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Cranes, Lifting Chains and Its Related Equipment Sectional Committee, HMD 14

NATIONAL FOREWORD

This Indian Standard which is identical with ISO 8686-1 : 1989 ‘Cranes — Design principles for loads
and load combinations—Part 1 : General’, issued by the International Organization for Stand-
ardization (ISO), was adopted by the Bureau of Indian Standards on the recommendations of the
Cranes, Lifting-Chains and lts Related Equipment Sectional Committee and approval of the Heavy
Mechanical Engineering Division Council.

This standard is being published in five parts. Other parts of this standard are as follows:

Part 2 Mobile cranes

Part 3 Tower cranes

Part 4 Jib cranes

Part 5 Overhead travelling cranes and portal bridge cranes

The text of ISO standard has been approved for publication as indian Standard without deviations.
Certain terminology and conventions are, however, not identical to those used in Indian Standards.
Attention is particularly drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, they should
be read as ‘Indian Standard’.

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice
is to use full stop (.) as a decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standards-which are to be substituted in their place
are listed below along with their degree of equivalence for the editions indicated:

International Standard Corresponding Indian Degree of
Standard Equivalence
ISO 4306-1 : 1990 IS 13473 (Part 1) : 1992 Cranes — Identical
Vocabulary : Part 1 General
ISO 4306-2 : 1985 IS 13473 (Part 2) : 1992 Cranes — ldentical
Vocabulary : Part 2 Mobile cranes
ISO 4306-3 ;: 1991 - 1S 13473 (Part 3) : 1993 Cranes — Identical

Vocabulary : Part 3 Tower cranes

The concerned technical committee has reviewed the provisions of ISO 4302: 1981 and
ISO 4310 : 1981 referred in this adopted standard and has decided that they are acceptable for use
in conjunction with this standard.

In reporting the results of a test or analysis made in-accordance with this standard, if the final value,
observed or calculated, is to be rounded off,it shall be done in accordance with IS 2:1960 ‘Rules for
rounding off numerical values (revised)’.
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Indian Standard

CRANES — DESIGN PRINCIPLES FOR LOADS
- AND LOAD COMBINATIONS

PART 1 GENERAL

1 Scope

This part of 1SO 8686 establishes general methods for calculat-
ing loads, and principles to be used to select load combinations
tor proofs of competence for the structural and mechanical
components of cranes as defined in 1ISO 4306-1.

It is based on rigid-body kinetic analysis and elasto-static
analysis but it expressly permits the use of more advanced
methods (calculations or tests) to evaluate the effects of loads
and load combinations, .and the values of dynamic load factors,
where it can be demonstrated that these provide at least
equivalent levels of competence.

This part of ISO 8686 is intended for two distinct kinds of appli-
cation :

a) It provides the general form, content and ranges of
parameter values for more specific standards to be
developed for individual lifting appliance types.

b) It provides a framework for agreement on loads and
load combinations between a designer or manufacturer and
an appliance purchaser for those types of lifting appliances
where specific standards do not exist.

When applying this part of 1ISO 8686 to different types of lifting
appliance, operating in the same service and environmental
conditions, equivalent resistance to failure should be sought.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this part of
ISO 8686. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to

agreements based on this part of ISO 8686 are encouraged to
investigate the possibility of applying the most recent editions
of the standards listed below. Members of IEC and ISO main-
tain registers of currently valid Internationa! Standards.

ISO 4302 : 1981, Cranes — Wind load assessment.
1SO 4306 {all published parts), Lifting appliances — Vocabulary.

1SO 4310 : 1981, Cranes — Test code and procedures.

3 Definitions

For the purposes of ISO 8686, the definitions given in
1ISO-4306, together with the following, -apply.

3.1 loads: External or internal actions in the form of forces,
displacements or temperature, which cause stresses in the
structural or mechanical components of the lifting appliance.

3.2 kinetic analysis of rigid bodies: The study of the
movement and the inner forces of systems modelled by
elements that are assumed to be non-elastic.

3.3 kinetic analysis for elastic bodies: The study of the
relative elastic displacements (distortion), movement and the

inner forces of systems modelled by elements that are assumed

to be elastic.

4 Symbols

The main symbols used in this part of 1SO 8686 are given in
table 1.
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Table 1 — Main symbols

Symbol Description Reference

] Factors for dynamic effects Various
?q Factors for hoisting and gravity effects acting on the mass of the lifting appliance 6.1.1
a Term used in determining the value of ¢4 6.1.1
oo Factor for hoisting a grounded load 6.1.2.1
o3 Factor for dynamic effects of sudden release of part of load 6.1.2.3
04 Factor for dynamic effects of travelling on an uneven surface 6.1.3.2
o5 Factor for dynamic loads arising from acceleration of crane drives 6.1.4
g Factor for effects of dynamic load tests 6.3.2
@7 Factor for elastic effects arising from collision with buffers 6.3.3

HC, to HCy4 Hoisting classes assigned to lifting appliances 6.1.2.1
B2 Factor assigned to hoisting class 6.1.2.1
B3 Term used in determining the value of ¢3 6.1.2.3
Vh Steady hoisting speed, in metres per second 6.1.2.2

Fy, Fyo. Fya Buffer forces 6.3.3

Y$A. YiB: VEC Coefficients for calculating allowable stresses 7.3.2
Yp Partial load coefficient 7.3.3
Ym Resistance coefficient Annex A
Yn Coefficient for high-risk applications 7.3.6
m Mass of the load 6.1.2.3, 6.3.1

nm = m — Am Mass of that part of the hoist load remaining suspended from the appliance 6.3.1
NOTE — Further symbols are used in-the annexes and are defined therein.

5 General

5.1 The objective of proof of competence calculations carried
out in accordance with this part of ISO 8686 is to determine
mathematically that a lifting appliance will be competent to per-
form in practice when operated in compliance with the manu-
facturer’s instructions.

The basis for such proof against failure (by yielding, elastic in-
stability or fatigue, for example) is the comparison between
calculated stresses induced by loads and the corresponding
calculated strengths of the constituent structural and
mechanical components of the lifting appliance.

Proof against failure may also be required in respect of over-
turning stability. Here, the comparison is made between the
calculated overturning -moments induced by loads and the
calculated resistance to overturning provided by the lifting ap-
pliance. In addition, there may be limitations on forces that are
necessary to assure the stability and/or to avoid unwanted
displacement of portions of the appliance or of the appliance
itself, for example the jib support ropes becoming unloaded or
the appliance sliding.

The effects of differences between actual and ideal geometry of
mechanical and structural systems {for example the effect of
tolerances, settlements, etc.) shall be taken into account.
However, they shall be included specifically in proof of com-
petence calculations only where, in conjunction with applied
loads, they may cause stresses that exceed specified limits.

5.2 There are two general approaches to structural design or
proof of competence calculations:

a) The allowable stress method, where the design stresses
induced by combined loads are compared with allowable
stresses established for the type of member or condition
being examined. The assignment of allowable stress is made
on the basis of service experience with consideration for
protection against failure due, for example, to yielding,
elastic instability or fatigue.

b) The limit state method, where partial load factors are
used to amplify loads before they are combined and com-
pared with the limit states imposed, for example, by yielding
or elastic instability. The partial load coefficient for each
load is established on the basis of probability and the degree
of accuracy with which the load can be determined. Limit



state values comprise the characteristic strength of the
member reduced to reflect statistical variations in its
strength and geometric parameters.

The limit state method generally permits more efficient design
because it takes into account greater certainty in determining
appliance mass and lesser certainty in values selected to reflect
applied loads.

Annex A gives a more detailed description of the application of
the allowable stress method and the limit state method.

5.3 To calculate stresses from applied loads, an appropriate
mode! of the appliance shall be used. Under the provisions of
this part of ISO 8686, loads which cause time variant load
effects are assessed as equivalent static loads from experience,
experiments, or by calculation. A rigid-body kinetic analysis can
be used with dynamic factors to estimate the forces necessary
to simulate the response of the elastic system. Alternatively,
either elasto-kinetic analysis or field measurements can be car-
ried out, but to reflect the operating regime, a realistic model of
the actions of the appliance operator may be required.

For both the allowable stress method and the limit state
method, and for considerations of stability and displacements,
loads, load combinations, load factors, allowable stresses and
limit states should be assigned either on the basis of ex-
perience, with consideration of other International Standards
or, if applicable, on the basis of experimental or statistical data.
The parameters used in this part of ISO 8686 are considered to
be deterministic.

Where a specific loading cannot occur (for example wind
loading on an appliance used indoors) then that loading can be
ignored in the proof of competence calculations. Similarly,
loadings can be modified when they result from

a) conditions prohibited in the appliance instructions;
b} features not present in the design;

c) conditions which are prevented or suppressed by the
-design of the appliance.

If a probabilistic proof of competence calculation is used, the
relevant conditions, particularly the acceptable probability of
failure, shall be stated.

6 Loads and applicable factors

This clause gives loads and ranges of values for the factors
used in proof of competence calculations when determining
load effects.

Individual values for specific types of appliance, selected from
these ranges, will be found in the parts of this International
Standard covering those appliances.

The loads acting on a lifting appliance are divided into the
categories  of regular, occasional, exceptional, and miscel-
laneous. Individual loads are considered only when and if they
are relevant to the appliance under consideration or to its usage:

a) Regular loads, occurring during normal operation, shall
be considered in proof of competence calculations against
failure by yielding, elastic instability and, when applicable,
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against fatigue. They result from gravity and from acceler-
ation or deceleration produced by drives and brakes acting
on the masses of the lifting appliance and the hoist load, as
well as from displacements.

b) Occasional loads and effects which occur infrequently
are usually neglected in fatigue evaluations. They include
loads induced by in-service wind, snow and ice, tempera-
ture and skewing.

c) Exceptional loads and their effects are also infrequent
and may likewise usually be excluded from fatigue con-
sideration. They include loads caused by testing, out-of-
service wind, buffer forces and tilting, as well as from
emergency cut-out, failure of drive components, and exter-
nal excitation of the lifting appliance foundation.

d) Miscellaneous loads include erection and dismantling
loads as well as loads on platforms and means of access.

The category in which a load is placed is not an indication of
the importance or criticality of that load. For example, erection
and dismantling loads, although in the last category, shall be
given particular attention as a substantial portion of accidents
occur during those phases of operation.

6.1 Regular loads

6.1.1 Hoisting and gravity effects acting on the mass
of the lifting appliance

The mass of the appliance includes those components which
are always in place during operation, except for the payload
itself (see 6.1.2). For some appliances or applications, it may be
necessary to add mass to account for encrustation of-materials,
such as coal or similar dust, -which build up on the appliance or
its parts.

The gravitational force induced by the mass of the appliance
(dead weight) shall be multiplied by the factor ¢,, where
;=12 a 0< a < 0,1. In this way the vibrational excite-
ment of the lifting appliance structure, when lifting the gross
load off the ground, is taken into account. There are always
two values for the factor in order to reflect both the upper and
lower reaches of the vibrational pulses.

The factor ¢, shall be used in the design of the appliance struc-
ture and its supports; in some cases, both values of the factor
shall be applied in order to find the most critical loadings in
members and components.

Annex C gives a general comment on the application of
¢ factors.

6.1.2 Inertial and gravity effects acting vertically on
the gross load

The mass of the gross load includes the masses of the payload,
lifting attachments and a portion of the suspended hoist ropes.

6.1.2.1 Hoisting class

For the purposes of this clause, lifting appliances are assigned
to hoisting classes HC, to HC, according to their dynamic
characteristics. The hoisting classes of appliances are given in
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table 2 and shall be selected on the basis of experience. Cor-

responding values of f, and ¢, are also given in table 2 and
illustrated in figure 1.

The selection of the hoisting class depends on the particular
type of lifting appliance and is deait with in the other parts of
this International Standard.

Equally, values of ¢, can be determined by experiment or
analysis without reference to hoisting class.

Table 2 — Values of 5, and ¢,

Hoisting class of appliance B2 ¢2
¢2, min ¢2, max
HC, 0,2 1 1.3
HCy 0,4 1,06 1,6
HC; | o6 11 1.9
-HCy4 08 1,15 2,2

6.1.2.2 Hoisting an unrestrained grounded load

in the case of hoisting an unrestrained grounded load, -the
dynamic effects of transferring the load from the ground to the
lifting appliance shall be taken into account by multiplying the
gravitational force due to the mass of the gross load by a factor
@,. (See figure 1.)

NOTE — The dynamic effects covered by this clause occur when the
drive comes up to speed before the lifting attachment engages the load
and are the result of the build-up of kinetic energy and the drive torque.

The factor ¢, shall be taken as follows:

@2 = ®2,min, for vy < 0,2m/s

2 = ®2.min + B2(vy, — 0,2), forv, > 0,2m/s
where

vy, is the steady hoisting speed, in metres per second,
related to the lifting attachment, derived from the steady
rotational speed of the unloaded motor or engine;

B is a factor assigned to the hoisting class (see table 2);

@2, min is given in table 2-for the hoisting class.

Where the hoist drive control system ensures the use of a
steady creep speed, this speed only shall be taken into account
to cover normal operation in determining the value of ¢,.

Where this is not the case, two conditions shall be considered
by taking a value of ¢, to cover normal operation, as in
6.1.2.2.1, and a value of ¢, . t0 Cover exceptional occur-
rences, as in 6.1.2.2.2.

6.1.2.2.1 For normal operation

a) Where a steady creep speed can be selected by the
crane driver, this speed shall be used in determining the
value of ¢,.

b) Where a stepless variable speed control is provided or

such control can be exercised by the crane driver, the value

of @3 min for the appropriate hoisting class shall be selected
from figure 1.

6.1.2.2.2 For exceptional occurrences

For appliances with control of type a) as in 6.1.2.2.1, the value

-of @2 max Shall be based on a value of v, derived from the maxi-

mum nominal speed of the unloaded motor or engine.

For appliances with control of type b) as in 6.1.2.2.1, the value
of @2.max for the hoisting class shall be based on a value of v},
derived from a value of not less than 0,5 times the maximum
nominal speed of the unloaded motor or engine.

Annex C gives a general comment on. the application of
¢ factors.

6.1.2.3 Effects of sudden release of part of payload

For lifting appliances that release or drop part of the payload as
a normal working procedure, such as when grabs or magnets
are used, the peak dynamic effect on the appliance can be
simulated by multiplying the payload by the factor ¢3 (see
figure 2).

The value of ¢3'is given by
A

03=1-"201 + B3
m

where
Am is the released or dropped part of the payload;
m is the mass of the payload;

i)

0,5 for appliances equipped with grabs or similar slow-
release devices,

1 for appliances equipped with magnets or similar
rapid-release devices.

Annex C gives a general comment on the application of
¢ factors.

6.1.3 Loads caused by traveiling on an uneven surface

6.1.3.1 Lifting appliances travelling on or off roadways

The effects of travelling, with or without load, on or off road-
ways, depend on the appliance configuration {mass distri-
bution), the elasticity of the appliance and/or its suspension,
the travel speed and on the nature and condition -of the travel
surface. The dynamic effects shall be estimated from experi-
ence, experiment, or by calculation using an appropriate model
for the appliance and the travel surface.
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6.1.3.2 Lifting appliances travelling on rails

The effects of travelling with or without load on rail tracks
having geometric or elastic characteristics that induce acceler-
ations at the wheels of the appliances depend on the appliance
configuration (mass distribution, elasticity of the appliance
and/or its suspension), travel speed and wheel diameter. They
shall be estimated from experience, experiment, or by calcu-
lation using an appropriate model for the appliance and the
track.

The induced accelerations may be taken into account by muiti-
plying the gravitational forces due to the masses of the lifting
appliance and gross load by a factor ¢4. International Stan-
dards for individual types of appliance may specify tolerances
for rail tracks and indicate conditions within which the value of
¢4 may be taken as 1.

Annex C gives a general comment on the application of
¢ factors.

Annex D gives an example of a model for estimating the value
of ¢, to take account of the vertical accelerations induced at
the wheels of an appliance travelling on rail tracks with non-
welded steps or gaps.

[

6.1.4 Loads caused by acceleration of all crane drives
including hoist drives

Loads induced in a lifting appliance by accelerations or deceler-
ations caused by drive forces may be calculated using rigid-
body kinetic models that take into account the geometric
properties and mass distribution of the lifting appliance drive
and, where applicable, resulting inner frictional losses. For this
purpose, the gross load is taken to be fixed at the top of the jib
or immediately below the crab.

A rigid-body analysis does not directly reflect elastic effects. To
allow for these, the change in drive force (AF), inducing either
the acceleration or deceleration, may be multiplied by a factor
@5 and algebraically added to the force present before the ac-
celeration or deceleration takes place. This amplified force is
then applied to the components exposed to the drive force and,

where applicable, to the appliance and the gross load as well.
(See figure 3.)

The range of values for ¢g is 1 < ¢g < 2. The value used
depends on the rate of change of the drive or braking force and
on the mass distribution and elastic properties of the system. In
general, lower -values correspond to systems in which forces
change smoothly and higher values to those in which sudden
changes occur.

For centrifugal forces, ¢ may be taken as 1.

Where a force that can be transmitted is limited by friction or by
the nature of the drive mechanism, the limited force and a fac-
tor ¢g appropriate to that system shall be used.

Annex C gives a general comment on the application of
¢ factors.

Annex E gives an example of a determination of the loads
caused by acceleration of a bridge crane having unsynchron-
ized travel gear and non-symmetrical load distribution.

6.1.5 Loads induced by displacements

Account shall be taken of loads arising from displacements in-
cluded in the design such as those resulting from pre-stressing
and those within the limits necessary to initiate response of
skewing and other compensating control systems.

Other loads to be considered include those that can arise from
displacements that are within defined limits such as those set
for the variation in the gauge between rails or uneven settle-
ment of supports.

6.2 Occasional loads

6.2.1 Climatic effects
6.2.1.1 In-service wind

Loads due to in-service wind shall be calculated in accordance
with ISO 4302.

Load effects on lifting appliance

Drive force

A

/BsAF =[

caused by drive forces

Motor force L
AF
‘ ™
Speed —-- o= Time
o~
lL o~
< L
\ <
[¥s)
S s
Brake force ’

Figure 3 — Factor ¢5
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6.2.1.2 Snow and ice loads

Where relevant, snow and ice loads shall be taken into
account. The increased wind exposure surfaces due to encrus-
tation shall be considered.

6.2.1.3 Loads due to temperature variation

Loads caused by the restraint of expansion or contraction of a
component due to local temperature variation shall be taken
into account.

6.2.2 Loads caused by skewing

This sub-clause covers skewing loads that occur at the guid-
ance means (such as guide rollers or wheel flanges) of a
guided, wheel-mounted appliance while it is travelling or
traversing in steady-state motion. These loads are induced by
guidance reactions which force the wheels to deviate from their
free-rolling, natural travelling direction. Similar loads induced
by acceleration acting on asymmetrical mass distribution and
which can also cause the appliance to skew are taken into
account under 6.1.4.

Skewing loads as defined above are usually taken as occasional
loads but their frequency of occurrence varies with the type,
configuration and service of the appliance. In individual cases,
the frequency of occurrence will determine whether they are
taken as occasional or regular ioads. Guidance for establishing
the magnitude of skewing loads and the category into which
they are placed-is given in the parts of this International Stan-
dard covering those individual appliance types.

Annex F gives an example of a method for analysing skewing
loads on a rigid lifting appliance structure travelling at a con-
stant speed. For appliances with structures that are not rigid in
respect of applied skewing forces or that have specially con-
trolled travel guidance, appropriate models shall be used which
take the system properties into account.

6.3 Exceptional loads
6.3.1 Out-of-service wind conditions

When considering out-of-service wind conditions, the gravi-
tational force on that part of the mass of the hoist load remain-
ing suspended from the appliance, nm, shall be taken into
account:

nm=m — Am
where

m — Am is that part of the gross load remaining sus-
pended from the appliance,

m is the mass of the gross load.

Wind loads shall be calcuiated in accordance with ISO 4302.

6.3.2 Test loads
The values of test loads shall be in accordance with ISO 4310.
Where values for dynamic or static test loads are required that

are above the minimum given in 1SO 4310, proof of com-
petence calculations for these test conditions may be
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necessary. In this case the dynamic test load shall be multiplied
by a factor ¢g, given by

96 = 05{(1 + ¢,
where ¢, is calculated in accordance with 6.1.2.

Annex C gives a general comment on the application of
¢ factors.

6.3.3 Buffer forces

Where buffers are used, the forces on the crane structure aris-
ing from collision with them shall be calculated from the kinetic
energy of all relevant parts of the appliance moving in general at
0,7 to 1 times the nominal speed. Lower values may be used
where they are justified by special considerations such as the

“ existence of an automatic control system of demonstrable

reliability for retarding the motion or where there would be
limited consequences in the event of a buffer impact.

The calculation may be based ona rigid body model. The actual
behaviour of the crane and buffer system shall be taken into
account.

Where the lifting appliance or component is restrained against
rotation, for example by guide rails, the buffer deformations
may be assumed to be equal, in which case if the buffer
characteristics are similar, the buffer forces will be equal. This
case is illustrated in figure 4 a) in which

sz = Fx4 = ﬁx/2

Where the appliance or component is not restrained against
rotation, the buffer forces shall be calculated taking into
account the distribution of the relevant masses and the buffer
characteristics. This case is illustrated in figure 4 b).

The resulting forces as well as the horizontal inertia forces in
balance with the buffer forces shall be multiplied by a factor ¢,
to account for elastic effects which cannot be evaluated using a
rigid body analysis. ¢ shall be taken as 1,25 in the case of
buffers with linear characteristics (for example springs) and as
1,6 in the case of buffers with rectangular characteristics (for
example hydraulic constant force buffers). For buffers with
other characteristics other values justified by calculation or by
test shall be used. {See note 2 and figure 5.)

NOTES

1 In calculating buffer forces, the effects of suspended loads that are
unrestrained horizontally {free toc swing) should not be taken into
account.
2 Intermediate values of ¢ can be estimated as follows:

¢7 = 1,25if0< <05

97 =126 +07( -05)if0b < <1

6.3.4 Tilting forces

If an appliance with horizontally restrained load can tilt when it,
its load or lifting attachment collides with an obstacle, the
resulting static forces shall be determined.

If a tilted appliance can fall back into its normal position uncon-
trolled, the resulting impact on the supporting structure shall be
taken into account.
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a) Appliance horizontally guided by rails (uz = uy) b) Appliance not restrained against rotation (Fy3 = Fy4 = 0}

Figure 4 — Examples of buffer forces and buffer deformation (four-wheel bridge crane shown)
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1

u
{=— s F, du = relative buffer energy
0

Pa

For a buffer with linear characteristics: ¢ =0.5

For a buffer with rectangular characteristics : é=1

Figure 5 — Factor ¢7

6.3.5 Loads caused by emergency cut-out

Loads caused by emergency cut-out shall be evaluated in
accordance with 6.1.4, taking into account the most unfavour-
able state of drive (i.e. the most unfavourable combination of
acceleration and loading) at the time of cut-out. The value of
the factor ¢g shall be chosen from the range 1.5 <¢g < 2.

6.3.6 Loads caused by failure of mechanism or
components

Where protection is provided by emergency brakes in addition
to service brakes, failure and emergency brake activation shall
be assumed to occur under the most unfavourable condition.

Where mechanisms are duplicated for safety reasons, failure
shall be assumed to occur in any part of either system.

In both these cases, resulting loads shall be evaluated in
accordance with 6.1.4, taking into account any impacts
resulting from the transfer of forces.

6.3.7 External excitation of the lifting appliance
foundation

Examples of lifting appliance foundation excitation are earth-
quakes or wave-induced movements.

Loads caused by such excitations shall be considered only
when they constitute a significant risk.

NOTE — Special requirements given in regulations or specifications
may apply.

8.4 Miscellaneous loads

6.4.1 Loads due to erection, dismantling and transport

The loads acting at each stage of the erection and dismantling
process shall be taken into account, including those arising
from a wind speed of 8,3 m/s or greater. Higher values may be
specified for individual types of crane covered by the other
parts of this International Standard. Theyshall be combined in
accordance with 7.2.

In some cases it may also be necessary to take account of loads
occurring during transport.

6.4.2 Loads on platforms and other means provided
for access

The loads are considered to be local, acting only on the
facilities themselves and on their immediate supporting
members.

The following loads shall be taken into account:

3000 N where materials can be deposited;
1 500 N on meansprovided for access only;

not less than 300 N horizontally on railings, depending on
location and use.

7 Principles of choice of load combinations

7.1 Basic considerations

Loads shall be combined to determine the stresses an appliance
will experience, during normal operation, as simulated by an
elastostatic calculation. To achieve this,

a) the appliance is taken in its-most unfavourable attitude
and configuration while the loads are assumed to act in
magnitude, position and direction causing unfavourable
stresses at the critical points selected for evaluation on the
basis of engineering considerations, and

b} conservatively, loads can be combined at the values
defined in this part of ISO 8686 or, when appropriate, they
can be combined with some loads factored to more closely
reflect loading conditions actually found in practice.

The load combinations appropriate to individual types of appli-
ances shall be in accordance with the prineiples set out in 7.1.1
to 7.2 and in table 3.
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Table 3 — Loads and load combinations

1 2 3 4 5 6
Load combinations A Load combinations B Load combinations C
: Partial i i :
C::elg:::s Loads, /; I%a:r A1[A2| A3 | A4 Plaor;:l B1|B2|B3|B4|B5 Plaor;::l C1|C2|Cc3|{Ca|C5|C6|C7|C8 lI-\Il'c‘)e
. factors factors factors '
”p p ”p
Regular Gravitation, 1) Mass of the lifting appliance YpA1 o110 1| — YpB1 prio| 1| —|—| e oy 1ol |11 1
(see 6.1) acceleration,
impacts 2) Mass of the gross load YoA2 |#2%3]—|— Y82 | P2| @3 — | — | —| ¥pc2 R i LI L L T A 2
3} Masses of lifting appliance
and hoist load, travelling on vea3 | — |~ | —|%a| vpB3 ~|=1—|0a|04] 7pc3 — == =l=]=[=1= 3
an uneven surface
Acceleration 4) Masses of |a) Hoist
from drives lifting drives 05|05 — | — o5 | 95| — | — | — e Y IR I R I 4
appliance excluded
and gross Yphd YpB4 Ypca
load b) Hoist
drives -~ | 5|05 —|—leg|os| — -~ == === 5
included
Displacements | 5} See 6.1.5 YpAS 11111 YpB5 Tl 1) YpC5 LIS T T T T O T O O IO 6
Occasional Effects of 1) In-service wind loads YpB6 LA T O O B A — === =|=-1—-]- 7
(see 6.2) climate
2) Snow and ice loads YpB7 LI I I O B R I B OG5 -1 =l =]~=]=]=-]- 8
3) Temperature variations YpB8 1111111 YpC8 — 1| —-j == =1=1- 9
Skewing 4) Seeb6.2.2 voB9 |—|—|—1=11] 7oco =l =t=]=]=1=1= 10
Exceptional 1) Hoisting a grounded load vecto |02~ | = |~|—-|-|—-]- 1
{see 6.3)
2) Out-of-service wind loads I e e R I e e 12
3) Test loads YpC12 —|-leg|—t—-1—-{—-1|- 13
4) Buffer forces T el e K2 A T Bl el 1
5) Tilting forces vecta | —|—=|—-|-11|-1-1|- 15
6) Emergency cut-out YVoC15 [ — |~~~ |~ {95 | — 16
7) Failure of mechanism vocte [—|—|—|—1—-|—-19s]— 17
8) Excitation of the lifting appliance foundation veciz | == - |—-|— |- || 18
Strength coefficient y, YEA ’f8 Yic 19

6861 : 1-9898 OSI/SI
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Load combinations

A1 and B1

A2 and B2

A3.and B3

A4 and B4

B5

ct

C4to C8

Lifting appliances under narmal service conditions, hoisting and depositing loads, without in-service wind and Idads from other climatic effects (A1), and with in-service wind
and loads from other climatic effects (B1). ‘

In general, hoisting, travelling, slewing and luffing movements are possible simultaneously. The various loads resulting fromithese movements shall be combined to correspond
with the specified working conditions.

Lifting appliances under normal service conditions, sudden releasing of a part of the hoist load, without in-service wind and loads from other climatic effects (A2), and with in-
service wind and loads frorh other climatic effects (B2).

Drive forces shall be combined as in A1 and B1.

Lifting appliances under normal service conditions, accelerating the suspended load, without in-service wind and loads from other climatic effects (A3), and with in-service
wind and loads from other climatic effects (B3).

Other drive forces shall be combined as in A1 and B1.

Lifting appliances under normal service conditions, travelling on an uneven surface or track, without in-service wind and loads from other climatic effects (A4), and with in-service
wind and loads from other climatic effects (B4).

Drive forces shall be combined as in A1 and’ B1.

Lifting appliances under normal service condition, travelling on an uneven surface at constant speed and skewing, with in-service wind and loads from other climatic effects.
Lifting appliances under in-service conditions hoisting a grounded load under the exceptional circumstance applying to ¢, in 6.1.2.2.2.

Lifting 'appliances under out-of-service conditions, including out-of-service wind and loads from other climatic effects.

Lifting appliances under test conditions.

Drive forces shall be combined as in A1 and B1.

Lifting appliances with gross load in combination with loads such as buffer forces (C4), tilting forces (C5), emergency cut-out (C6), failure of mechanism (C7), excitation of
the lifting appliance foundation (C8).

NOTE — For erection and dismantling loads, see 7.2.

1-9898 OSI/SI

6861
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7.1.1 Basic load combinations

Basic load combinations are given in table 3. In general, load
combinations A cover regular loads, load combinations B cover
regular loads combined with occasional loads, and load com-
binations C cover regular loads combined with occasional and

nvnnmtiarsal laada

CALGRPLUUNIal 1vaud.

7.2 Load combinations during erection,
dismantling and transport

Each stage of the erection and dismantling process shall be
considered, taking into account the appropriate loads and load
combinations which shall be as specified in the parts of this
International Standard covering each type of crane. Proof of
competence calculations shall be carried out for each instance

of cionificant lnadin
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in some cases it may also be necessary to take account of load
occurring during transport.

7.3 Application of table 3

7.3.1 General

The masses in column 2, lines 1 to 3, shall be multiplied by
-gravitational -acceieration g, and masses in column 2, iines 4
and 5, by the appropriate accelerations. The resulting or given

loads. shall be multiplied by the corresponding factors or by 1

QDY Lorespe aCiis OF ..

Each combination of loads shall be applied in accordance
with 7.1.

7.3.2 Aliowable stress method

The allowable stresses for load combinations A, B and C shall
be determined by dividing the appropriate specified strength of
the material, element, component or connection {for example
the stress at vielding, buckling or limit of elastic stability) by
VA« Pt OF Yic-

ents pa, Vg and pge for this 1
n annex B).

-
N

7.3.3 Limit state method

The various loads shall be multiplied by the partial load coef-
ficients y, depending on the type of load and load combi-
nations A, B or C before being appiied to the modei.

The partial load coefficients y_ to be

p O selected are
columns 3,4andb.

listed in

Ranges of values of partial load coefficient y, are given in
table B.1.

7.3.4 Elastic displacements

In some instances, elastic displacements can render an ap-
pliance unfit to perform its intended duties, can affect stability,
or may interfere with the proper functioning of mechanisms. In
such instances, consideration of displacements shall be part of
the proof of competence calculations and, where appropriate,
calculated displacements shall be compared with established
limits.

7.3.8 Proofs of fatigue strength

The effects of fatigue shall be considered. Where proofs of
fatigue strength are found to be necessary they shall be carried
out in accordance with the principles set down in 7.1. In
general, load combinations A1, A2, A3 and A4 (reguiar loads)
shall be taken into account.

In some applications it may be necessary to consider also occa-
sional loads such as in-service wind, skewing and exceptional
loads such as test loads and excitation of the lifting apphiance
foundation (for example wave effects).

7.3.6 High-risk applicatiohs

In special cases where the human or economic consequences

en aro S I¥s

UI lduure are BX(,BleOHdIIy severe (1or example Id(lle cranes or
cranes for nuclear applications), increased reliability shall be
abtained by the use of a risk coefficient y, > 1 the value of
which shall be selected according to the requirements of the
particular application,

Using the allowable stress method, the allowable stresses shali

be divided uy the coefficient. Ublhg the limit state method, the
loads shall be multiplied by y,,. See annex A.
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Annex A
(normative)

Application to the allowable stress method and the
limit state method of design

(see clause b)

A.1 Introduction

The principles set out in this part of ISO 8686 for determining
the loads and load combinations to be taken into account in
proof of competence calculations are applicable to both the
allowable stress method and the limit state method of design.
This annex describes their application in general terms.

A.2 Allowable stress method

Individual specified loads, f;, are calculated and amplified
where necessary using the applicable factors ¢. They are then
combined according to the load -combination under consider-

ation from table 3. The combineg_ load, F;, is used to deter-
mine the resulting load effects, S, , i.e. the inner forces and

moments in members or the forces on supports.

The stresses, gy, , due to the action of the load effects on a par-
ticular element or component are calculated and combined with
any stresses, g,;, resulting from local effects. The resulting

design stress g; should be compared with an appropriate
allowable value of adm g.

Admissible stresses are obtained by dividing the specified
strengths R of the material, such as the stresses corresponding
to the yield point, limit of elastic stability or fatigue strength, by
a coefficient y¢, specified in table 3 according to the basic load
combination {see 7.1.1), and, where appropriate, by a risk coef-
ficient y,, (see 7.3.5).

Special care is required to ensure a valid proof of competence
when the allowable stress method is applied to cases where in-
ternal forces are not linearly proportional to the loads producing
them or critical values of stress result from the combination of
independently varying loads which give stresses of opposite
signs.

A flow chart illustrating the allowable stress method of design

{is shown in figure A.1.

Table 3 Sk
—_— — E
fi Tf =F S| Sk
L |
Ji is the load i on the element or component
F is the load combination j
5,

% 7

Ty
ﬁ”
_ —w g admo= R
o 4]

& are the load effects in section & of members or supporting parts, such as inner forces and moments

resulting from load combination F;

&y  are the stresses in the particular element / as result of load effects S

Gy are the stresses in the particular element / arising from local effects

ay is the resulting design stress in the particular element /

is the specified strength or characteristic resistance of the material, particular element or connection,
such as the stress corresponding to the yield point, fimit of elastic-stability or fatigue strength (limit

states)

adm o are the allowable stresses

V4 are the coefficients applied to the specified strength according to the load combination under considera-
tion
’n is the risk coefficient, where applicable

Figure A.1 — Typical flow chart of the allowable stress method
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A.3 Limit state method

Individual specified or characteristic loads, f; , are calculated
and amplified where necessary using the factors @, multiplied
by the appropriate partial load coefficients y,. They are then
combined according to the load combination under consider-
ation to give the combined load 17} Factors ¢ and partial load
coefficients y, for individual loads are given in table~B.1.

Where appropriate, the risk coefficient y, is applied to the com-

load effects, Sy, are determined from the design load. The
stresses, ay;, due to the action of the load effects on a par-
ticular element or component are calculated and combined with
any stresses, gy, resulting from local effects which have also
been calculated using the appropriate load coefficients.

The resulting design stress a; should be compared with an ap-
propriate limit value, lim &.

A flow chart illustrating the limit state method of design is

bined load F} (see 7.3.6) to give the design load, }'nF). Design shown in figure A.2.

Ou
Table 3 Sk oy

JR———— ————— —] [N — hm o=

n hfi nhi nfi =7nFj nFil Sk Sk Ty g m
Ji is the load i on the element or component
Fi is the load combination j from loads f; , multiplied with partial load coefficients and risk coefficient, when

applicable

Sk are the lead effects in section & of members or supporting parts, such as inner forces and moments,

resulting from load combination F

oy are the stresses in the particular element / as a result of load effects S;

oy are the stresses in the particular element / arising from local effects

a; is the resulting design stress in the particular element |

R is the specified strength or characteristic resistance of the material, particular element or connection,
such as the stress corresponding to the yield point, limit of elastic stability or fatigue strength (limit
states)

imag is the limit design stress

Yp are the partial load coefficients applied to individual loads according to the load combination under con-
sideration

’n is the risk coefficient, where applicable

’m is the resistance coefficient

NOTES

1 Instead of a comparison of stresses, as mentioned above, a comparison of forces, moments, deflections,
etc. may be made.

2 A general description of the limit state, method of design is given in 1SO 23%: 1986, General principles on re-
liability for structures.

Figure A2 — Typical flow chart of the limit state method

14
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Annex B
(normative)

Values of coefficients ys, ym and y,

Table B.1 gives values of y;, ¥, and y, to be used in proot of competence calculations for load combinations A, B and C.

Table B.1 — Values of coefficients" y;, y,, and »,

Load
combinations

Allowable
stress method

Limit state method

Coefficient y4

Resistance
coefficient y,

Partial load coefficient Yp

A 1,48 1,1 1,16 1.22 1,28 | 1,342 | 141 1,48 1,55 1,63 1,71 1.8
B 1,34 1,05 11 1,96 | 1,22 [ 1,282 | 1,34 1,41 148 | 1,55 | 1,63 1.7
c 1,22 1 1,06 | 11 1,96 | 1,2220} 1,28 | 1,34 | 141 148 { 1,55 | 163

2} These values apply to the mass of the payload.

1} The coefficients are calculated from the formula y = 1,05%, where 0 < v < 12.

For individual types of appliance, values of y, for each load
should be selected from those given in table B.1 and stated in
the part of this International Standard covering the type of
crane under consideration. Where the same load occurs in
more than one load combination, the values of y, applying to
that load shall be taken from the same column.

The value of y, is selected according to the accuracy with
which the relevant load can be determined. There may be

15

special cases where the effect of a load is to reduce stress and
values of y, < 1 may be appropriate. These will be covered in
the other parts of this international Standard for individual
types of appliances.

In proof of fatigue strength, instead of y coefficients, strength
values shall be used that provide an appropriate probability of
survival. Fatigue design will be covered in a future International
Standard.
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Annex C
(informative)

General comment on the application of ¢ factors

C.1 Dynamic effects

In general, the dynamic responses induced by different loads
(see clause 6) are taken into account by the use of dynamic
factors ¢, by which gravitational forces due to the masses and
inertia forces due to rigid body movements are multiplied (see
figure C.1).

¢ = static
axial forces

LSS S S S

a) Example of the load effects covered by
dynamic factors ¢

In cases where the load effect and dynamic response are not
covered by these factors, elasto-kinetic analyses or ex-
periments shall be carried out, unless it is known from ex-
perience that these effects are sufficiently small te be ignored.

Additional bending
due to vibration

S

b} Example of the load effects not covered
by dynamic factors ¢

Figure C.1 — Application of dynamic factors ¢

16
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Annex D
(informative)

Example of a model for estimating the value of ¢4 for a lifting appliance
travelling on rails
{see 6.1.3.2)

D.1 General

The dynamic loads caused by travelling or traversing on rails
with steps or gaps may be estimated by -using appropriate
elasto-kinetic models. Unevenness functions may be used to
represent the steps or gaps in-the rails.

D.2 Elasto-kinetic mode!

In this example, the dynamic loads on the appliance caused by
excitation of the system are estimated using a simple model.

A single mass m, in kilograms, moving horizontally at constant
speed v, in metres per second, is supported by a linear elastic
spring with a spring constant ¢, in newtons per metre, and is
guided by a rail (see figure D.1).

With the unevenness function A{t), in metres, and the coor-
dinate z(r), in metres, describing the position of the spring-
supported mass, the dynamic force in the spring follows the ex-
pression Flt) = clhalr) — zlt)], in newtons.

The maximum force F;,,, is given by the maximum value of the
expression Flt} during the period of response. This may occur
during or after the period of excitation.

eg = \2rhg

lhg < 1)

a) Passing over a step

—
m ~—0———9—/‘T
z(h
c -
™ /
hit)

Figure D.1 — Model for determining dynamic factor ¢,
D.2.1 Movement of the wheel centre when
passing over a step or gap

The movement of the wheel centre when passing over a step or
gap and the corresponding formulae are shown in figure D.2.

%

he = —
€~ %

(eG = r)

b) Passing over a gap

Figure D.2 — Movement of wheel centre

17
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D.2.2 Approximate unevenness functions for exciting the elasto-kinetic model

The approximate unevennéss functions A(t) for exciting the elasto-kinetic model are shown in figure D.3 and in the corresponding for-

mulae in D.2.3.

‘hlf)

es
v

—

hg )
hlt) = — {1 — cos 2 1)
2
where Qtg =

a) Passing over a step

4/;(;‘)

f
L
o~
- -, e
~
N o <
fﬁ=ﬁvﬁ_
— —d

hg

Alf) = — (1 — cos Q1)
2

where Q tg = 2n

b) Passing over a gap

Figure D.3 — Unevenness functions A(z)

D.2.3 Maximum vertical accelerations

D.2.3.1 Lower end of spring
The maximum vertical acceleration of the lower end of the

spring, ;;, when passing over a step or a gap at constant speed
v, is given by

;;:

where hg, hg, 2, v and r are as shown in figures D.2 and D.3.

D.2.3.2 Mass passing a step

The maximum vertical acceleration £ for a mass m passing a
step is given by

Z = héglag)
where
wh 2r
ag = — -
nv | hs

18

in which w = \/¢/m is the natural circular frequency of the
elasto-kinetic model.

D.2.3.3 Mass passing a gap

The maximum vertical acceleration 7 for a mass m passing a
gap is given by

Z = h&glag)
where

weg

Qr =
6 2rv

D.2.4 Factors {gand ég

In figure D.4, the curves for factors {glag) and &glag) for
a parabolic {par) unevenness function are compared with
those for the approximate cosine {cos) unevenness function
previously introduced. The numbers in brackets [(1) or {2)] in-
dicate the periods for which the factors £ are valid. Period (1)
covers times fg and fg and period (2) is the response time
thereafter.

For both excitations (step or gap) the maximum values of {g or
¢ for a = <1,3 have been found to occur in period (2), i.e.
after the time the wheel has passed the unevenness, -and with
the cosine unevenness function [cos(2)].
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In this case, the values of the factors may be determined For the two cases and the assumptions made, including
analytically by a < 1,3, using the formuiae for &g, ag and g, ag, the factors
@4 may be calculated as follows:
2
o .
s = ] S 2 \2 + 2 cos{nag) for a step:
% 1 n \2 v2 (ae)
or ¢4 2 gr CS S
2 for a gap:
°G
g = > V2 — 2 cos(2nag)
1 - aG n 2 V2
Os=1+{— —ég(a(_:,)
2] gr

D.2.5 Dynamic factor, ¢4
D.2.6 Comments

is defined as follows: . L . .
4 The use of this simple elasto-kinetic model is restricted to-ap-

mg + ms pliances whose actuai dynamic behaviour corresponds to that

P4 = of the model and which are excited in the manner shown by
mg passing over steps or gaps in the rails. If more than one natural
o mode contributes a significant response and/or rotation ec-
=1+ _h_ £ curs, the designer should estimate the dynamic loads using an
appropriate model for the circumstances.
5
: Al ] ﬁ hi#)
2,5-‘ cos (2) cos (2)
par ___
- cos £ par
[ 1 >~ -
z P N o <
SEv 1
=86
(1) 2) f=5
15+ 1
' (1.1 l__ {1,2) _12)
s
1 2 ES
cos (1) par{1,1)
par(1,2)
05+ 1 4
0 + t + + ‘ + 0 Y ' : } — !
-0,2 0.4 0,6 08 1 1,2 0,2 04 0.6 08 1 1,2
oy —— - o ——
a) For a step b) For a gap

Figure D.4 — Curves of unevenness function

19
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Annex E
(informative)

Example of determination of loads caused by acceleration

(see 6.1.4)
‘E.1 Rigid body kinetic model crane bridge supported by four crane travel wheels and travel-
' ling at a-constant speed. One wheel on each side is driven by a
The example considered is that of a rigid lifting appliance (i.e. simplified independent drive. A traversing loaded trolley is sup-
an overhead travelling crane) consisting of a double girder ported by the crane bridge (see figure E.1).
7
¢ m
s //,,2, 7 % o
] sghix
GO s [(A)] T2
z st CG .
l 2M 1 ,
- Mg 7 e —mg
2
y X /m"‘ ) 2
. 113 nl.'
1 . a I . a
—sgn (x) wmg = —sgn(x) wmg-—
5 >S9 9 >S9 Ch
] C
|
o~ b
= Q o . ..
MY,V
- | . : ~+M __ﬁ,x
o | o, .
i'M vy K
. s
' Mmz+m3
N b // :
— - /. /
B //
s 7
EN R '
Rail 1 [:I l;] 1 5
1 ; b 1 - b
—_— wmg — —_— wmg ——
y 5 sgnix) wmg [ 5 sgn(x) wmg ;
C
z X

Figure E.1 — Loads acting on an overhead travelling crane (see table E.1)
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The drive forces developed by the motors and brakes are
transferred through one-step gears to the crane travel wheels.
The travel wheels are supported in the end carriages, those on
one side being laterally fixed and those on the other side being
laterally movable.

E.2 Symbols

The symbols used in this annex are given in table E.1.

Table E.1 — Symbols used in annex E

Symbol Description
Geometric parameters (in metres)
! Span of the appliance
y Distance of centre of mass of loaded trolley from rail 1
a Distance of centre of gravity (CG) from rail 1
b Distance of centre of gravity (CG) from rail 2
c Wheel base
r Radius of gear wheel 1
ry Radius of gear wheel 2
r Radius of crane travel wheels
Masses (in kilograms)
my Mass of crane bridge with travel drives
ma Mass of crab
mg Gross load
m Mass of the loaded lifting appliance
(m=m1+m2+m3)
Mass moments of inertia {in kilograms metre
squared)
04 Mass moment of inertia of motor, coupling, brake drum
and gear wheel 1
2 Mass moment of inertia of gear wheel 2 and crane travel
wheels (neglected in this example)
Internal friction losses
n Ratio of output power of gearing to input power
of gearing
Speeds and accelerations (in radians or metres
per second or second squared)
W, v Rotational speed and acceleration, respectively,
of motor, coupling, brake drum and gear whee! 1
x, ¥ Travel speed and acceleration, respectively, of the
lifting appliance
Torques (in newton metres)
M Drive torque acting on the first shaft of the crane
travel gear
My Torque due to the stationary characteristics of
the motor )
Mg Torque of the mechanical brake

21
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E.3 Forces

E.3.1 Drive forces and external forces

The motion of the appliance [x(¢)] and load effects depend on
drive forces which are in balance with the internal frictional
forces, the inertia forces and the external forces. The external
forces include the frictional forces due to mechanical resistance
{losses) at the wheels, wind load and, in the case of an inclined
track, gravitational forces.

The torques M = My, or M = Mg may be defined by the
motor or brake characteristics and these are illustrated by the
two examples given in figures E.2 and E.3.

1’4 “
N ¢(O)
VTS
My =M 11 7o
M(a)\ MM
My, is the steady-state output torque of the motor at a motor speed
of

M {3) is the motor starting torque (7 = 0)
w0} is the synchronous rotational speed of the motor (M = 0)

Figure E.2 — Resistor-controlled slip-ring motor —
Simplified presentation of motor characteristics

_ *Wa'
-|#s 1

My is the brake torque whose direction ii opposite to that of y. For
simplification purposes its magnitude, | Mg/, is taken as constant.
Mathematically it is expressed as Mg = —sgn () | Mg|.

- Mg =-sgn('¢)|/‘?el

Figure E.3 — Mechanical brake — Formal presentation
of brake torque
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E.3.2 Frictional losses at a wheel

Figure E.4 illustrates frictional losses at a wheel,

™
sgn(x)lAM/r‘R ,); _ sgn(l()sz

) 4 sgn{x)AM.

f

AM, is the torque loss due to friction in the wheel bearing

AM,; is the torque representing the losses due to rolling friction in the contact
zone of the rolling wheel

F, is the wheel load

w  is the equivalent friction coefficient (AMy + AMy = wF,r)
Figure E.4 — Frictional losses at a wheel

E.4 Drive accelerations

The drive model shown in figure E.5 is used for estimating drive accelerations. This represematnon combines the two drives acting to
balance forces and includes all significant effects.

sgni{x)wmg

Output side of
gear element 2

Brakes

z6 \ZM/*

. 2F Input side of
(./ gear element 2

QOutput side of
gear element 1

Input side of
gear element 1

Figure E.5 — Crane drive model (sign convention)
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From rigid body kinetic analysis, neglecting the mass moments
of inertia, 8,, the. acceleration, X', of an appliance not affected
‘by wind forces can be expressed as

2M iV rp =1 nt — sgni®) wmg

¥ =
20,(r; rar= 2% + m
where
A = sgn(uF);

i is the tangential speed of gear wheels;

F is the tangential force to be transferred by the gear
wheels.

NOTE — Sign convention of speed and internal forces

Internal forces of a gear element are assumed to be positive when
acting at the /input side in the direction of the positive speed and at the
output side opposite to the direction of the positive speed. The speeds
of gear elements are chosen positive if acting in the positive direction
of the movements of the lifting appliance considering the kinematic
interactions of the mechanical parts.

E.5 Loads and load effects

The loads and load effects caused by appliance drives during
regular use can be taken into account-considering the relevant
events, for example:

a) Eventl

Accelerating the appliance from rest (i = 0} by-applying a
starting torque M}a’ to each travel drive.

b) Eventll

Decelerating the crane from steady-state motion
(¥ = ¥ = 0} by mechanical braking whereby the torque
on each travel drive is changed from a motor torque
My (¢ = 0) to a braking torque of —| Mg]|.

IS/ISO 8686-1 : 1989

For the purposes of the example in this annex, events | and il
are taken to be instantaneous changes in torque. The events
are illustrated in figure E.6.

E.6 Accelerations

Before the design load effects arising from changes in torque
can be calculated, such as those of events | and |l of clause E.5,
it is necessary to estimate the initial acceleration X ; and the
final acceleration X bounding the event. These can be
estimated as follows :

a) For event |
Xy =0

2MQ -l ryr='n ~ wmg

;Y.f =
0 20iry v r 2+ m

sinced = +1{asu > 0and F > 0)
b} For event li

Myt = 0 rytryr=tn - wmg
¥p=0=

20,r; o= + m
sinced = +1(asu > Oand F > 0)

2|1\,;15]r1‘1 rprln=1 + wmg

Ky = —
" 20,(r7 e 21 4 m

sinced = ~1(asu > 0and F < 0}

From these results it can be seen that if M) = | Mg, the

acceleration X () for event | is less than the deceleration X (, for
event Il

E.7 Design load effects in the mechanical
components

As an example, the tangential force to be transferred by the
gears and to be considered in design, F, is estimated as follows
(see clause E.4 and figure E.5):

Event ll
e =0)
Event |
—&- #
-|#s] My (¥=0) MO

Figure E.6 — illustration of events | and 11
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F= (M~ 6
where y = rilryr='x
F = Fy + ¢sAF
where AF = Fi — Fj;

a) Forevent |

Fy=0

F(f) = [Mﬂ) - 01 r1"1 r2r‘1¥(f,]r1"‘

b) For event I

Fiy = Myly = 0t

F(f) = [_IMBI - 01 r,“ r27_1 X‘m]r,”

O
=
—

'._;

T}~

iiiAEARARARARAREREEN

-
peo—4
Fx3 o]
1
~ -
S~
Q[ - —1
he——1
-J
v [
=
p—|
N -
L] il
> e}
Fxi [
—- ¢
1h
y —_
21
z

a) Distribution of horizontal loads during acceleration
of the appliance

F

-— A o

X
3
Q

]
5 wing

E.8 Design load effects in the structural
components

As an example, the horizontal loads and reactions to be
transferred by the crane girder, and to be-considered in design,
are estimated as follows. (See figure E.7.)

The horizontal loads and forces are caused by drive forces ac-
celerating the crane and do not include skewing forces.

During acceleration, the two acting drives balance the mass
forces (m¥ = my¥ + my¥ + my¥) and the forces due to the
frictional losses at all wheels (wmg). It is assumed that the
crane drive characteristics are identical as well as their control;
therefore the drive forces are equally distributed to both of the

drives (F,3 = Fy = %mx + %wmg). The resultant drive

force acts in the centreline of the span. Forces transverse to the

Fy3=miX+ wg)—ce_— Fyu=-m (x+ wg)-ce—
wmng L I.‘
Fx3= LG' (wg+x) ’7_""’"9
X
—_—
CGI
mx

Fyq = I . b
x1= > (wg + x) { wing

1 2

b) Resultant loads — Acting drive forces F,3 = F,;
and reacting forces F, = —Fy3

Figure E.7 — Horizontal loads and reactions



runway, Fy4 = —F3, usually occur due to the distance
e = é — a between the acting and reacting forces, and
become

Fy = Fg

m¥ + wg)£
c

The design load effects F and the accelerations before [ ] and
after [¥ ;] changing the torques for any considered event
should be evaluated.

Fy3ii) *Fykm

i il
Fx3ti) T T f—wmg
8y

P M
N B N i)
(G |
mx;)
— ‘ gl
Fxati)= Fx3ti) —f—wmg

In the special cases of events | and Il :
Xp =0

a) Before changing the torques (i)

ISNSO 8686-1: 1989

From the acting loads, the mass forces m¥ ; and m¥ () as well
as the resultant friction forces, all relevant load effects Fy;, [N;,
Q). Myl and Figy Ny, Q. Mip) respectively should be
estimated by an elastostatic calculation considering the crane
girder as a plane (or space) frame {see figure E.B).

The design load effects may be evaluated, having reference to
clauses E.4 and E.7, from

?=Fﬁ) + ¢5 AF

where AF = Fm - F“)

*Fyﬂf) ‘Fyl,(f)
— —W -l
Fx3if) T —;’-wmg
Qi)
P Mg
— Nip
CG |
mxq¢)
- -
Fya61= Fxatp L wmg

b) After changing the torques (f)

Figure E.8 — Loading state
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Annex F
(informative)

Example of a method for analysing loads due to skewing
{see 6.2.2)

F.1 Model of appliance

To enable an estimation to be made of the tangential forces
between wheels and rails as well as of the forces between the
acting guide means, caused by skewing of the lifting appliance,
a simple travel-mechanic model is necessary. The lifting ap-
pliance is considered to be travelling at a constant speed
without anti-skewing control.

The model consists of n pairs of wheels in line, of which p pairs
are coupled. An individual (i) pair of wheels can be defined,
either as coupled {C) mechanically or electrically, or mounted
independently (1) of each other. The latter condition is also valid
in the case of independent single drives.

The wheels are arranged in ideal geometric positions in a rigid
crane structure which is travelling on a rigid track. Differences
in wheel diameters are neglected in this model. They are either

fixed (F) or movable (M) in respect of lateral movement. The
lateral degree of freedom can, for exampie, be provided by a
hinged leg.

The different combinations of transversally in-line wheel pairs
that are possible are shown in figure F.1.

In figure F.2, the positions of the wheel pairs relative to the
position of the guide means in front of the travelling crane are
defined by the distances d; .

NOTE — Where flanged wheels are used instead of an external guide
means, d; = 0.

It is assumed that the gravitational forces due to the masses of
the loaded appliance (myg) are acting at a distance u/ from rail 1
and are distributed equally to the n wheels at each side of the
crane runway.

Coupled (C)

Independent (1)

Fixed/Fixed

IRl

CFM

Fixed/Movable l I
(F/M) ‘

[~ 8

Figure F.1 — Different combinations of wheel pairs

Guide means

. & | & | Travelling direction
o Wheel pair 1
=) Wheel pair 2
.D: —— :
mg
Wheel pair i
Wheel pair n
ul 1-p)t=nY
Rail 1 Rail 2

Figure F.2 — Positions of wheel pairs



F.2 Reiationship between tangentiai forces
and displacements

It is first necessary to assume a relationship between the
tangential forces and the corresponding displacements occur-
ring between wheel and rail. Smce the wheel! has to transfer
drive moments (M,) to the rail and its movement is restricted by
the system (crane and runway) it slides in longitudinal and
latera! directions [ulu,,u,)); corresponding tangential forces
{Fy, F,} react on the crane {see figure F.3}.

Geometry Sliding distance >\
Vv _

[' _ m——

Q

[

Rolling distance,.ry

Forces

Figure F.3 — Tangential forces and displacements
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in generai, a reiationship exists between the siiding distances
(uy, u,), the free-rolling distance ry, the wheel load F, and the

tangential forcee lF‘ F.) as follows:

LICeS U Syl S NVS .

F = fls <,
SXWKr P

F, surface conditions). F,

n
Xr Syr o SV LIS R0 0 'z

Fy = fJlsy, sy, Pc. surface conditions)-F,

The friction coefficients of the rolling wheel (f,,, f,) depend on
the slip, i.e. the relation between slide and free-rolling distances
sy = uy/ry, s, = u,/ry), on the contact pressure between
wheei and raii {p.j and the surface conditions of the raii. To
simplify the calculation, the following empirical relationships
mav he used:

.
It

f. = 03101 — expl—250 5., for s, < 0,015

By
[

= 0,3[1 — exp(—250 sy, fors, < 0,015

F.3 Loads due to skewing

The crane model is assumed to be travelling in steady motion
and to have skewed to an angle @, as shown in figure F.4. The

appliance may be guided horizontally by external means or by
wheel flanges.

A guide force F, is in balance with the tangential wheel forces
Fair Fpir Fyajr Fyp; which are caused by rotation of the ap-
pliance about the instantaneous slide pole. With the maximum

lateral ehn s, = g at the quide means and a linear distribution
ateral o guige means ang a inear gistributior

of the Iateral slip sy, between guide means and instantaneous

Direction ;”: Dlrectlon

of motion

G

\“-—ﬂ' _*___ q}y # Guide means

\ 1

\sy’ Fyi HFI" =_”'9

B
FzZi =ng FY?I

Wheel pair i Fx2i

\ LT\ Fo

[
1
0

/

/
/ L
/
./

Rail 2

| wt

y /nstantaneous
slide pole

iR Xl

T

Figure F.4 — Loads acting on crane in skewed position
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slide pole, the corresponding skewing forces can be calculated
as follows:

a) Distance between instantaneous slide pole and guide
means, h

For systems F/F, h = (puu't? + £d2)/Xd;
For systems F/M, h = (pul? + Ld?)/%Xd;
where

p is the number of pairs of coupled wheels;

u is the distance of the instantaneous slide pole from
rail 1;

0

u' is the distance of the instantaneous slide pole from
rail 2;

{ is the span of the appliance;

d; is the distance of wheel pair.ifrom the guide means.

b) Guide force, F,

F, = vfmg
where
v = 1 — Xd;/nh, for systems F/F,

#'(1 — Xd;/nh), for systems F/M;
S = 0,3(1 — exp{—250 a)], where a < 0,015 rad;

mg is the gravitational force due to the mass of the
loaded appliance.

28

NOTE - The skewing angle a, which should be equal to or less than
0,015, should be chosen taking into account the space between the
guide means and the rail as well as reasonable dimensional variation
and wear of the appliance wheels and the rails.

F.4 Tangential forces, F;and F,

Fai = & fmg

Foi = &y fmg

Fp = wifmg

Fypi = vo; fmg
where

fand mg are as given in F.3 b);

&40 &g, vi;and vy, are as given in table F.1.

"Table F.1 — Values of §1i v €oi o vijand vy

,?:t?:,l:,i; $1i = &2 12F vy
CFF wi'linh " (1 _ ﬁ)
IFF 0 s (1 _ fi) n h
CFM wu'linh n h o
IFM 0
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