given in Annex A, indicating the regions in which the
same reference storm wind speeds are applicable.

Where cranes are installed or used for extended periods in areas where, due to the local topographical
configurations, the out-of-service wind is expected to be more severe than indicated in Annex A, the

© ISO 2016 - All rights reserved 9
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equivalent static out-of-service wind speeds and pressures, calculated by the equations given above,
shall be modified according to meteorological data and/or aerodynamical considerations.

More detailed (national) wind maps or local meteorological data, based on the assumptions of this
clause, may be used as sources for the reference storm wind speed, vyef [see Formula (10)].

10 © IS0 2016 - All rights reserved
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Annex A
(informative)

Reference storm wind speeds

A.1 Europe

A.1.1 France

See Figure A.1 and Table A.1.

Key

I:‘ Zone 1 .
I:‘ Zone 2 . Zone 4

Figure A.1 — Map of metropolitan departments of France indicating regions where the same
reference storm wind speeds are applicable

Zone 3

Table A.1 — Reference storm wind speeds, vy¢f, in France

Metropolitan department
(see Figure A.1)
1 2 3 4 Guadeloupe| Guyane |Martinique| Réunion

Vref [m/s] 22 24 26 28 36 17 32 34

Zone label or Overseas department

region name

© ISO 2016 - All rights reserved 11
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A.1.3 Spain

See Figure A.2 and Table A.2.

San Sebastian

Barcelona

O Madrid

o
Albacete

Granada
o

Q
Malaga Almera

Key

Zone 1

Zone 2

Figure A.2 — Map of Spain indicating regions where the same reference storm wind speeds are
applicable

Table A.2 — Reference storm wind speeds, v, in Spain

Iberian peninsula . North Africa
Zone label or (see Figure A.2) Balearic Islands Canary Islands (coast/shore)
region name - ——
1 2 Notincluded in Figure A.2
Vref [m/s] 24 25 28 28 | 28

12 © IS0 2016 - All rights reserved
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A.1.5 Ireland

See Figure A.3 and Table A.3.

4

Zone 2

Key

Figure A.3 — Map of Ireland indicating regions where the same reference storm wind speeds
are applicable

Table A.3 — Reference storm wind speeds, vi¢f, in Ireland

Zone label or 1 2
region name
Vref [M/s] 32 36

© IS0 2016 - All rights reserved 13
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A.1.7 The Netherlands

See Figure A.4 and Table A.4.

Key

Zone 1

Figure A.4 — Map of The Netherlands indicating regions where the same reference storm wind

14

speeds are applicable

Table A.4 — Reference storm wind speeds, v, in The Netherlands

Zone label or 1 9
region name
Vref [M/s] 28 32

© ISO 2016 - All rights reserved



A.1.9 Sweden

See Figure A.5 and Table A.5.

Key

Zone 1

Zone 2
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Figure A.5 — Map of Sweden indicating regions where the same reference storm wind speeds

Table A.5 — Reference storm wind speeds, v,¢f, in Sweden

are applicable

Zone label or
region name

1

2

Vref [m/s]

24

28

© IS0 2016 - All rights reserved
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A.1.10 Switzerland

See Figure A.6 and Table A.6.

16

Key

Zone 2

Figure A.6 — Map of Switzerland indicating regions where the same reference storm wind

speeds are applicable

Table A.6 — Reference storm wind speeds, v, in Switzerland

Zone label or 1 2
region name
Vref [M/s] 28 32

© IS0 2016 - All rights reserved
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Zone 1

Zone 2

. Zone 3
. Zone 4

Figure A.7 — Map of Germany indicating regions where the same reference storm wind speeds

Table A.7 — Reference storm wind speeds, vy¢f, in Germany

are applicable

Zone label or

region name 1 2 3 4
(see Figure A.7)

Vref [m/s] 22,5 25,0 27,5 30,0

© IS0 2016 - All rights reserved
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A.1.13 European regions

In the absence of specific data or relevant national maps, the rough storm wind map of Europe shown in
Figure A.8 can be used. See Table A.8.

Figure A.8 — Map of Europe indicating regions where the same reference storm wind speeds
are applicable

Table A.8 — Reference storm wind speeds, v;¢f, in European regions

Zone label

or region name A/B C D E
(see Figure A.8)

Vref [m/s] 24,0 28,0 32,0 36,0

Special conditions should be agreed upon for cranes used in Zone F, where v¢f = 36 m/s. Cranes likely to
be used in different regions should be designed for the conditions applicable in those regions.

18 © IS0 2016 - All rights reserved
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Zone 1

Zone 2

. Zone 3
. Zone 4

Zone 5 . Zone 9

Zone 6 Special wind zones

Zone 7

Zone 8

Figure A.9 — Map of the USA indicating regions where the same reference storm wind speeds

are applicable

Table A.9 — Reference storm wind speeds, v¢f, in the USA

Zone label or

region name 1 2 3 4 5 6 7 8 9
(see Figure A.9)

Vref [m/s] 21,33 22,58 | 25,09 27,60 30,11 32,62 | 3513 | 37,64 | >37,64
NOTE No values given for special wind zones

© IS0 2016 - All rights reserved
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Zone Al Zone A5

Zone A2 . Zone B
. Zone A3 . Zone C
. Zone A4 . Zone D

Figure A.10 — Map of Australia indicating regions where the same reference storm wind speeds
are applicable

Table A.10 — References storm wind speeds, v¢f, in Australia

Zone label or Region

region name Non-cyclonic Cyclonic

(see Figure A.10) Alto A5 B C D
Vref [m/s] 28,3 31,9 37,8 43,6

20 © IS0 2016 - All rights reserved
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Zone A6

Zone A7

. Zone W

Figure A.11 — Map of New Zealand indicating regions where the same reference storm wind
speeds are applicable

Table A.11 — Reference storm wind speeds, v, in New Zealand

Zone label or Region .

region name (non-cyclonic)

(see Figure A.11) A(6to7) w
Vref [M/s] 28,3 32,7

© ISO 2016 - All rights reserved 21
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