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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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Introduction

Cranes play a part in the handling of materials by raising and moving loads the mass of which is within
their rated capacity. However, there may be wide variations in their duty. The design of the crane has
to take account of the duty in terms of conditions of service, in order to reach an appropriate level of
safety and useful life which is in line with the purchaser’s requirements.

Classification serves as a reference framework between purchaser and manufacturer, by which a
particular appliance can be matched to the intended service. It also is the system used to provide a
means of establishing rational bases for the design of structures and machinery.

© ISO 2016 - All rights reserved v
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part of ISO 4301 establishes a general classification of cranes and mechanisms baséed on
itions, mainly expressed by the following:

Lhe total number of working cycles to be carried out during the specified design life of
the load spectrum factor which represents the relative frequencies ofloads to be handl

the average displacements.
Normative references

pensable for its application. For dated references, only the edition cited applies. K
ences, the latest edition of the referenced document (including any amendments) appli

1306 (all parts), Cranes — Vocabulary

Definitions

he purposes of this document, theterms and definitions given in ISO 4306 apply.

Symbols

main symbols used.if this document are given in Table 1.

Table 1 — Main symbols

the service

he crane;

D

d;

following documents, in whole or in part, are normatively referenced in this document and are

or undated
ES.

Symbol Description
A Classes for group classification
C Total number of working cycles
D Classes for average displacement
Kp Load spectrum factor
Kep Load effect spectrum factor of components
P[P] Individual load magnitudes (load levels) of the crane [classes]
Qp Classes Q of load spectrum factors Kj,
Qcp Classes Q of load effect spectrum factor K¢, of components
U Classes of total numbers of working cycles C
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5 Use of classification

5.1 General

Classification has two applications in practice (see 5.2 and 5.3), which although related can be regarded

as separate

objectives.

Determination of an appropriate life requires consideration of economic, technical and environmental
factors, and should have regard to the influence of obsolescence.

5.2 Use

The classification is applied by the purchaser and the manufacturer of a crane and/or load"lifting
attachmentp, between which agreement is necessary on the duty of the crane. The classification [thus
agreed is intended for contractual and technical reference purposes.

Itis also us¢d to specify the service conditions of cranes, load lifting attachments, or components which
are designgd for serial manufacture and allows such items to be selected in,ac¢ordance with their
intended uge.

The specifi¢d classification shall be documented in the crane manuals.

5.3 Use of classification in the design

The second| purpose of classification is to provide a basis for the'designer to build up his analygis of
the design gnd to verify that the crane or component is capabléiof achieving the intended life undef the
specified sdrvice conditions of the particular application.

As a person skilled in crane technology, the designer‘takes the specified service conditions, elther
provided by the purchaser or predetermined by the-manufacturer (as is the case in the design of serial
equipment)f and incorporates them into the assumptions on which his analysis is based, having regard
to all other factors which influence the proportioning of components.

Crane operfition gives rise to stress or load histories in crane structures and components (e.g. wire
ropes, slewing bearings, or wheels and rails). These histories may be classified for the partiqular
component{ The method of determjning this classification is set out in the appropriate standards) e.g.
for structures in ISO 20332.

6 Classification of crane duty for the crane as a whole

6.1 Gendral

Crane dutiefs are determined by the following parameters:

a) the totdlntumber of v\rnr](ing r‘yr‘]pc Hnring the dpcign life;

b) the relative frequencies of loads to be handled (load spectrum, state of loading);

<)

the average displacements.

When the classified ranges of parameters are used, the design shall be based on the maximum values of
the parameters within the specified classes. Use of an intermediate value for a parameter is permissible,
but in that case this design value shall be determined and indicated instead of the class.

6.2 Total number of crane working cycles

For the purpose of classification, a crane working cycle is a sequence of movements which commences
when the crane is ready to hoist the load and ends when the crane is ready to hoist the next load within

© ISO 2016 - All rights reserved
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the same task. A task, r, can be characterized by a specific combination of crane configuration and
sequence of intended movements.

In certain specific tasks for which cranes are used, for example, bulk unloading by grab, the number of
cycles can readily be derived from a knowledge of the total number of working hours and the number
of operating cycles per hour. In other cases, for example, mobile cranes, the number is less easy to
determine because the crane is used in a variety of duties and it becomes necessary to estimate suitable
values on the basis of experience. The total number of working cycles, C, is the sum total of all working
cycles during the design life of the crane.

The total number of crane working cycles during the design life of a crane can be separated into the

numpers of WorkKing cycies corresponding to severat typicat tasgs. |

The fotal number of crane working cycles is related to the frequency of use (e.g. daily)@nd the intended
life (in years) of the crane. For convenience, the range of the total number of crane werking cycles has
beer} divided into 10 classes of utilization in Table 2.

Table 2 — Classes U of total numbers of crane workingeycles, C

Class of utilization Total number of crane working cycles, C

Uo C<1,6x104

Uq 1,6 x 104 < €<3,15 x 104
Uz 3,15 x 1042 (< 6,3 x 104
Us 6,3 x10%=(C<1,25x 105
Uy 1,25%105<C<2,5x 105
Usg 2;5x105<C<5x105
Ue 5x105<C<1x106
Uy 1x106<C<2x106
Usg 2x106<C<4x106
Ug 4x106<C<8x106

6.3 | State of loading

The Joad spectrum factor, Kj, is one of the parameters used to specify the duty of the crane by describing
the dlifferent net loads ta be handled during the working movements. The load spectrum factor takes
intojaccount the numberiof times a load of a particular magnitude, in relation to the rated| capacity of
the ¢rane, is lifted.

Six jominal valués of load spectrum factor are listed in Table 3, each numerically representative of a
corrpspondingnominal state of loading.

Whdre details of the numbers and masses of loads to be handled during the design life of the crane
are nét-known, the selection of an appropriate nominal state of loading shall be agreed hHetween the
manUufacturerand purciaser.

Alternatively, where precise details are available of the magnitudes of the loads and the number of
times these will be handled during the design life of the crane, the load spectrum factor for a task may
be calculated as follows.

© IS0 2016 - All rights reserved 3
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The load spectrum factor, Kp, is given by Formula (1):
c. (p )"
K = |t (@8]
p
Z CT Pmax
where
Ci  represents the average number of load cycles which occur at the individual load levels, = Cy,
Co, C3... Cy;
Ct is[thetotatof atttheindividuattoad cyclesatatttoad fevels, =Z € =€+ €2 ¥ €3 F €
Pj rgpresents the individual load magnitudes (load levels), = Pq, Py, P3... Py
Pmax isfthe heaviest load (rated load for hoists) that may be handled by the crane or,its mechanjsm;
m =|3.
Expanded, Formula (1) becomes:
Cc P 3 C P. C P. 3 Cc P ;
Kp:_l_x_l +_2><_2 +_3><_3 4 n (2)
¢ 3 Pmax CT Pmax CT Pmax CT Pmax
Where therp are several tasks, r, a value Kj, for all tasks is obtained\from
3
i r max,r
KP - Z x pr p (3)
r Tr max
where the subscript, r, indicates the value for the respective task r.
The load spectrum factor for the crane is then(established by matching the calculated load spectirum
factor to th¢ closest (higher) nominal value ©f)K}, in Table 3.
Table 3 — Classes Qp of load spectrum factors, K,
State of Joading Lead speclt(rum factor Remarks on the use of crane
D
Qo0 Kp<0,0313 Cranes which hoist usually very light lpads
Q41 0,0313 <K, <0,0625 and the rated load very rarely
Cranes which hoist the rated load occasionally
Q2 0,0625 < Kp<0,125 and, normally, light loads
Cranes which hoist the rated load fairly|fre-
Q3 0125 <Kp<0,25 quently and, normally, moderate loads
Cranes which hoist the rated load requently
Qp4 0,25 < Kp < 0,50 and, normally, heavy loads
Cranes which are regularly loaded close to
Q> 0,50 < K < 1,00 the rated load
NOTE The classes Qp differ from the classes Q of ISO 4301-1:1986.

6.4 Group classification

Having determined the class of utilization from Table 2 and the state of loading from Table 3, they
can be combined into a single group classification for the crane as a whole. The group classification is

determined

from Table 4.
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Table 4 — Classes A for group classification

Classes Qp and
load Classes U and total number of work cycles
spectrum factor
Kp
Class Design U Uq U Us Ug Us Usg U~y Ug Ug
Qp value of
load
spectrum | 1,6 x 104 |3,15 x 104| 6,3 x 104 | 1,25 x 105| 2,5 x 105 | 5,0 x 105 | 1,0 x 106 | 2,0 x 106 | 4,0 x 106 | 8,0 x 106
factor K,
Qp0 0,0313 A03 A02 A01 A0 Al A2 A3 A4 A5 A6
Q 00625 AQ2 AQ1 AQ Al A2 A3 Ad AS AG A7
Qp3 0,1250 A01 A0 Al A2 A3 A4 AS A6 A7 A8
Qp3 0,250 0 A0 Al A2 A3 A4 A5 A6 A7 A8 A9
Qp4 0,500 0 Al A2 A3 A4 AS A6 A7 A8 A9 A10
Qp 1,0000 A2 A3 A4 AS A6 A7 A8 A9 A10 Al1

Whaere the Qp and U classes are not specified and only the A class is given, the design calculations shall
be based on the number of full load cycles, Cy, as given in the Table 5.

Table 5 — Design basis by classes

Design number of full load
A-class cycles,i.e. Kp=1
Ct

A03 500

A02 1000

A01 2000

A0 4000

Al 8000

A2 16 000

A3 31500

A4 63 000

A5 125000

A6 250000

A7 500 000

A8 1000000

A9 2000000
A10 4000000
All 8000000

6.5 —Average displacements

6.5.1 General
The fatigue design of detailed components requires the values of the stress histories to be determined.

For drive systems, there is a direct proportional relation between number of stress cycles and the
displacement, between travel distance and rotation of wheels or shafts or between hook path and
number of wire rope bendings.

© IS0 2016 - All rights reserved 5
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The average linear or angular (e.g. slewing) displacement, )_(r , resulting in any drive serving between
working spaces 1 and 2 during task r may be estimated by experience or is calculated by

m

n
n.-x. n.-x.
_ § S I .
X = j=1 —21_1 o n [4‘)

r n m

ijlnrj Zizlnri

where

nyi isthe service frequency of positionsi=1...m in working space 1;

nyj is the service frequency of positions j = 1...n in working space 2;

xri isthe coordinate of the drive under consideration to serve position i;

Xrj is the coordinate of the drive under consideration to serve position j.
The above given parameters are illustrated in Figure 1.
Priy Tl
mi (i=1..m) ng (j=1..5n)

Key
a  workingspace 1
b  working space 2

Figure 1 + Servige frequencies n;; and nyj during task r in the working spaces 1 and 2, average
linepr displacement in the direction of movement of the drive under consideration

Workln moveents within onawaorkinag cnaca chall bha cancidarad Ac 2 ¢
g mbvements-within-one-working space-shall beconsidered-as-a-se

The total displacement, )_(, shall be calculated from the average displacements, )_(r, for all tasks r, and
the corresponding number of working cycles, Cy, as follows:

X=2x3°(X, ¢, (5)

Formula (5) can be used as the total displacement of the drive for the estimation of the number of
revolutions or cycles of any component, where the displacements are about the same at all levels of
loading. If there are significant differences in the displacements with different load levels, short
displacements under high loads and longer displacements under low loads, this should be taken into
account in the estimation of the stress spectrum factor of the relevant components.

6 © IS0 2016 - All rights reserved
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Examples of average displacements of overhead travelling cranes are shown in Annex A.

6.5.2 Average linear displacements

Average linear displacements for hoisting, traversing and travelling have been divided into 10 classes
in Table 6.

For unambiguous use of the classes D, the symbols are used with an additional designation for specific
motions.

Table 6 — Symbols for classes D of average linear displacements and design values, Xjin

Degignation of classes for average displacements | Range of average hoisting Design yalue of
displacement averlfage
Hoisting Traversing Travelling X displadement
(trolley) (crane)
m n
Dn0 D0 D:0 }_(l' <063 0,63
in ’
Dp1 D¢l Dcl 0,63 < X, <125 1,35
Dp2 D2 Dc2 1,25< % ‘22,5 2p
Dn3 D¢3 D¢3 2,58 )_(lin <5 3
Dn4 D4 D4 5< X <10 1p
Dn5 D¢5 Dc5 10 < X <20 2p
Dp6 Dt6 D¢6 20 < )_(l‘ <40 4D
n
D7 D7 D7 40< X, <80 8p
Dh8 Di8 Dc8 80< X, <160 140
D9 D9 D9 160 < )_(lin <320 370
6.5.3 Average angular displacements
Aveirfage angular displacements have been divided into six classes in Table 7.
Table 7 — Classes D, of average angular displacement, X ang
Average angular displacement
Class Y
ang

D,0 X g < 11,75°

Dl 11,75°< X, $22,5°

D2 22,5°< X, <45°

D43 45° < X, <90°

Da4 90°< X, . 180°

Da5 180°< X, . 360°

© IS0 2016 - All rights reserved 7
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7 Classification of components and mechanisms

7.1 General

Typical components for which classification may be applied are serial hoists or drives for travelling,
traversing, or boom hoisting. The classification may be different for individual components in a
particular crane.

Component

a)

duties are determined by the following parameters:

the total number of component working cycles of the component during the design life;

b) thereld

c)
d) theave

the ave

When the cl
the parame
but in that ¢

7.2 Total
The total ny

There are d

such as the
a) raising
b) erectio

c) move

m
The total nfmber of such operations during the design life shall be specified, either by a value orj

portion or

For convenience the classes of utilization given in Table 2 shall be used for components.

7.3 State

The load effect spectrum factor Kcp is one of the parameters used to specify the duty of the c

component
effects (strg

For hoist dn

tive frequencies of loads to be handled (load spectrum, state of loading);
Fage displacements;

Fage number of accelerations per movement (e.g. positioning).

Lers within the specified classes. Use of an intermediate value for a pardmeter is permisg
ase this design value shall be determined and indicated instead.of\the class.

number of component working cycles
mber of component working cycles may be derived from the working cycles of the cran

omponent working cycles that occur less frequenfly than the working cycles of the ci
following:

lowering the boom of a ship unloader;
h/dismantling of a mobile or tower crane;

nt of a harbour crane from one working position to another.

ercentage of the total number of working cycles.

of loading

5. [t is defermined individually for each component and it describes the variation of the
sses).if the component during the component working cycles.

ives, it describes the variable loadings of the hoist drive during the working movement

assified ranges of parameters are used, the design shall be based on the‘maximum values of

ible,

ane,

as a

rane
load

b.

For travelling or traversing drives, it describes the different transported masses, payload and dead

weights.

The load spectrum factor characterizes the number of times a load effect of a particular magnitude
occurs in relation to the maximum load effect in the component.

The provisions of 6.3 shall be applied accordingly, using Kcp, instead of load spectrum factor Kj, and
classes Qcp instead of Qp.
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Group classification

Having determined the class of utilization from Table 2 and the state of loading from Table 3, they can
be combined into a single group classification for the crane component. The group classification is
determined from Table 4, using the designation A; instead of A.

7.5

Average displacements

The provisions of 6.4 may be applied for crane components accordingly.

7.6

Annnlnuﬂt=n“ 3 3 rO3 "t

The

Pk~ WLN QA o
ACCVUTICI AdtivIiio Pcl JISAVA ATV EY Y

number of intended or expected accelerations of any drive to reach the intended, pog

ition of the

load|is one of the parameters of the service conditions of a crane component. [SO.8686-1:2012, 6.1.4
takejs these accelerations into account.
The Javerage number of accelerations, p, of the drive under consideration Has-been divide¢d into four
clasges in Table 8 and illustrated in Figure 2.
Table 8 — Classes P of average number of accelerations, p
Class Average number ofaccelerations, p

Py pe2

Py 2xp<4

Py 4<p<8

P3 8<p

X
\ % y
zZ M p=T
y
Key
x  speed
y  time
Z  acceleration
Figure 2 — Example of class P

© IS0 2016 - All rights reserved 9
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7.7 Stres

s histories

The stress history is a numerical presentation of all stress variations that are significant for fatigue.
Rope force histories or wheel contact histories are analogous values.

Those histories are expressed in history parameters, s. The methods of determining this parameter are
set out in the appropriate standards, e.g. for structures in [SO 20332.

Those histo
cycles with

ries are expressed in history parameters, s, and classified in 12 classes S. Class S7 indicates
full load and the number of cycles equals the number of cycles at the reference point, 2 x 106

for steel structures. For detailed information, see ISO 20332:2016, 6.3.

For fatigue

When, from
be handled,
different fr
the same lo

hssessment, it is necessary to deduce the stress histories in the location under consideraltion.
the classification process, only a single load spectrum factor is used to describe the loads to
the relative frequencies that produce most fatigue damage shall be deduced. This|is becpuse
bquencies of the net loads can produce different fatigue effects at a particulartlocatiop for
hd spectrum factor.

10
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Annex A
(informative)

Examples for average displacements

See Table A.1.

© IS0 2016 - All rights reserved 11
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