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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 preparirlg International
Standards is normally carried out through 1SO technical committees.| Each member
body interested in a subject for which a technical committee has been gstablished has
the right to be represented on that committee~International organizgtions, govern-
mental and non-governmental, in liaison with 1SO, also take part in [the work. ISO
collaborates closely with the International Electrotechnical Commissipn (IEC) on all
matters of electrotechnical standardization

Draft International Standards adepted by the technical committees ate circulated to
the member bodies for approvalbefore their acceptance as International Standards by
the 1ISO Council. They are approved in accordance with ISO procedufes requiring at
least 75 % approval by the,member bodies voting.

International Standard ISO 8686-1 was prepared by Technical Committee ISO/TC 96,
Cranes.

1SO 8686 will-consist of the following parts, under the general title Cranes — Design
principles for loads and load combinations:

=~ Part 1: General

— Part 2 : Mobile cranes

— Part 3 : Tower cranes

— Part 4 : Jib cranes

— Part 5 : Overhead travelling cranes and gantry cranes

Annexes A and B form an integral part of this part of ISO 8686. Annexgs C, D, Eand F
are for information only.
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INTERNATIONAL STANDARD

1SO 8686-1 : 1989 (E)

Cranes — Design principles for loads and load

combinations —

Part 1 :

General

1 Scopge

This part of ISO 8686 establishes general methods for calculat-
ing loads, and principles to be used to select load combinations
for proofs [of competence for the structural and mechanical

of cranes as defined in 1SO 4306-1.

on rigid-body kinetic analysis and elasto;static
analysis but it expressly permits the use of more advanced
methods (dalculations or tests) to evaluate the effects.of loads
and load cdmbinations, and the values of dynamic load factors,
where it dan be demonstrated that these_provide at least
equivalent [evels of competence.

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

a) It grovides the general,form, content and ranges of
paramefer values for /more specific standards to be
developed for individuat lifting appliance types.

b) It grovides_a framework for agreement on loads and
load commbirnations between a designer or manufacturer and
an appllanee purchaser for those types of lifting appliances

agreemeénts based on this part of ISO 8686 are
investigate the possibility of applying the most
of the standards listed below. Members of IEC

encouraged to
ecent editions
bnd 1ISO main-

tain registers of currently valid International Stapdards.

1ISO 4302 : 1981, Cranes — Wind load assessm

ISO 4306 (all published parts), Lifting appliances

PNt.

— Vocabulary.

1ISO 4310 : 1981, Cranes — Test code and procgdures.

3 Definitions

For the purposes of ISO 8686, the definit
1ISO 4306, together with the following, apply.

3.1 loads: External or internal actions in the 1

ons given in

orm of forces,

displacements or temperature, which cause gtresses in the

structural or mechanical components of the lift

3.2 kinetic analysis of rigid bodies: The

where T

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

ng appliance.

study of the

4 a4l H fora
TTTOVETITICTTC aita (e e TOUTot

elements that are assumed to be non-elastic.

modelled by

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 ISO 8686 are given in
table 1.
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Table 1 — Main symbols

Symbol Description Reference

] Factors for dynamic effects Various
9 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 ¢, 6.1.1
[ 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
Pq 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
P6 Factor for effects of dynamic load tests 613.2
@7 Factor for elastic effects arising from collision with buffers 6}3.3

HCq to HCy4 Hoisting classes assigned to lifting appliances 6]1.2.1
Ba 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, Fyp, Fyq Buffer forces 6/3.3

YtA. V1B Y Coefficients for calculating allowable stresses 713.2
”p Partial load coefficient 713.3
m Resistance coefficient Annex A
’n Coefficient for high-risk applications 713.6
m Mass of the load 6.1.4.3, 6.3.1

nm =m — Am Mass of that part of the hoist load remaining suspended from the appliance 6]3.1
NOTE — Furth¢r symbols are used in the annexes and are‘defined therein.

5 General

5.1 The objective of proof of compétence calculations carried
out in accordarjce with this part“of 1SO 8686 is to determine
mathematically that a lifting appliance will be competent to per-
form in practicd when operated in compliance with the manu-
facturer’s instrugctions.

The basis for sych proof against failure (by yielding, elastic in-

stability or fatidue—forexamplel-is—the—comparison—-between

The effects of differences between actual and ideal gdometry of
mechanical and structural systems (for example theg effect of
tolerances, settlements, etc.) shall be taken into| account.
However, they shall be included specifically in progf 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 structuralldesign or
proof of competence calculations :

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.

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
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QL o2 LU P wiiar
member reduced to reflect statistical variati in its

strength and geometric parameters.

The iimit state method generaily 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.

ISO 8686-1 : 1989 (E)

n 'I'Innu rest e ‘—I\M ar ool fom

igue. iney resuit wwom gra -.y and from acceler-
ation or deceleratlon 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-

5.3 To cjlculate stresses from applied loads, an appropriate
model of the appliance shall be used. Under the provisions of
this part ISO 8686, loads which cause time variant load
effects are pssessed as equivaient static ioads from experience,
experimentk, or by calculation. A rigid-body kinetic analysis can
be used with dynamic factors to estimate the forces necessary
to simulatg the response of the elastic system. Alternatively,
either elastp-kinetic analysis or field measurements can be car-
ried out, byt 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, arld for considerations of stability and displacements,
loads, load|combinations, load factors, allowable stresses and
limit stated should be assigned either on the basis of ex-
perience, with consideration of other International Standards
or, if applichble, on the basis of experimental or statistical data.
The paramgters used in this part of ISO 8686 are considered to
be deterministic.

Where a dpecific loading cannot occur (for example wind
loading on pn appliance used indoors) then that loading can'‘be
ignored in [the proof of competence calculations. Similarly,

b) fea

c) confitions which are prevented\or suppressed by the
design ¢f the appliance.

ures not present in the design;

relevant copditions, particularly“the acceptable probability of

If a probat;Fstic proof of compéténce calculation is used, the
failure, shall be stated.

6 Load$ and-applicable factors

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,

sideration. They include loads caused by, testing, out-of-
service wind, buffer forces and tilting)-ag well as from
emergency cut-out, failure of drive components, and exter-
nal excitation of the lifting appliance foundattion.

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

The category in which afdoad’is placed is not ah indication of
the importance or criticality of that load. For exgmple, erection
and dismantling loads,valthough in the last catggory, shall be
given particular attention as a substantial portign of accidents
occur during these phases of operation.

6.1 Regular loads

6.11, 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 applicatjons, it may be
necessary to add mass to account for encrustatign 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 facfor ¢;, where
¢, =1 a 0<a<0,1. In this way the vibfational 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 valugs of the factor
shall be applied in order to find the most criti¢al loadings in
members and components.

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 HC4 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 8, 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 dealt with in the other parts of
this International Standard.

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

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.

Table 2 — Values of 3, and ¢,

Hoisting clags of appliance Bo &
¢2, min ¢2, max
HC4 0,2 1 1.3
HC, 0,4 1,05 1,6
HC3 0,6 1.1 1.9
HCy 0,8 1,15 2,2

6.1.2.2 Hoisting an unrestrained grounded load

In the case of |hoisting an unrestrained grounded load, the
dynamic effectq of transferring the load from the ground to the
lifting applianceg 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 dypamic effects covered by this clause occur when the
drive comes up tg speed before the lifting attachment engages the load
and are the resultjof the build-up of kinetic energy and the'drive torque.

The factor ¢, shall be taken as follows:
®2 = 02 min for vy < 0,2m/s
#2 = 2, min + B2 (v, — 0,2),Mor vj; > 0,2 m/s

where

vy, is the dteady ‘hoisting speed, in metres per second,
related to the(lifting attachment, derived from the steady
rotational s tRe;

6.1.2.2.Z 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 fron 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 shali’be based on a yalue 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 appl|cation of
¢ factors.

6.1.2.3 Effécts of sudden release of part of payloafl
For lifting,appliances that release or drop part of the payload as
a normal working procedure, such as when grabs of magnets
arel\used, the peak dynamic effect on the appliange can be
Simulated by multiplying the payload by the factqr ¢5 (see
figure 2).

The value of @3 is given by
Am

¢3=1——(1 +ﬁg)
m

where
Am is the released or dropped part of the paylgad;

m is the mass of the payload;

B3

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

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

Arnex-C—gives—a—general—ecemment—on—the—appication of

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

®2 min s 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 ¢, ., to cover exceptional occur-
rences, as in 6.1.2.2.2.

¢ factors.

6.1.3 Loads caused by travelling 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 ac
plying the gravitational forces due to the masses of the lifting
appliance and gross load by a factor ¢,4. International Stan-
dards for indiviflual types of appliance may specify tolerances
for rail tracks and indicate conditions within which the value of
@4 may be takeh as 1.

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

Annex D gives pn example of a model for estimating the value
of ¢4 to take apcount of the vertical accelerations induced at
the wheels of gn appliance travelling on rail tracks with non-
welded steps of gaps.

6.1.4 Loads daused by acceleration of all crane drives
including hoistt drives

Loads induced {n a lifting appliance by accelerations or deceler-
ations caused by drive forces may be calculated using rigid-
body kinetic nfodels that take into account the geometric
properties and}nass distribution of the lifting appliance drive
and, where apglicable, resulting inner frictional losses. For ¢this
purpose, the grpss load is taken to be fixed at the top of the jib
or immediately [below the crab.

A rigid-body an
allow for these,

hlysis does not directly reflect elastie effects. To
the change in drive force (AF);ihducing either

the acceleratior} or deceleration, may be/multiplied by a factor

@5 and algebrai
celeration or d
then applied to

cally added to the force present before the ac-
bceleration takes place:w This amplified force is
the components exposed to the drive force and,

Drive force

A A

Load effects on lifting appliance
caused by drive forces

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, ¢g 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-forceland a fac-
tor ¢g appropriate to that system shall be used:

Annex C gives a general comment(;enh the application of
¢ factors.

Annex E gives an example of\a determination of|the loads
caused by acceleration of @ bridge crane having urfsynchron-
ized travel gear and non-symmetrical load distributi¢n.

6.1.5 Loads induced by displacements

Account shall\be taken of loads arising from displacgments in-
cluded in the)design such as those resulting from pr¢-stressing
and those within the limits necessary to initiate rgsponse 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 aq those set

for the variation in the gauge between rails or uneyen 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 agcordance
with 1SO 4302.

Motor force

AR

Speed —--

dsAF

/

Brake force /

= Time

AF;

L 35 AFy

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.

ISO 8686-1 : 1989 (E)

necessary. In this case the dynamic test load shall be multiplied
by a factor ¢g, given by

O = 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

6.2.2 Lofads caused by skewing

This sub-glause 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
tion acting on asymmetrical mass distribution and
also cause the appliance to skew are taken into
der 6.1.4.

ads as defined above are usually taken as occasional
heir frequency of occurrence varies with the type,
on and service of the appliance. In individual cases,
ncy of occurrence will determine whether they are
casional or regular loads. Guidance for establishing
ude of skewing loads and the category into which
aced is given in the parts of this International Stan-
ing those individual appliance types.

taken as
the magn
they are
dard cove

Annex F
loads on

ives an example of a method for analysing skéwing
rigid lifting appliance structure travelling atia con-
. For appliances with structures that are'ot rigid in
applied skewing forces or that have specially con-
el guidance, appropriate models shall be used which

eptional loads

6.3.1 Ouyt-of-service wind conditions

When cofpsidering out-of<séwice wind conditions, the gravi-
tational fofce on that part.of the mass of the hoist load remain-
ing suspehded froni the appliance, nm, shall be taken into
account:

nm = |m~—"Am

Where buffers are used, the forces on the crank 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. kower valugs may be used
where they are justified by special consideratipns such as the
existence of an automatic control system off demonstrable
reliability for retarding themiotion or where there would be
limited consequences in the‘event of a buffer (mpact.

The calculation may be-based on a rigid body mpdel. The actual
behaviour of the erane and buffer system shdli be taken into
account.

Where thé lifting appliance or component is reptrained against
rotation)\for example by guide rails, the buff¢r deformations
mayibe" assumed to be equal, in which cage if the buffer
characteristics are similar, the buffer forces wil be equal. This
case is illustrated in figure 4 a) in which

Fp = Fyq = F,/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 masse$ and the buffer
characteristics. This case is illustrated in figurd 4 b).

The resulting forces as well as the horizontal |nertia forces in
balance with the buffer forces shall be multiplied by a factor ¢
to account for elastic effects which cannot be eyaluated using a
rigid body analysis. ¢, shall be taken as 1,24 in the case of
buffers with linear characteristics (for example|springs) and as
1,6 in the case of buffers with rectangular chgracteristics (for
example hydraulic constant force buffers). Fpr buffers with
other characteristics other values justified by dalculation or by
test shall be used. (See note 2 and figure 5.)

NOTES

1 In calculating buffer forces, the effects of suspenfled loads that are
unrestrained horizontally (free to swing) should npt be taken into

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 calculated in accordance with 1ISO 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

daccount.

2 Intermediate values of ¢ can be estimated as follows :
¢7 =126if0 < ¢ <05
$7 =125 +07( -05)if05 < ¢ <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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6.3.5 Loads caused by emergency cut-out

Loads caysed by emergency cut-out shall be evaluated in
accordanck with 6.1.4, taking into account the most unfavour-
able state [of drive (i.e. the most unfavourable combination of
acceleratign and loading) at the time of cut-out. The value of
the factor jpg shall be chosen from the range 1,56 < ¢5 < 2.

6.36 Lo
compon

ds caused by failure of mechanism or
ts

Where prdtection is provided by emergency brakes in addition
to service [prakes, failure and emergency brake activation shall
be assumgd to occur under the most unfavourable ‘condition.

Where mgchanisms are duplicated for safety, reasons, failure
shall be agsumed 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 ffom the transfer of forces.

6.3.7 External excitation\of the lifting appliance
foundatign

Examples
quakes or

of lifting ‘appliance foundation excitation are earth-
wave-induced movements.

Loads caysedyby such excitations shall be considered only
when the;[-consﬁmteawigrﬁﬁtan-t-risk.

For a buffer with linear characteristics: ¢ = 0,5
For a buffer with rectangular characteristics: £ = 1

Figure 5 — Factor ¢,

rclative buffer energy

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 immedigte supporting
members.

The following loads shall be taken into account:

3 000 N where materials can be deposited;
1 500 N on means provided 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 streSJes an appliance
will experience, during normal operation, as dimulated by an
elastostatic calculation. To achieve this,

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

6.4 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. They shall be combined in
accordance with 7.2.

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 1ISO 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 principles set outin 7.1.1
to 7.2 and in table 3.
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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

exceptional loads.

7.2 Load combinations during erection,

dismantling

Each stage of
considered, taki
combinations W
International St
competence cal
of significant lo

In some cases it
occurring during

7.3.3 Limit state method

The various loads shall be multiplied by the partial load coef-
ficients 7o depending on the type of load and load combi-
nations A, B or C before being applied to the model.

The partial load coefficients y, to be selected are listed in
columns 3, 4 and 5.

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

e erection and dismantling process shall be
g into account the appropriate loads and load
hich shall be as specified in the parts of this
hindard covering each type of crane. Proof of
tulations shall be carried out for each instance
ding of a member or component.

may also be necessary to take account of load
transport.

7.3 Application of table 3

7.3.1 General

The masses in

gravitational ac(
and 5, by the ap
loads shall be

Each combinati
with 7.1.

column 2, lines 1 to 3, shall be multiplied by
teleration g, and masses in column 2, lines 4
propriate accelerations. The resulting or given
ultiplied by the corresponding factors or by 1.

pbn of loads shall be applied in accordance

7.3.2 Allowal]le stress method

The allowable st
be determined b
the material, eld
the stress at yig

Yia, ViB O YsC-

Values for coef
given in table B

resses for load combinations~A, B and C shall
y dividing the appropriate.specified strength of
ment, component or ‘conhection (for example
Iding, buckling or.limit of elastic stability) by

ficients p:4, g and ysc for this method are
1 (in annex'B).

7.3.4 Elastic displacements

In some instances, elastic displacements can rendgr 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 pe part of
the proof of competence calculations and, where appropriate,
calculated displacements shall be compared with established
limits.

7.3.5 Proofs of fatigue strength

The effects of 4atigue shall be considered. Where [proofs of
fatigue strength are found to be necessary they shall pe carried
out in accordance with the principles set down ih 7.1. In
general, Joad combinations A1, A2, A3 and A4 (regylar loads)
shall'be taken into account.

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

7.3.6 High-risk applications

In special cases where the human or economic consequences
of failure are exceptionally severe (for example ladle |cranes or
cranes for nuclear applications), increased reliability shall be
obtained by the use of a risk coefficient y,, > 1 thg value of
which shall be selected according to the requirements of the
particular application.

Using the allowable stress method, the aliowable streisses shall
be divided by the coefficient. Using the limit state mdthod, the
loads shall be multiplied by y,,. See annex A.

12
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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

design stress g, should be compared with avl appropriate

The principlgs set out in this part of 1ISO 8686 for determining
the loads anld load combinations to be taken into account in

proof of co
allowable st

:Epetence calculations are applicable to both the
ss method and the limit state method of design.

This annex describes their application in general terms.

A.2 Allgwable stress method

Individual s

ecified loads, f;, are calculated and amplified

allowable value of adm a.

Admissible stresses are obtained\by dividing

the specified

strengths R of the material, such-as’the stresses gorresponding

to the yield point, limit of elastiC)stability or fatigu
a coefficient y;, specified in table 3 according to
combination (see 7.1.1),-and, where appropriate,
ficient y,, (see 7.3.5).

Special care,is\required to ensure a valid proof o

 strength, by
he basic load
Dy a risk coef-

competence

where necessary using the applicable factors ¢. They are then
combined agcording to the load combination under consider-
ation from table 3. The combined load, F} is used to deter-
mine the regulting load effects, S, , i.e. the inner forces and
moments in [members or the forces on supports.

The stresses| g4, , due to the action of the load effects on a par-

ticular elem
any stresse

t or component are calculated and combined with
gy, resulting from local effects. The resulting

when the allowable stress method is applied to cdses where in-
ternal forees are not linearly proportional to the logds producing
them orcritical values of stress result from the cdmbination of
independently varying loads which give stresse$ of opposite
signs.

A flow chart illustrating the allowable stress method of design
is shown in figure A.1.

gy
Table 3 Sk oy
——— —— F' el _ —— adm ag= 7R7
- . ok g n
fi i = F J | Sk Sk o g1 f

Ji is,the load i on the element or component

IFj is the load combination j

S—k are the load effects in section k of members or supporting parts, such as inner forces and moments
resulting-from-oad-combinationk

Gy,  are the stresses in the particular element / as result of load effects Sk

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

7y 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)

adm o are the allowable stresses

Vf 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

13
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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 F} . 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-
bined load F; (see 7.3.6) to give the design load, y,F; . Design

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

The resulting design stress ¢, should be compared with an ap-
propriate limit value, lim o.

A flow chart illustrating the limit state method of design is
shown in figure A.2.

g
Table 3 Sk oy
— — — — O *<limo= R
M hf | BE hfi=hE ToFil Sk ¥ | ou d n
I
Ji is the load / on the element or component
P} is the load combination j from loads f; , multiplied with partial,load coefficients and risk coefficient, when

applicable

Sk are the load effects in section & of members or supperting parts, such as inner forces and moments,
resulting from load combination F;

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

gy 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)

limo is the limit design stress

’p are the partial load\coefficients applied to individual loads according to the load combination under con-
sideration

Yn is the risk.coefficient, where applicable

Ym is the fesistance coefficient

NOTES

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

liability for structures.

14

Figure A.2 — Typical flow chart of the limit state method
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Annex B
(normative)

Values of coefficients y;, ym and y,

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

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

Load|
combinations

Allowable
stress method

Limit state method

Coefficient y¢

Resistance
coefficient y,

Partial load coefficient 7o

O m >

1,48
1,34
1,22

1.1
1,05
1

1,16
1.1
1,05

1,22
1,16
1.1

1,28 | 1,342 | 1,4 1,48 1,55 1,63
1,22 | 1,282 | 1,34 1,41 1,48 1,55
1,16 | 1,222 | 1,28 1,34 1,41 1,48

1.7 1.8
1,63 1,7
1,65 1,63

2) Thesq values apply to the mass of the payload.

1) The cpefficients are calculated from the formula y = 1,05Y, where 0 < v < 12.

For individual types of appliance, values of y, for each load

should be
the part o

elected from those given in table B.1 and stated in
this International Standard covering the type of

crane under consideration. Where the same load occurs_in
more than |one load combination, the values of ¥p 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

special cases where the effect of a load is to reg
values of y, < 1 may be appropriate. These wi
the other parts of this International Standard
types of appliances.

In proof of fatigue strength, instead of y coeffig

uce stress and
| be covered in
for individual

ients, strength

values shall be used that provide an appropriatg probability of
survival. Fatigue design will be covered in a futufe International

Standard.

15
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Annex C

(informative)

General comment on the application of ¢ factors

C.1 Dynamic effects In cases where the load effect and dynamic response are not
covered by these factors, elasto-kinetic analyses or ex-

In general, the[dynamic responses indu . from ex-
(see clause 6) @ire taken into account by the use of dynamic perience that these effects are sufficiently smallte e ignored.
factors ¢, by which gravitational forces due to the masses and
inertia forces dle to rigid body movements are multiplied (see
figure C.1).
E = static
xial forces
Additional bending
due to vibration
a) Hxample of the load“effects covered by b) Example of the load effects not covergd
dynamje.factors ¢ 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 ¢, for a lifting appliance

travelling on rails

(see 6.1.3.2)

D.1 Ge]ueral v

— -
The dynam|c loads caused by travelling or traversing on rails _
with steps [or gaps may be estimated by using appropriate m -
elasto-kinet|c models. Unevenness functions may be used to ()
represent the steps or gaps in the rails. c z
D.2 Elagto-kinetic model .
In this exanjple, the dynamic loads on the appliance caused by hit)

excitation of the system are estimated using a simple model.

A single mgss m, in kilograms, moving horizontally at constant

speed v, in
spring with
guided by 3

metres per second, is supported by a linear elastic
a spring constant ¢, in newtons per metre, and is
rail (see figure D.1).

With the upevenness function A(¢), in metres, and the coor-

dinate z(¢),

in metres, describing the position of the spring-

supported mass, the dynamic force in the spring follows the.ex-

pression F{

) = clhlt) — z(#)], in newtons.

The maximyim force Fj,,, is given by the maximumivalue of the

expression
during or a

F(¢) during the period of response..This may occur
ter the period of excitation.

Figure D.1 — Model for determining dynan

D.2.1 Movement of the wheel centre
passing over a step or gap

The movement of the wheel centre when passing
gap and the corresponding formulae are shown

hic factor ¢,

when

over a step or
in figure D.2.

e \\
v 7T~
<y N \\
7 v
/
| ' ]
\ \ ! A | ’/
\ /.
\ \\ // 7
ANy ~ o -
~
— —
(7]
ég <
- eé
eg = \/Zrhs (hg < 1) hg = 8_ leg = r)
r

a) Passing over a step

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 unevenness 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.

| ety bnir
//// [7,]

/// = f

ﬁ ? ~— P T
e o <
fs: TS-
- - o oo
v
— -

hg

h(t) = — (1 — cos 21)
2

where Q tg = 1

a) Passing over a step

D.2.3 Maximum vertical accelerations

D.2.3.1 Lowgr end of spring

The maximum)| vertical acceleration of the lower end of the

o

spring, h, whep passing over a step or a gap.at constant speed
v, is given by

=

W= 592:"_(592
2

2
_ ()1
2/ | r

where hg, hg, |22,V and r are as shown in figures D.2 and D.3.

Figure D.3 — Unevenness,functions #(¢)

hg

h(tf="— (1 — cos Q1)
2

where Q 1 = 2n

b) Passing over a gap

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

D.2.3.3 Mass passing a gap

The maximum vertical acceleration Z for a mass n{ passing a
gap is given by

7 = h&glag)
where
weg
Qn = —
G 2nv

D.2.3.2 Mass passing a step

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

o

7 = h&glag)

18

D.2.4 Factors {gand &g

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 ¢g and ¢g and period (2) is the response time
thereafter.

For both excitations (step or gap) the maximum values of £g or
¢ for ¢ = <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 formulae for ¢g, ag and {g, ag, the factors
¢4 may be calculated as follows :
2
o .
&g = ] 5 V2 + 2 cos(nag) for a step:
— % n\2 v2
=14+ =) — &lag)
or P4 2) o ¢slas
2 fora gap:
¢ = V2 — 2 cos(2nag)
— o2 2,2
17 % ¢4=1+(—”— 2 felag)
\2/ egr
D.2.5 Dynamic factor, ¢4
D.2.6 Comments
is definefl as foll : ). . .
94 1s defined as follows The use of this simple elastoskinetic model is rgstricted to ap-
mb+ ms pliances whose actual dynramic behaviour corregponds to that
04 = —F 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
a mode contributes @, 'significant response and/¢r rotation oc-
=1l Z¢ curs, the designer should estimate the dynamic Joads using an
g appropriate_model for the circumstances.
ST
i h
251 hit) cos (2] (1) cos (2)
par(2)
4 A — _par _ -1
2 s N>, o £
4
_&c
fs = -+
3 4
13 (1,1) (12) _[(2)
¢s
1 2 4 cos (1)
N\ par(1,1)
par{1,2)
0'5 1 1 <4
0 T 7 t * ' £ ¥ + + } }
0,2 0.4 0,6 08 1 1,2 0,2 0,4 0,6 0.8 1 1,2
oy ——— - ag ———=
a) For a step b) For a gap

Figure D.4 — Curves of unevenness function
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(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
simplified mdependent drive. A traversnng loaded trolley is sup-

1\

The example consndered is that of a r|g|d lifting appllance (i.e.
an overhead t

\/; / /m/a/, /]
//“ //// / pa
A AN v L CG
y X 2 ™7 2 >
, i L b
Rail 2 E::l I
= —%—sgn(ir) wmg-?— 1?sgn(,\?) wmgTa-
] C
|
<
=l @
{M,W v
- : M _ Ixx
< tIM g L gy Bk
. 7
ma+m3
d o 7%,
= . - %%
| C
EN | n
Rail 1 e l
y %sgn(k) wmgli 2 1?sgn()'()wmgTb-
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.

ISO 8686-1 : 1989 (E)

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

E.2 Symbols h . S
| (losses) at the wheels, wind load and, in the case of an inclined
The symbols used in this annex are given in table E.1. track, gravitational forces.
The torques M = My, or M = Mg may be dgfined by the
. motor or brake characteristics and these are(illustrated by th
Table E.1 — Symbols used in annex E . L i y the
two examples given in figures E.2 and E3.
Symbol Description
Geometric parameters (in metres)
/ Epan of the appliance W
y Distance of centre of mass of loaded trolley from rail 1 “
a Distance of centre of gravity (CG) from rail 1 N 1/}(0)
b Distance of centre of gravity (CG) from rail 2
c Wheel base )
My =M (1= —1)
r Radius of gear wheel 1 M=lNM Yio
ry Radius of gear wheel 2 \
r Radius of crane travel wheels —
0)
M(M N\ MM
Masses (in kilograms)
m Mass of crane bridge with travel drives My, is the steady-state output torque of the motor af a motor speed
my Mass of crab of v
m3 Gross load ME\(I)I) is the motor starting torque (y = 0)
m Mass of the loaded lifting appliance (0 s the synchronous rotational speed of the motgr (My; = 0)
(m = mqy + my + mg)
Mass moments of inertia (in kiloggrams metre . . ..
squared) Figure E.2 — Resistor-controlled slip-ring motor —
) Simplified presentation of motor charagteristics
01 [Mass moment of inertia of niotar; coupling, brake drum
and gear wheel 1
) Mass moment of inertiaof gear wheel 2 and crane travel
wheels (neglected.in this example)
nternal friction losses u—[‘
n Ratio of output power of gearing to input power
of«gearing
Speeds and acceterations (i radians or metres
per second or second squared)
W, W Rotational speed and acceleration, respectively, I . |
of motor, coupling, brake drum and gear wheel 1 + MB . -
- . . = , —Mg=-sgn( V)| Mg|
X, X Travel speed and acceleration, respectively, of the _ |M I
lifting appliance B
To i t t . R . .
rques (in newton metres) Myp is the brake torque whose direction is opposite to that of . For
M Drive torque acting on the first shaft of the crane simplification purposes its magnitude, | Mg]|, is taken as constant.
travel gear Mathematically it is expressed as Mg = —sgn () | Mg
M Torque due to the stationary characteristics of
the motor
Mg Torque of the mechanical brake Figure E.3 — Mechanical brake — Formal presentation
of brake torque
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