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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.
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4. ISO shall not be held responsible for identifying any or all such patent rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explarjation on the meaning of ISO specific terms and expressions related to conformity assess
as well as information about ISO’s adherence to the World Trade ©rganization (WTO) principles
Technical Bafriers to Trade (TBT) see the following URL: www:i§o.org/iso/foreword.html.

The committee responsible for this document is ISO/96,£ranes, Subcommittee SC 10, Design prin
and requirenients

This second gdition cancels and replaces the firstiedition (ISO 4302:1981), which has been techn
revised. All ¢lauses have been technically revised to be aligned with ISO 20332, in combination
ISO 8686-1, gnd the informative Annex A, “Wind maps”, has been added.
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INTERNATIONAL STANDARD ISO 4302:2016(E)

Cranes — Wind load assessment

1 Scope

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

It establlshes general methods for calculatlng w1nd loads (for in-service and 0ut—of-serv1ce conditions),

such 3 sthose given in ISO 20332 for the structural components of cranes
It projrides 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
response.

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

2 Normative references

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

[SO 8p86-1:2012, Cranes — Design principles for loads and load combinations — Part 1: Gené

3 Terms, definitions, symbols and abbreviated terms

For the purposes of thissdocument, the following terms and definitions apply. The main
given|in Table 1.

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

3.2

competence

for dynamic

nent and are
For undated
ies.

ral

symbols are

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

© ISO 2016 - All rights reserved
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Table 1 — Main symbols

Symbol Description
A Characteristic area
Ay Wind area of the suspended load
Cr, 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
mH Mass of the gross or hoist load in kilograms
p In-service wind pressure
q(7] 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 surfage of
a member
v(z Equivalent static out-of-service wind speed at the height z
V(2 ;/l\li_nd speed component acting perpendicularly to the longitudinal axis of a membper at
eight z
V(%) 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
(oo Gust response factor
0 Angle of the wind diredtion to the longitudinal axis or face (8 < 90°)
n Shielding factor
Nw Factor for the rémaining hoist load in out-of-service condition
p Density of the'air
4 Wind pressure
The wind pr¢ssure, p, is\given by the formula
p=0,54pxus 60)
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/m2 and v in metres per
second (m/s), the following applies:

p=0,625><vs2

(2)

© ISO 2016 - All rights reserved
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5

5.1

ISO 43

In-service wind

General

02:2016(E)

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 Desigr svl:;réd pres-
Type of crane or application Vs p
m/s IN/m?
Crangs that are easily secured against wind action and which are
desighed for operation in light winds only (e.g. cranes of low chassis 14 125
heighlt with booms that can be readily lowered to the ground)
All nqrmal types of crane installed in the open 20 250
Crangs in process applications, where a crane must continue to work
A ; 28,5 500
in high winds

The v
in Tal
befor
config
oper
to st
secur

5.2

On all
is dor
size a

Fi

wher

F

ind shape. The winddoad Fy on the load shall be calculated as a minimum as follows:

le 2 is based on the premise that the crane can be fully secured in an out-of-service ¢
e the design wind speed is exceeded. As theimeans for this securing vary by crg

ted or automatic rail clamps) shall take this into account by a lower level of wind s

rt the securing. Wind speeds for theuse of different crane configurations and for th
ing shall be specified.

Action of in-service wind'on suspended load

cranes, the action of thé wind on the load must be taken into account and the method
e shall be clearly described. This may be accomplished by use of wind loads on load p

i = CH X Al xp

HC~ is the wind load on the suspended load in the direction of the wind,;

ind speed shall be measured at the highest point@f the crane. The in-service design wind speed

onfiguration
ne type and

ruration, the time allowance (e.g. locking.devices at special locations of the crane riinway, hand-

peed chosen
e starting of

by which this
arameters of

3

CH

A

p

is the shape coefficient of the suspended load;
u isthe wind area of the hoist load;

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).

Addit
— a

— 4a

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

limitation of the in-service wind speed for loads exceeding a stipulated surface area.
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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)

D

A is fhe characteristic area, 1.e. the projection of the solid area of the member on to a plan
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
orthose derived by recognized theoretical or experimental methods{e;g. wind tunnel gr full
scale tests), or other recognized sources.

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

5.4 Shapd coefficients for individual members, frames, ete

Shape coeffigients, Cy, for individual members, single lattice.ftames, and machinery houses, etc| vary
according to[the aerodynamic slenderness and, in the case of'large box sections, with the section|ratio.
Aerodynamif slenderness and section ratio are defined.igFigure 1.

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

Table 3 — Shape coefficients Cr per aerodynamic slenderness

S

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

Individual [|Rolled sectiofis;rectangles, hollow sections, flatplates| 1,3 1,35 1,6 1,65 1,7 149

members Circular’sections where D x vg <6 m2/s 0,75 10,80 0,90 0,95 1,0
Circular sections where D x vg>6 m2/s 0,60 |0,65 0,70 0,70 0,75 10,8
b/d
>2 +55— 175 95— 2;1 22
Box sections over 350 mm square and 1 140 155 5 1185 |19

250 mm, 450 mm rectangular

t
1,7

0,5 1,0 |1,2 1,3 1,35 |14
09

0,25 (0,8 |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 11
houses, etc. |base (air flow beneath structure prevented) ’

4 © IS0 2016 - All rights reserved
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1 - -
—
length of member 1 |1
Aerodynamic slenderness length of member = =—o1—
breadth of section across windfront b |[D
breadth of section across wind front
Section ratio (for box sections)= =—
depth of section parallel.to wind flow d
Key
1  wjind direction
Figure 1 — Aerodynamic slenderness and section ratio
5.5 (Shielding factors — Multiple frames or members
Where parallel frames or members are positioned so that shielding takes place, the wind load on the
windyard frame or member and on“the unsheltered parts of those behind it are caldulated using
the appropriate shape coefficients:"The shape coefficients on the sheltered parts are myltiplied by a
shielding factor, 1, given in Table) 4. Values of n vary with the solidity and spacing ratios ps defined in
Figurg 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

© ISO 2016 - All rights reserved
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NS

2) Solidityv ratio
J J

— = ——

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 member across wind front b

Key
1  wind dirgction

Figiire 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 increages up
to the ninth frame-and remains constant thereafter. The wind loads are calculated from Formulhe (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;

(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-these-derived-by reccgn:z_ed theeretical-or-experimentalmethods{e-g—windtunnel or full
scale tests), or other recognized sources.

On the 9th and subsequent frames:
9
1-
F] = 1 +(n—9)><778 xAxpxC
n29) 1-n f

For d
nume

5.6

Wher
acting
speed

v

q

wher

6 (

6.1

bsign purposes the term 7n* used in Formulae (5) and (6) shalkbe taken as 0,10 w
rically less than 0,10.

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

e the wind blows at an angle to the longitudinal axjs‘of a member or to its surface, t
b perpendicularly to the longitudinal axis or surfdée-is obtained by using, in Formula
component vg* calculated by

=V x sin O

is the wind speed compenent acting perpendicularly to the longitudinal axis or 3

is the wind speed;.used as a basis of the calculation;

is the angle ef'thie wind to the longitudinal axis or surface (6 < 90°).

ut-of-service wind

General

henever it is

he wind load
(1), the wind

(7)

urface;

The

| £ 41 £ of H rad L2 O H sela 1o las 11 43 J
PECU U TIICT UUTUIESTT VILTWIITU (J. 4 ] VAT TTS T WItITm tIICT gt U T dpInt dr 1oL AativliT diTa—t

exposure to prevailing winds.

e degree of

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
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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) xCex A (8)

where

q(z) s the 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 thember;
Cr ils the shape coefficient of the member under consideration (see Clause’5);
A ils the area of the member under consideration;

for the hoist Joad remaining suspended from the crane

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

In the absence of detailed information of the remdaining load it shall be assumed that Cf = 2, and
A=0,0005 x|nyw x my, where my is the mass of the-hoist load in kilograms and nyy is the factor (0 < < 1)
for the remajning hoist load in the out-of-service condition.

6.3 Equivplent static out-of-serviee wind pressure

The equivalgnt static out-of-service wihd pressure at height z is calculated by

q(z) =0, x p x v(2)?2 9)
where
p idthe density of the air, set to p = 1,225 kg/m3;

v(z) idthe 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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Jfrec 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:

fi"ec = 0,815 5 fOI‘ R = 5;

frec=0,8733 for R=10;
frec=09463 for R=25;
ﬁ‘ec = 1;0 fOI' R= 50;

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

Vbt is the reference storm wind speed, in metres per second, depending on thé'pafticular ge-
ographical region, and which is defined as the mean storm wind speedwith a|recurrence
interval of once in 50 years, measured at 10 m above flat open countfy,and averaged over
a period of 10 min;

0] 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.

6.4

For a
axis g
be ca

1%

wher

11a (10) may be simplified using, conservatively, factors offlat open country, as

7) = frec x [(2/10)014 + 0,4 ] x vyef

ing conservative assumptions:

:vref><2>< /6><K and

is the terrain-roughness-coefficient, set to K= 0,0055 and the gust response fact

Wind loads on individualmembers (inclined to the wind direction)

crane member, the companent v(z)* of the wind speed acting perpendicularly to the

culated by Formula{9) using the wind speed component calculated by

7)* = v(z) x sin®@

is the angle between the direction of the wind speed v(z) and the longitudinal a3

(11)
or g=1,1.
longitudinal

is of the

mﬂmbnr undnr r‘nncidnrntinn;

V4

is the height above the surrounding ground level, in metres;

f the crane member shall be applied. The wind load perpendicular to the area of the mmember shall

(12)

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
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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 Flgure A.1 and Table A.1.

Key

I:] Zone 1
I:] Zone 2 . Zone 4

Figlire 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

© IS0 2016 - All rights reserved 11
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A.1.3 Spain
See Figure A.2 and Table A.2.

San Sebastian

Grense
o

Barcelona

O Madrid

o
Albacete

Granada
o

Almera

Malaga

Key

Zonle 1

Zonle 2

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

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

7 label Iberian peninsula Balearic Islands Canary Islands North Afriga
one label oy see Figute A.2 coast/shoile
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.

Key

Zone 1

Zone 2

xO
Figure A.3 — Map of Ireland indica{\é‘?egions where the same reference storm wjnd speeds

are applicable

O

Table A@O Reference storm wind speeds, vi¢f, in Ireland

Zonelabel or 1 2
'y name
ef [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

Zon

Figure A.4

el

e 2

— Map of The Netherlands indicating regions where the same reference storm wind

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

speedsare applicable

Zone label or
region name

1

2

Vref [¥/s]

28

32

14
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A.1.9 Sweden

See Figure A.5 and Table A.5.

Key

Zone 1

Zone 2

ISO 4302:2016(E)

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

Table A5 — Reference storm wind speeds, v,¢f, in Sweden

are applicable

Zonelabel or 1 9
region name
Vyef [M/s] 24 28

© ISO 2016 - All rights reserved
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A.1.10 Switzerland

See Figure A.6 and Table A.6.

Key
- s

Figure A|6 — Map of Switzerland indicatingregions where the same reference storm wind

speeds.are applicable
o

Table A.6 — Refer@&storm wind speeds, vyef, in Switzerland

~

Zone label or__

region narpg\o ’ 1 2

Vref [m/sE" 28 32

16 © IS0 2016 - All rights reserved
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A.1.11 Germany

See Figure A.7 and Table A.7.

Key

Zone 1

. Zone 2

Figufre A.7 — Map of Germt@

£

&

oF

c}\ ]

ndicating regions where the same reference storm w

are applicable

ISO 4302:2016(E)

Zone 3

Zone 4

rind speeds

@ e A.7 — Reference storm wind speeds, v;¢f, in Germany
?~
[~

Zonellabel or

regiogn nam Q 1 2 3 4
(see HiguresAl %

Vref [m@l\ 22,5 25,0 27,5 30,0

© ISO 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.

2088

4ﬁ""ll’J

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

are applicable

Table Ai8-=— Reference storm wind speeds, v;¢f, in European regions

Zone label

or region name A/B C D E
(see Figure Al8)

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

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