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INTERNATIONAL STANDARD
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Cranes — Wind load assessment

1 Scope and field of application

This International Standard relates to wind loads.aon [cranes.

It gives a simplified method of calculation and assumes that the
wind can blow horizontally from any direction, that the wind
blows at a constant velocity and that there is a static reaction to
the loadings it applies to the crane structure. It includes built-in
allowances for the effects of gusting (rapid changes in wind
velocity) and for dynamic response.

A precise method for calculations of the loadings which arise

due to the dynamic response of a crane and its load due to
gusting will be given in a separate document.

2 Wind pressure

The dynamic wind pressure p is given by the formula
p=Kv?

where

K is a factor related to the density of air which for design
purposes is assumed to be constant;

vs is the wind speed, used as a basis of the calculation.

In Sl units?,-when p is'expressed in kilopascals (kPa) and vin
metres per second (m/s) :

p = 0,613 x 10-3y2

3’ Design wind conditions

Two design wind conditions are taken into account in
calculating wind loads on cranes.

3.1 In-service wind

This is the maximum wind that the crane is designed to with-
stand under operating conditions. The wind loading is assumed
to be applied in the least favourable direction in combination
with the appropriate service loads. In-service design wind
speeds and corresponding pressures are given in table 1. If the
manufacturer uses in-service design wind values which differ
from those in table 1, the values used should be stated on the
crane certificate.

3.1.1 Action of wind on suspended load

On all cranes, the actionof 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 :

a) a method of rated load reduction based upon wind
velocity, load area and shape factor;

1) A conversion chart covering vg in knots, mile/h and m/s, and p in Ibf/ft2, Pa, and kgf/m2 is given in the annex.
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b) a limitation of the in-service wind speed for loads ex-
ceeding a stipulated surface area;

c) by use of wind forces on load parameters of size and
shape. The wind force on the load is calculated as a
minimum as follows :

Cranes of type a) in table 1
S = 0,015 mg kN

Cranes of type b) in table 1
f = 0,03 mg kN

Cranes of type c) in table 1
f = 0,06 mg kN

where

f is the wind force due to the wind on the hook load, in
kilonewtons;

m is the mass of the hook load, in tonnes;
g s acceleration of free fall equal to 10 m/s2.

Where a crane is designed to handle loads of specific size and
shape only, the wind force on the suspended/load ‘shall(bé
calculated for the appropriate dimensions and configuration.

3.2 Out-of-service wind

This is the maximum (storm) wind blowing from the least
favourable direction that a crane is designed to withstand when
in an out-of-service condition. The speed varies with the
geographical location, and the degree of exposure to prevailing
winds.

Out-of-service design wind velocities for use with this Interna-
tional Standard will be given in a further table to be produced
when the requisite information becomes available. For the pre-
sent, out-of-service design wind speeds should be taken from
the appropriate national standards.

Mobile cranes with jibs not more than 30 m in length that can
be readily lowered to the ground, low pivot cranes with
telescoping jibs, and cranes with towers that are readily
telescoped by means of self-contained mechanisms, only need
to be designed for out-of-service wind in the lowered position.
Operating instructions for such cranes shall include the require-
ment that jibs and/or towers are to be secured from wind ex-
posure when not in service.

The operating instructions for cranes that require the installa-
tion of wind stabilizers, or other means not used during opera-
tion, 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 with-
stand the specified out-of-service wind.

2

4 Wind load calculations

For most complete and part structures, and individual members
used in crane structures, the wind load, F, in kilonewtons, is
calculated from the formula

F = Ap C;
where

A is the effective frontal area of the part under considera-
tion, in square metres, i.e. the solid area projection on to a
plane perpendicular to the wind direction;

p is the wind pressure corresponding to appropriate
design condition, in kilonewtons per square metre;

C; is the force coefficient in the direction of the wind, for
the part under consideration (see clause 5).

For calculating wind loadings for “‘out-of-service conditions”’,
the wind pressure may be taken as constant for every 10 m ver-
tical interval over the height of the crane. Alternatively the ac-
tual design wind pressure at any height may be calculated, or
the design wind pressure at the top of the structure may be
taken as constant over the entire height.

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

5 Force coefficients

5.1 Individual members, frames, etc.

Force coefficients for individual members, single lattice frames
and machinery houses etc., are given in table 2. The values for
individual members 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 table 2.

Force coefficients obtained by wind tunnel or full scale tests
may also be used.

Where a frame is made up of flat-sided and circular sections, or
of circular sections in both flow regimes (D vy < 6 m2/s and
D vy > 6 m2/s, where D is the diameter of a circular section,
in metres, and vg is the design wind speed, in metres per
second) the appropriate force coefficients are applied to the
corresponding frontal areas.

5.2 Shielding factors — Multiple frames or
members

Where parallel frames or members are positioned so that
shielding takes place, the wind force on the windward frame or
member and on the unsheltered parts of those behind it are
calculated using the appropriate force coefficients. The force
coefficients on the sheltered parts are multiplied by a shielding
factor 5 given in table 3. Values of 5 vary with the solidity and
spacing ratios as defined in table 3.



Where there are a number of identical frames or members
spaced equidistantly behind each other 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 ioads, in newtons, are caicuiated from the
following equations :

On the 1st frame :

F1 =Ap Cf

On the 2nd frame :

F, = r]"’—”ApCf

On the 9th and subsequent frames :
Fg=n8ApC

The total wind load, in newtons, is thus :
where there are up to 9 frames,

Fora=01+n+n2+n%+ .
(n <9)

+;7(Il-—'”]ApCf

Il

1— g
vl
1 - 71

where there are more than''9 frames;

Fiota =01 +n+n2+n+..+n8+

(n > 9)

+(n -9 78 x ApC

1-n
=

+ (n —9) ”S:I
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For design purposes the term #* used in the above formula
is taken as 0,10 whenever, numerically, it is less than 0,10.

5.3 Lattice towers
In calculating the “face-on’ wind load on square towers, the

solid area of the windward face is multiplied by the following
overall force coefficients :

for towers composed of fiat-sided sections : 1,7 {1 + )
for towers composed of circular sections,
where D vg < 6 m?/s :
where D vg > 6m2/s : 1,4

The value of 7 is taken from table 3 for a/b = 1 according to
the solidity ratio of the windward face.

The maximum wind load on a square tower occurs when the

wind blows into a corner. It may be taken as 1,2 times for
“face-on’’ load.

5.4 , Parts.inclined to the wind direction
(individual members, frames, etc.)

Where the wind blows at an angle to the longitudinal axis of a

member or to the surface of a frame, the force in the direction

of the wind, F, in newtons, is obtained from the equation :
F=ApCssin29

where

F, A, pand C; are as defined in clause 4;

@ is the angle of the wind (6 < 90°) to the longitudinal axis
or face.
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Table 1 — In-service design wind speeds and pressures

Wind Wind
Type of crane speed pressure
m/s kPa

a) Cranes that are easily secured
against wind action, and are
designed for operation in light
winds only (for example cranes 14 0,125
of low chassis height with booms
that can be readily lowered to the
ground)

b) All normal types of crane

installed in the open 20 0.25
c) Transporter type unloaders which
must continue to work in high 28,5 0,50
winds
Table 2 — Force coefficients
Aerodynamic slenderness /b or 1/D
Type Description
5 10 20 30 40 50
Rolled sections, rectangles, hollow sections, flat plates 1,3 1,35 1,6 1,65 1,7 1,9
Circular sections
where D vy < 6 m2/s 0,75 0,80 0,90 0,95 1,0 1.1
. Dvg>6m2/s 0,60 0,65 0,70 0,70 0,75 0,8
Individual
members b/d
Box sections over 350 mm square and >2 1,55 1,75 1,95 2.1 2,2
250 mm, 450 mm rectangular 1 1,40 1,65 1,75 1,85 1.9
0,5 1,0 1,2 1,3 1,35 1,4
0,25 08 0,9 0,9 1,0 1,0
Flat sided sections - 1,7
Single lattice Circular sections
frames where D vg < 6 m2/s 1,2
Dvg>6m2/s 08
Machinery Rectangular clad structures on ground or solid base 11
houses, etc. (air flow beneath structure prevented) ’
N
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Figure 1 — Aerodynamic slenderness and section ratio




Table 3 — Shielding factors (7)

Spacing ratio Solidity ratio A/A,

alb 01 ] 02| 03 | 04 | 05 |>06
05 075 | 04 | 032 | 021 | 0,15 | 0,1
1,0 092 | 0,75 | 059 | 043 | 0,25 | 0,1
2,0 095 | 08 | 063 | 05 | 033 | 02
4,0 1 088 | 0,76 | 066 | 055 | 045
5,0 1 095 | 088 | 081 | 075 | 0,68
6,0 1 1 1 1 1 1

a) Solidity ratio

J—
- -

Al Cigrea’of solid partss(shown shaded) O (XA dribers
idity ratio — = =
Solidity r AL enclosed area bXxl

b) Spacing ratio

Wind

N\

distance between facing sides a

a

Spacing ratio =

breadth of member across wind front b

Figure 2 — Solidity ratio and spacing ratio
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Velocity vg

Dynamic pressure p <

Annex

Conversion chart for wind speed and pressure

knots
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