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Foreword

The preparation of a British Standard dealing with design stress levels in the
mechanisms of cranes was begun in response to demand from the user industries
and particularly the public sector. Whilst British Standards have existed, for
many years, concerned with specific mechanical items that are used in cranes,
such as steel wire ropes, hooks and antifriction bearings, the process of design of
crane mechanisms has received only limited attention in the British Standards
for particular types of crane. Following the successful introduction of BS 2573-1
to regulate and rationalize design stress levels in crane structures of all types,
and its recent revision to align more closely with international policy in the
International Organization for Standardization (ISO), it became increasingly
urgent to produce a corresponding standard for crane mechanisms, and
developments in ISO Technical Committee 96, Cranes, Lifting Appliances and
Related Excavator Equipment, indicated the sort of approach that might be
adopted.

Whereas in the case of crane structures there was considerable affinity with the
fields of steel girder bridges and the use of structural steel in building which, to
some extent, determined the analytical treatment, crane mechanisms involve
specialized empirical design and problems can arise in the selection of proprietary
components for which there is little precedent in other British Standards. As in
the case of BS 2573-1, the “Rules for the design of hoisting appliances

Section 1: heavy lifting equipment” of the Fédération Européenne de la
Manutention (F.E.M.) were available for the technical committee to consider
together with such work of ISO/TC 96 as had reached a definitive form.

A difficult decision had to be taken on the method of classification to adopt
because the needs of specially designed cranes and series built standard cranes
were to some extent in conflict. An approach, based on ISO work, was finally
adopted which enables each mechanism of a crane to be classified in respect of the
duty it performs, independently of the design classification of the whole crane.
Whilst, to some users, the unfamailiarity of this concept may initially raise doubts,
1t 1s considered to give the best possible scope for precise definition of the
purchaser’s requirements on the one hand and for rational mechanism design and
economic production on the other.

A concept of service life has been defined with the object of providing a basis for
compatibility of mechanical components in a mechanism, whether selected
proprietary items or purpose designed, in respect of the time during which each
component is in motion. In practical terms this should ensure, for example, that
the couplings, shafts, gears, bearings, etc., in a particular train all have a
comparable basis of durability.

It was essential to recognize in the standard that experience of crane mechanisms
under known service conditions is the most valuable and reliable basis for design,
and that absolute stress computations are the exception rather than the rule. The
content has also been generally confined to the permissible stress and design rule
aspects, since any attempt to provide design guidance beyond this level would
involve a very extensive practical design manual, which is not the intent of the
standard. Mention is made of practical design details only to the extent that they
are inseparably associated with the basis for the permissible stresses.

The committee found its scope limited in certain areas where the revision of some
British Standards has been held back in order to take advantage of work which
1s being carried out in ISO. Hooks and the capacity of gears are particular
instances in which it should be possible to enlarge the treatment when ISO
progress permits.
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The selection of steel wire ropes as specified in 8.5, is based on ISO work which 1s
known to have wide acceptance and, in some cases, permits lower factors of safety
than have been used in the past. It should be noted that there will often be
overriding regulations or other limitations on factors of safety for crane ropes, and
also that the provisions in this standard presuppose regular inspection and
discard criteria in accordance with established recommendations.

An outline procedure for fatigue verifications has been included, which defines
recommended principles, but it is not possible, in the present state of the art, to
include a comprehensive treatment, and reference to specialized text books may
be necessary.

The rules included for determining rail wheel sizes have been based on F.E.M.
and German work which is known to have given satisfactory results in service
over a considerable period.

Because cranes lift and transport heavy loads, there is a major safety aspect in
their design which has, to some extent, to be related to the level of design stresses
permitted. Nevertheless, it has been the general experience of users,
manufacturers and the safety authorities that, where design was found to
contribute to an accident, it was nearly always caused by bad detail design or
failure to appreciate the loadings involved rather than the selection of too high a
permissible stress. Whilst, therefore, the present standard has a significant
contribution to make to improved standards of industrial safety, it should be
emphasized that the main responsibility for safe design will always remain with
the manufacturer and designer making proper use of their specialist experience.

In line with current policy, the values in this Part of this British Standard have
been expressed in SI units.

The start and end of text introduced or altered by Corrigendum No. 1 is
indicated in the text by tags (2

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from
legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages i to iv,
pages 1 to 22, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on

the inside front cover.
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1 Scope

This Part of BS 2573 provides the basis for
calculating stresses in components of crane
mechanisms and specifies the way in which
permissible stresses shall be determined. It also
gives rules for the selection of proprietary items
where these are used as mechanism components.

2 References

The titles of the standards publications referred to
in this standard are listed on the inside back cover.

3 Service life of a mechanism or
component

The service life of a mechanism or component is
defined as “the total number of hours during which
the mechanism or component is in motion”.
Mechanisms and components shall be designed or
selected for a particular intended service life and
one of the nominal values specified in Table 1 shall
be used.

NOTE 1 Inmany casesitis desirable that separate components
forming part of a mechanism (e.g. the couplings, shafts, gears,
bearings, etc., in a particular train) should be designed or
selected for the same service life. Where components of a
mechanism are brought into use for only part of the time that the
mechanism as a whole is in motion, the components can be
designed for a shorter service life to take this into account.
NOTE 2 In some cases, economic considerations or technical
limitations dictate that a component should be designed or
selected for a shorter life than the remainder of the mechanism,
so that renewal of the component will be necessary during the life
of the mechanism: for example a rope with a service life shorter
than that of the remainder of the hoist mechanism can be used.
The service life for which a mechanism or
component is designed is a figure used only as a
design parameter and shall not be taken as
implying a guaranteed life.

4 Classification of mechanisms

4.1 General. For the purpose of applying this Part
of this British Standard, mechanisms shall be
classified into groups according to their desired
service life and the conditions of loading to which
they are subjected. The purposes of such
classification is to provide a rational and uniform
basis for the design of mechanisms and their
components that takes account of these
considerations. It also provides a framework of
reference between the purchaser and the
manufacturer. The classification system adopted
follows that specified by ISO in ISO 4301.V

The two factors considered in determining the group
to which a mechanism belongs shall be its class of
utilization and its state of loading.

D In course of preparation.

4.2 Class of utilization. The class of utilization of
a mechanism shall be determined from its assumed
service life in hours. This is the total number of
hours for which the mechanism will be in motion.
Where the appliance of which the mechanism is part
has known duties, such as would be the case where
it performed part of a continuous, repetitive process,
the service life shall be calculated from the actual
daily utilization time for the mechanism, the
number of working days per year and the number of
years of expected service. In the absence of such
information regarding the duty of the appliance, an
assumed daily utilization time shall be used.

The class of utilization shall be selected according to
the value of service life given in Table 1 that is
nearest to, but not less than, the assumed service
life determined by the procedure outlined in the
previous paragraph.

Table 1 — Classes of utilization of mechanisms

Class of Service life Remarks
utilization hours
T1 400 Irregular use
T2 800
T3 1 600
T4 3 200 Regular light use
T5 6 300 Regular intermittent use
T6 12 000 Regular intensive use
T7 25 000 Continuous intensive use
T8 50 000
T9 > 50 000

4.3 State of loading

4.3.1 The state of loading characterizes the extent to
which a mechanism is subjected to its maximum
loading and to smaller loadings.
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4.3.2 Where details are available of the loading that
the mechanism will experience, the nominal load
spectrum factor, K,,, and corresponding state of
loading shall be determined as follows:

let
P

. be the individual load magnitudes (loading

levels) characteristic of the duty of the
mechanism (that is Py, Py, Ps, ..., Py);

P, .« be the maximum loading applied to the
mechanism;

be the individual durations of use of a
mechanism at the individual loading
levels Py, Py, P3, etc., (that is ¢4, t9, t3, ...,
tn);

T  Dbe the total duration of use at all loading
levels = (t] + tg + t3, ...., tp,);

t:

1

then the spectrum factor, K'y,, is given by the

3+t2 Py 3 YR
J o7 () 7 (5

max max

formula

t P
DK = _1(_1
1 mi’/TP

max

3
)

The nominal load spectrum factor and the
corresponding state of loading are obtained from
Table 2 by selecting the value of K, that is nearest
to, but not less than, the calculated value of, K'y,.

4.3.3 When details of the loading to which the
mechanism will be subjected are not known, an
appropriate nominal state of loading shall be
selected and the descriptive remarks in Table 2 used
to assist in such cases.

NOTE For purpose-built cranes, the selection of an appropriate

nominal state of loading for each mechanism may be agreed
between the purchaser and manufacturer.

4.4 Determination of group classification.
When the class of utilization and the state of loading
has been determined, the group classification of a
mechanism shall be determined from Table 3.

The manufacturer shall in every case specify to the
purchaser, and clearly and permanently mark on
the crane, the group in which each mechanism of a
crane has been classified for design purposes.

Appendix A gives examples of group classification
ranges for the mechanisms of various types of crane
in particular applications.

Table 2 — States of loading of mechanisms

Nominal load Remarks
spectrum

factor, K,

States of
loading

L1 Light 0.50 Mechanisms subjected
very rarely to their
maximum load and,
normally, to very light

loads

Mechanisms
occasionally subjected
to their maximum
load but, normally, to
rather light loads

L2 Moderate | 0.63

0.80 Mechanisms
frequently subjected
to their maximum
load and, normally, to
loads of medium

magnitude

L3 Heavy

L4 Very 1.00

heavy

Mechanisms regularly
subjected to their
maximum loads

Table 3 — Group classification of a mechanism

State of Classes of utilization
loading

TL | T2 | T3 | T4 | T5 | T6 | T7 | T8 | T9
L1 M3| M3| M3| M3| M4| M5| M6| M7| M8
L2 M3| M3| M3| M4| M5| M6| M7| M8| M8
L3 M3| M3| M4| M5| M6| M7| M8| M8&8| M8
L4 M3| M4| M5| M6| M7| M8| M8| M&8| M8

5 Loadings to be considered in the
design of mechanisms
5.1 General. The following loadings shall be taken

into account when designing a mechanism and its
components.

R, Loads due to the dead weight of the
mechanism or component.

R, Loads due to the dead weight of those parts
of the crane acting on the mechanism or
component under consideration.

R3 Loads due to the weight of the hook load.

R, Loads due to the weight of the hook load

augmented by the impact factor given in 5.3
of Part 1:1977 of this British Standard.
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R5; Dynamic loadings arising from the
acceleration or braking of the motion and
from skewing interaction between crane and
track. These loads include those due to the
inertia of the mechanism itself, its prime
mover, brakes, the associated crane parts,
the hook load, the concurrent operation of
other motions, etc., as applicable.

Rg Loads arising from frictional forces.

V1 Loads due to the service wind acting
horizontally in any direction, where
applicable. (See 5.7 of Part 1:1977 of this
British Standard.)

Vy Loads due to the out of service wind acting
horizontally in any direction where
applicable. (See 5.7 of Part 1:1977 of this
British Standard.)

B Loads due to collision with resilient buffers.

Loads shall be quantified by the designer having
regard to the part played by the mechanism in the
service and environment for which the crane is
designed. Appendix B gives guidance on the
assessment of torque loading of crane mechanisms.

5.2 Loading conditions. Each mechanism of the
crane shall be designed to operate satisfactorily
under the most unfavourable combination of
loadings that can occur under the following
conditions.

Case 1 Normal service without wind.
Case 2 Normal service with wind.

In addition to meeting the in-service requirements
under cases 1 and 2, the crane mechanism shall,
where appropriate, be designed to withstand the
loadings to which they may be subjected under
cases 3 and 4.

Case 3 Crane out of service.

Case 4 Exceptional loading conditions
appropriate to the type of crane and its
application that occur infrequently
during its life (e.g. during erection of the
crane).

5.3 Load combinations

5.3.1 General. In determining the loading used as
the basis for design under each of the loading
conditions given in 5.2, the value taken shall be that
resulting from the most unfavourable combination
of the loads specified in this clause that could
actually occur in practice.

NOTE It should be noted that this will not necessarily
correspond to the combination of the maximum values of each of
the individual loads.

5.3.2 Case 1: normal service without wind
a) Vertical motion: hoisting or lowering
1) R{ + Ry + Ry + Ry + Ry
2) R{+ Ry + Ry
b) Horizontal motion: traverse or travel
R{+Ry+ R3+R5+ Rg
¢) Horizontal motion: slewing
R{+Ry+ R3+R5+ Rg
d) Horizontal/vertical motion (see note in 5.3.5)
R{+Ry+ R3+R5+ Rg
5.3.3 Case 2: normal service with wind
a) Vertical motion: hoisting or lowering
1) Ri+Ry+ R3+ R;+ Rg+V;
2)R{+Ry+ R, +V;
b) Horizontal motion: traverse or travel
R{+Ry+R3+R5+Rg+V;
¢) Horizontal motion: slewing
Ri+Ry+R3+R;+Rg+ V3
d) Horizontal/vertical motion (see note in 5.3.5)
R{+Ry+R3+R5+Rg+ V)

NOTE In computing the acceleration forces, Rj, it should be
remembered that the accelerations achieved can be influenced by
the presence of wind forces. In particular, a wind force that
opposes a motion can significantly reduce the acceleration, with
consequent reduction of the acceleration force.

5.3.4 Case 3: crane out of service
a) Vertical motion: hoisting or lowering
Not applicable
b) Horizontal motion: traverse or travel
R{+Ry+Vy
¢) Horizontal motion: slewing
Ri+Ry+ Vs
d) Horizontal/vertical motion (see note in 5.3.5)
R{+Ry+Vy

5.3.5 Case 4: exceptional loading conditions. The
combinations of loads to be considered for this case
of loading will depend upon the type of crane, the
application and the crane motion. Account shall be
taken of any loading conditions that are known to
apply but which are not covered under the other
three cases of loading.

A specific case is buffer load B, which is covered
by 5.6 of Part 1:1977 of this British Standard.

During erection or dismantling operations it should
be noted that, unless the operation can be completed
during a period when the wind does not exceed V7
conditions, the parts being erected or dismantled
should be so secured that they will withstand a wind
of V5 conditions.
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