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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Scope

part of ISO 8686 establishes general methods for the calculating loads and principles
e selection of load combinations for proofs of competence in accordance,with ISO 20
ctural and mechanical components of cranes as defined in ISO 4306-1.

based on rigid body kinetic analysis and elastostatic analysis but expressly permits the
nced methods (calculations or tests) to evaluate the effects of,leads and load combiy
ralues of dynamic load factors, where it can be demonstrated that these provide at leas
s of competence.

part of ISO 8686 provides for two distinct kinds of application:

the general form, content and ranges of parameter values for more specificstandardstob
for specific types of cranes;

h framework for agreement on loads and load: combinations between a designer or m
hnd a crane purchaser for those types of cranes where specific standards do not exist.

Normative references

following documents, in whole.or in part, are normatively referenced in this docum
pensable for its applicatign: For dated references, only the edition cited applies. H
ences, the latest edition-of-the referenced document (including any amendments) appli

4302, Cranes — Wind\oad assessment

1306 (all parts);-Lifting appliances — Vocabulary
1310, Cranes,— Test code and procedures

p0332,"Cranes — Proof of competence of steel structures

3

to be used
332 for the

use of more
)ations, and
L equivalent

e developed

hnufacturer

ent and are
or undated
bS.

T ot o o d Jd o2 28 0 o
ICIT 11O dilIu UTCIIIIITiIvIIo

For the purposes of this document, the definitions given in ISO 4306 and the following apply.

3.1

load or loads
external or internal actions in the form of forces, displacements or temperature, which cause stresses in
the structural or mechanical components of the crane

3.2

analysis
<rigid bodies> study of the movement and the inner forces of systems modelled by elements that are

assu

med to be non-elastic
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3.3

analysis

<elastic bodies> 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.

Table 1 — Main symbols

Symbol Description Referencet
¢ Factors for dynamic effects Various
b1 Factors for hoisting and gravity effects acting on the mass of the crane 6.1.1
b2 Factor for hoisting a grounded load 6.1.2.1
b3 Factor for dynamic effects of sudden release of part of load 6.1.2.2
ba Factor for dynamic effects of travelling on an uneven surface 6.1.3.2
b5 Factor for dynamic loads arising from acceleration of crane drives 6.1.4
b6 Factor for effects of dynamic load tests 6.3.2
b7 Factor for elastic effects arising from collision with buffets 6.3.3
¢o Factor for dynamic effects from unintentional loss 6fpayload 6.3.5
HC1to H4 |Hoisting classes assigned to cranes 6.1.2.2t06.1.2.1.4
B2 Factor assigned to hoisting class 6121%,1611’[2 15
B3 Term used in determining the value of¢3 6.1.2.2
Vh Steady hoisting speed, in metres per second (%1512(;12';
Fy, Fx2, Fi4 Buffer forces 6.3.3, Anney D
143 Coefficients for calculdting allowable stresses 73.2, 32133’ A2
7.3.3, Table 3,
Yp Partial safety factor 7.3.7.2,7.3.8,A.2
toA.3
Ym Resistance coefficient Table 3, Anndx A
Yn Coefficient for high-risk applications 7.3.6, Anney A
m Mass of pay load 6.1.2.2
my Mass of the gross load 6'61'?2'11&’“61]'613' 2]')3'
nm = my - Amy |Mass of that part of the hoist load remaining suspended from the crane 6.3.1
NOTE Further symbols are used in the annexes and are defined therein.

5 General

5.1 General principles

The objective of proof of competence calculations carried out in accordance with this part of ISO 8686
is to determine mathematically that a crane will be competent to perform in practice when operated in
compliance with the manufacturer’s instructions.

2 © IS0 2012 - All rights reserved
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The basis for such proof against failure (e.g. by yielding, elastic instability or fatigue) is the comparison
between calculated stresses induced by loads and the corresponding calculated strengths of the
constituent structural and mechanical components of the crane.

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

The effects of differences between actual and ideal geometry of mechanical and structural systems (e.g.

the ¢ffectof tolerances, Settiements, etc.) shait be taken Into account. However, they shail pe included
spedifically in proof of competence calculations only where, in conjunction with applied loads, they may
cause stresses that exceed specified limits.

Whedn applying this part of ISO 8686 to the different types of cranes, operating in the same|service and
environmental conditions, equivalent resistance to failure should be sought.

5.2 | Methods of proof of competence calculations

Thete are two general approaches to structural design or proof of competence.

a) [The allowable stress method: where the design stresses induced by combined loads arje compared

with allowable stresses established for the type of member or condition being exajmined. The
hssignment of allowable stress is made on the basis of'service experience with consigleration for
protection against failure due, for example, to yielding; elastic instability or fatigue.

[The limit state method: where partial safety factors are used to amplify loads befd
rombined and compared with the limit states:imposed, for example, by yielding or elasti
Che partial safety factor for each load is established on the basis of probability and th
hccuracy with which the load can be determined. Limit state values comprise the ch|
strength of the member reduced telreflect statistical variations in its strength ang
parameters. This method is a prereguisite if this part of ISO 8686 is applied together wit
hnd/or the 2nd order method.

re they are
" instability.
e degree of
aracteristic
| geometric
h SO 20332

Anngx A gives a more detailed-description of the application of the two methods.
5.3 | Assessment of loads
. Under the

To chlculate stresses-from applied loads, an appropriate model of the crane shall be used

proy
stati
with
Alte

isions of thispart of ISO 8686, loads which cause time variantload effects are assessed a
c loads from- experience, experiments or by calculation. A rigid body kinetic analysis
dynamic_factors to estimate the forces necessary to simulate the response of the ela
natively, either elasto-kinetic analysis or field measurements can be carried out, but t

5 equivalent
an be used
stic system.

reflect the

opertfatifng regime, a realistic model of the actions of the crane operator may be required.

Forboththeallowablestressandlimitstate methods,andfor considerations ol stability and displacements,
loads, load combinations and load factors should be assigned either on the basis of experience, 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 a crane 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 crane instructions,
b) features not present in the design, or
c) conditions prevented or suppressed by the design of the crane.

© IS0 2012 - All rights reserved
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If a probabilistic proof of competence calculation is used, the relevant conditions, particularly the
acceptable probability of failure, shall be stated.

5.4 Categories of loads

Clause 6 gives loads and ranges of values for the factors used in proof of competence calculations when
determining load effects.

NOTE Individual values for specific types of cranes, selected from these ranges, are to be found in the parts
of ISO 8686 applicable to specific crane types (see Foreword).

The loads aftinig on a [ifting crane are divided INto the categories of reguiar, occasionat, exceptional and
miscellanequs. Individual loads are considered only when and if they are relevant to the crane upder
consideratipn or to its usage, as follows.

a) Regular loads, occurring during normal operation, shall be considered in proof-of competence
calculations against failure by yielding, elastic instability and, when applicablé}-against fatjgue.
They r¢sult from gravity and from acceleration or deceleration produced by-drives and brpkes
acting ¢n the masses of the crane and the hoist load, as well as from displacements.

b) Occasipnal loads and effects which occur infrequently may usually“be neglected in fatigue
evaluatfions. They include loads induced by in-service wind, snow and iée) temperature and skewing.

c) Exceptjonal loads and their effects are also infrequent and mayJikewise usually be excluded from
fatigue|consideration. They include loads caused by testing, eut-of service wind, buffer forceg and
tilting, ps well as from emergency cut-out, failure of drive components and external excitation of the
crane fpundation.

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

The categoty in which a load is placed is not necessarily an indication of the importance or criticplity
of that load: erection and dismantling loads, although in the last category, shall be given partiqular
attention, ap a substantial portion of accidentsoccur during those phases of operation.

6 Loads|land applicable factars

6.1 Regular loads

6.1.1 Hoikting and gravity effects acting on the mass of the crane

The mass of the cran€includes those components which are always in place during operation, except for
the payloadjitself (see’'6.1.2). For some cranes or applications, it may be necessary to add mass to accpunt
for encrustjtion of materials, such as coal or similar dust, which build up on the crane or its parts.

The gravitatic
factor, ¢p1, where

by a

¢, =1%£a,0<a<0,11 @

In this way the vibrational excitement of the crane structure, when lifting the pay 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.

Factor ¢1 shall be used in the design of the crane structure 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 B gives a general comment on the application of ¢ factors.

4 © IS0 2012 - All rights reserved
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6.1.2 Inertial and gravity effects acting vertically on the gross load
6.1.2.1 Hoisting an unrestrained grounded load

6.1.2.1.1 General

When hoisting an unrestrained grounded load, the crane is subject to dynamic effects of transferring the
load from the ground onto the crane. These dynamic effects shall be taken into account by multiplying
the gravitational force due to the mass of the gross load, my, by a factor, ¢, see Figure 1.

The mass of the gross. load includes the masses of the pay]nad’ ]iﬂ'ing attachments and a pgrtion of the

suspended hoist ropes.
\ JaNs
\V

F

pomy g T

Figure 1 — Dynamic effects when hoisting grounded load

Factpr ¢ is calculated as follows:

® =03 i + By vy (2)
whefe
3, is the factor dependent upon the hoisting class of the crane in accordance with Table 2a;
Vh is the charactefistic hoisting speed in m/s of the drive system selected in accordance
with Table 2b;

h2 min 1S the niimum value of ¢ in accordance with Table 2c.

6.1.2.1.2 Hoisting classes

For fheputposes of specific type, cranes are assigned to hoisting classes HC1 to HC4 in accofdance with
the glastic properties of the crane and its support. The hoisting classes are given in Table 2a pnd shall be
selected on the basis of the characteristic vertical load displacement, 9.

Table 2a — Hoisting classes

Hoisting class Characteristic verticaal load displacement s,[/irzn
HC1 08ms<é 0,17
HC2 0,3m<6<0,8m 0,34
HC3 0,15m<6<0,3m 0,51
HC4 6<0,15m 0,68

© IS0 2012 - All rights reserved 5
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The load displacement, 6, shall be calculated statically from the elasticity of the crane and its supporting
structure and the rope system using the appropriate maximum gross load value withoutamplifying factors.

As the load displacement varies for differing crane configurations, the maximum value of § may be used
for the selection of the hoisting class.

6.1.2.1.3 Hoist drive classes

For the purposes of ISO 8686, hoist drives are assigned to classes HD1 to HD5, depending on the control
characteristics as the weight of the load is transferred from the ground onto the crane. The hoist drive
classes are as follows:

HD1: cred

HD2: hois

HD3: hois

HD4: step)

HD5: step

¢2,Ir

See Annex |
for each cla

The charact

p speed not available or the start of the drive without creep speed is possible;

t drive can only start at creep speed of at least pre-set duration;

t drive control maintains creep speed until the load is lifted off the ground;

less hoist drive control, which performs with continuously increasing-speed;

less hoist drive control automatically ensures that the dynamic factor ¢, does not exce

in-

F for further information and examples of typical hoist controls and their characteri
5S.

eristic hoisting speed, vy, to be used in load combinations A1, B1 and C1, is given in Tabl

Table 2b — Characteristic hoisting speeds vy, for calculation of ¢;

stics

e 2b.

(see Cla

Load compination

Hoist drive class

use 7)

HD1

HD2

HD3

HD4

HD5

Al,

B1

Vh,max

Vh,CS

Vh,CS

0.5Vh,max

vh=0

C1

Vh,max

Vh,max

0,5Vh,max

Vh,max

0,5Vh,ma

Vh,max 1S the

Vh,max 1S the]
speed in load

vh,cs isthes

maximum steady hoisting speed of the main hoist for load combinations A1 and B1;

maximum hoisting speed resulting from all drives (e.g. luffing and hoisting motion) contributing to the
combination C1;

feady hoisting creep-speed.

hoist

Load comblil?

than thati

6.1.2.1.4

ation Cl.is’used to reflect exceptional situations when the lift is started at a speed hi
ended forload combinations A1 and B1.

Minimum values for factor ¢;

gher

The minimum value of ¢ depends upon classes HC and HD and is given in Table 2c.

Table 2¢ — Values of ¢2 min

Hoist drive class
HD3
1,05
1,05
1,05
1,05

Hoisting class
HD1

1,05
1,1
1,15
1,2

HD2
1,05
1,1
1,15
1,2

HD4
1,05
1,1
1,15
1,2

HD5
1,05
1,05
1,05
1,05

HC1
HC2
HC3
HC4

© ISO 2012 - All rights res
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6.1.2.1.5 Alternative methods

Alternatively, the value of ¢ may be determined through experiments or dynamic analysis. When
applying alternative methods, the true characteristics of the drive system and the elastic properties of
the overall load supporting system shall be simulated. Based upon these results, cranes may be assigned
to a hoisting class with equivalent ¢2 min and 2.

6.1.2.2 Effects of sudden release of part of payload

For cranes 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 crane can be simulated by multiplying the payload
by the factor ¢3 (see Figure 2).

fa
AN,

yan
F
> \!,/ 2
.. < ¢
ke, n 1
29
y D myg P
P B8
m< m-Am 5 / 0
Am U 0, \] Amim
= @\\ N
S 7N\
Em -1 :
S
Figure 2 — Factor ¢3
The alue of ¢3 is given by
Am
¢3=1-—/(1+f3) (3)
m
whefe
\m is the released or dropped part of the payload;
m is themass of the payload;
33 = 0,5-4or cranes equipped with grabs or similar slow release devices,
B3 £150 for cranes equipped with magnets or similar rapid-release devices.

Annex B gives a general comment on the application of the ¢ factors.
6.1.3 Loads caused by travelling on an uneven surface

6.1.3.1 Cranes travelling on or off roadways

The effects of travelling, with or without load, on or off roadways, depend on the crane configuration
(mass distribution), the elasticity of the crane and/or its suspension, the travel speed and on the
nature and condition of the travel surface. The dynamic effects shall be estimated from experience or
experiment, or by calculation using an appropriate model for the crane and the travel surface.

© IS0 2012 - All rights reserved 7
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6.1.3.2 Cranes travelling on rails

The effects of travelling with or withoutload onrail tracks having geometric or elastic characteristics that
induce accelerations at the wheels of the cranes depend on the crane configuration (mass distribution,
elasticity of the crane and/or its suspension), travel speed and wheel diameter. They shall be estimated
from experience or experiment, or by calculation using an appropriate model for the crane and the track.

The induced accelerations may be taken into account by multiplying the gravitational forces due to the
masses of the crane and gross load by a factor, ¢p4. International Standards for specific types of cranes may
specify tolerances for rail tracks and indicate conditions within which the value of ¢4 may be taken as 1.

Annex C giyes an example of a model for estimating the value of ¢4 to take into account the, verjtical
accelerations induced at the wheels of a crane 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 indu
using rigid |
the crane d

is taken to e fixed at the top of the jib or immediately below the crab.

A rigid bod
drive force
and algebrg
amplified fg

the crane and the gross load as well (see Figure 3).

ced in a crane by accelerations or decelerations caused by drive forees’may be calculated
pody kinetic models that take into account the geometric propertiesand mass distributipn of
ive and, where applicable, resulting inner frictional losses. For this purpose, the gross|load

y analysis does not directly reflect elastic effects. To allew for these, the change in] the
AF, inducing either the acceleration or deceleration,nmay be multiplied by a factor, ¢s,
ically added to the force present before the acceletation or deceleration takes place. [This
rce is then applied to the components exposed tothe drive force and, where applicable, to

—

Y1

X1

Key
1 motor fd

ree

Y2

AF;

¢dsAF,

AF,

dsAF,

X2

2 brake force

X1 speed
X2 time

Y1 drive force

Y2 load effects on lifting appliances caused by drive force

Figure 3 — Factor ¢5

The range of values for ¢5 is 1 < ¢p5 < 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

© ISO 2012 - All rights reserved
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correspond to systems in which forces change smoothly and higher values to those in which sudden
changes occur.

For centrifugal forces, ¢ps 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 factor ¢5 appropriate to that system shall be used.

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

Annex D gives an example of a determination of the loads caused by acceleration of a bridge crane having
unsynchronized travel gear and non-symmetrical load distribution

6.1.5 Loads induced by displacements

Accqunt shall be taken of loads arising from displacements included in the design, such as thojse resulting
fron} pre-stressing and those within the limits necessary to initiate response‘of skewing and other
compensating control systems.

Othgr loads to be considered include those that can arise from displagements that are within defined
limits, such as those set for the variation in the gauge between rails er'uneven settlement 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 calculatedin accordance with ISO 4302.

6.2.1.2 Snow and ice loads

Whare relevant, snow and ice loads §hall be taken into account. The increased wind exposyre surfaces
due fo encrustation shall be considered.

6.2.1.3 Loads due to temperature variation

Loads caused by the réstraint of expansion or contraction of a component due to local temperature
varigtion shall be takeninto account.

6.2.2 Loads caused by skewing

This| subclause covers skewing loads that occur at the guidance means (such as guide rolldrs or wheel
flanges) of a guided, wheel-mounted crane while it is travelling or traversing in steady-stfate motion.
Thege-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 that can also cause the crane 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, accuracies of wheel axle parallelism and service of the crane. In
individual cases, the frequency of occurrence will determine whether they are taken as occasional or
regular loads.

NOTE Guidance for establishing the magnitude of skewing loads and the category into which they are placed
for a specific crane type is given in those parts of ISO 8686 covering specific types of cranes.

Annex E gives an example of a method for analysing skewing loads on a rigid crane structure travelling
at a constant speed. For cranes with structures that are not rigid in respect of applied skewing forces or

© IS0 2012 - All rights reserved 9
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that have specially controlled 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 gravitational force on that part of the mass of the
hoist load remaining suspended from the crane, nm, shall be taken into account:

nm = my=-"Amy (4)

where
my - Ay is that part of the gross load remaining suspended from the crane;

my is the mass of the gross load.

Wind loads|shall be calculated in accordance with ISO 4302.

6.3.2 Testloads
The values pf test loads shall be in accordance with ISO 4310.

Where valugs for dynamic or static testloads are required that@re above the minimum given in ISO 4310,
proof of cornpetence calculations for these test conditions may be necessary. In this case, the dynamic
test load shpll be multiplied by a factor, ¢¢, given by

0s =0,3(1+0,) (5)

where ¢ is|calculated according to 6.1.2.
Annex B gives a general comment on the‘application of the ¢ factors.

In the proof calculation for test load situations, a minimum level of wind of V' =5,42m/s shall be taken
into account.

6.3.3 Buffer forces

Where bufﬁtrs are used; the forces on the crane structure arising from collision with them shall be
calculated firom thekinetic energy of all relevant parts of the crane moving in general at 0,7 to 1 tjmes
the nomina] speéd."Lower values may be used where they are justified by special considerations such
as the existpnce of an automatic control system of demonstrable reliability for retarding the motign or
where there imi eS| j

AIO d_he an od onseagaluen a he event ora b e mna

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

Where the crane 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

F,=F,= FX/Z (6)

Where the crane 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).

10 © IS0 2012 - All rights reserved
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Figure 4 — Examples of buffer forces and buffer deformation (four-wheel bridge crahe shown)

The [resulting forces as wellas-the horizontal inertia forces in balance with the buffer for
mulfiplied by a factor, ¢7to account for elastic effects which cannot be evaluated using 4§

ces shall be
rigid body

anallsis. Factor ¢7 shalllbe taken as 1,25 in the case of buffers with linear characteristics (fior example,

springs) and as 1,6 Gnthe case of buffers with rectangular characteristics (for exampl
congtant force buffers). For buffers with other characteristics, other values justified by calcu
testing shall betuSed (see the following Note and Figure 5).

NOTE Intermediate values of ¢p7 can be estimated as

e, hydraulic
lation or by

¢ =125if0<E<0,5

¢,=1,25+0,7(£-0,5)if 0,5<£ <1

In calculating buffer forces, the effects of suspended loads that are unrestrained horizontally (free to

swing) should not be taken into account.

© IS0 2012 - All rights reserved
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7
1,6
1,25 i -

) Fx u
1 T f

Fx Fx du
1A 4] o
0 u
0 0,5 1 £ u—=
Figure 5 — Factor ¢7
i
1
&=z [P (7)

& s the relative buffer energy:
forfa buffer with linear characteristics: £=0,5;

for|a buffer with rectangular characteristics: £ = 1.

6.3.4 Tilting forces

If a crane with horizontally restrained load can tilt wheut, its load or its lifting attachment collides with
an obstacle] the resulting static forces shall be determined.

If a tilted crpne can fall back into its normal position in an uncontrolled manner, the resulting impa¢t on
the supportling structure shall be taken intg-agcount.

6.3.5 Uniptentional loss of payload

The effects|of unintentional loss of the payload shall be taken into account, especially subsequent rigid
body stabilijty issues and strengthissues such as the jib or whole crane structure springing back, the jib
whipping backwards and colliding with the crane structure, the jib falling back into normal positign or
the reversal of loads in corfiponents designed as unidirectional (hydraulic cylinders, tension ties, efc.).

In cases where dynamig¢-analysis is not performed, the effect of unintentional loss of the payload m3ay be
calculated By applying the dynamic factor, ¢g9 = -0,3.

6.3.6 Loalds 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 unfavourable state of drive (i.e. the most unfavourable combination of acceleration and loading) at
the time of the cut-out. The value of the factor ¢5 hall be chosen from the range 1,5 < ¢5 < 2.

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

12 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=f65c2d38f3eecd3f130676a3cb86253d

ISO 8686-

6.3.8 External excitation of the crane support

1:2012(E)

Examples of crane support excitation are earthquakes (seismic loads) or wave-induced movements.

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

Seismic loads need to be calculated according to the appropriate methodsl[2].

6.4

6.4.

Miscellaneous loads

1 Loads due to erection, dismantling and transport

The
thos
of crf

In sq

6.4.7

The
supj

The

7.1

Load
simy

b)

oadsactingateach stage of the erection and dismantling process shall be taken into actou
e arising from a wind speed of 8,3 m/s or greater. Higher values may be specified fanthe sy
anes covered by the other parts of ISO 8686. They shall be combined in accordance with

me cases it may also be necessary to take account of loads occurring durihg transport.

. Loads on platforms and other means provided for access

loads are considered to be local, acting only on the facilities themselves and on theif
orting members.

following loads shall be taken into account:
B 000 N, where materials can be deposited;
1 500 N, on means provided for access only;

hot less than 300 N, horizontally on railings,depending on location and use.

Principles of choice of load combinations

Basic considerations

s shall be combined to determine the stresses a crane will experience during normal ¢
lated by an elastostatic calculation. To achieve this,

fo act in maguitude, position and direction causing unfavourable stresses at the cri
celected for evaluation at the basis of engineering considerations, and

conservatively, loads can be combined at the values defined in this part of ISO 86§

conditions actually found in practice.

ht, including
ecifictypes
7.2.

immediate

peration as

the crane is taken inrits most unfavourable attitude and configuration while the loads a;I:e assumed

ical points

6 or, when

hpprapriate, they can be combined with some loads factored to more closely reflect loading

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 combinations C cover
regular loads combined with occasional and exceptional loads.

The load combinations appropriate to specific types of cranes shall be in accordance with the principles
set out in Table 3 and 7.2.

© IS0 2012 - All rights reserved
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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 those parts of ISO 8686 covering
specific types of cranes. Proof of competence calculations shall be carried out for each instance of
significant loading of a member or component.

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 given in column 2, lines 1 to 3, shall be multiplied by gravitational acceleration, g, and the
masges in column 2, lines 4 and 5, by the appropriate accelerations. The resultingor given loads shall be
multjiplied by the corresponding factors in accordance with 7.3.7.

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

7.3.2 Allowable stress method

The pllowable stresses for load combinations A, B and C shall be.determined by dividing the appropriate
spedified strength of the material, element, component or connection (for example, the stresq at yielding,
buckling or limit of elastic stability) by strength coefficients, yt, as given in Table 3.

7.3.3 Limit state method

The parious loads shall be multiplied by the partial safety factors, yp, depending on the typg of load and
load[combinations A, B or C before being applied to the model.

The partial safety factors yp to be selected are listed in columns 3, 4 and 5 of Table 3.

7.3.4 Elastic displacements

In sqme instances, elastic displacements can render a crane unfit to perform its intended duties, affect
stabjlity or may interfere with'the proper functioning of mechanisms. In such instances, congideration of
displacements shall be part of the proof of competence calculations and, where appropriatd, calculated
displacements shall be;compared with established limits.

7.3.5 Proofseffatigue strength

The pffectswoffatigue shall be considered. Where proofs of fatigue strength are found to be nedessary they
shal] be«arried out in accordance with the principles set down in 7.1. In general, load combjnations A1,
A2, A3-and A4 (regular loads) shall be taken into account.

In some applications it may be necessary to consider also occasional loads such as in-service wind, skewing
and exceptional loads such as test loads and excitation of the crane support (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, the value of which shall be selected according to the requirements of the
particular application.

Using the allowable stress method, the allowable stresses shall be divided by the coefficient. Using the
limit state method, the loads shall be multiplied by y, (see Annex A).

© IS0 2012 - All rights reserved 17
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7.3.7 Masses of crane and crane parts

7.3.7.1 Favourable and unfavourable masses

When calculating the loads from gravitation for a given load combination and crane configuration, the
masses of the different parts of the crane either increase (unfavourable) or decrease (favourable) the
resulting load effect in the critical point under consideration.

The same mass may be favourable in some configurations and unfavourable in others, or favourable for
one resulting load effect und unfavourable for another. Figure 6 illustrates this for a tower crane: With
respect to the bending moment, L, in the tower the mass of the counter weight acts as favourable when

a hoist load|is applied and unfavourable without hoist load. With respect to the compression force,ip the
tower, the mass of the counter weight acts as unfavourable in both cases.

-

\

me [

a) Mass of counterweight favourable

L

I
V44

Key

L benpding moment in tower
mg favpurable acting mass
Munf unfavourable acting mass

Mt D/

b) .Mass of counterweight unfavourable

\

L

v 9l I
W

Figure 6 — Illustration of favourable and unfavourable masses

7.3.7.2 Pgrtial safety factors-for the masses of the crane (limit state method)

5

The partial safety factoxs,p, shall be chosen from Table 4, depending on the method of determining the
masses of the crane parts and the type of load effect.

A partofa

raney(for example, total length of girder of an unloader, slewing upper structure of a t

wer

crane) havipg.beth favourable and unfavourable masses may be assigned only one partial safety fgctor

in each load cembination, related to the centre of gravity of that part.
Table 4 — Values of partial safety factors y,
Method of deter- Load combinations according to Table 3

mining masses

A B C
of crane parts
and their c?ntres Unfavourable |Favourable | Unfavourable | Favourable | Unfavourable | Favourable
of gravity
By calculation 1,22 0,95 1,16 0,97 1,10 1,00
By weighing 1,16 1,00 1,10 1,00 1,05 1,00
Special condition 1,16 1,10 1,10 1,05 1,05 1,00

18
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The factors for the special condition may be applied under the following two conditions:
a) masses of crane parts and their centres of gravity are determined by weighing;

b) theratio of the sum load effect due to favourable masses of crane parts and the sum effect of unfavourable
masses of crane parts plus gross load shall be less than 0,6 — see Formula (10).

Unfactored static values of loads and masses shall be used.

L
—t <06 (10)
Lunf + Lh
whele
[ is the static load effect of favourable masses of crane parts;

Lunf  is the static load effect of unfavourable masses of crane parts;
L h is the static load effect of the gross load.

NOTE In general, partial safety factors for favourable masses should-ot be greater than 1. An| exception is
provjded in the special condition where the calculated resulting load<ffect would be excessive. Si;Lce the value

of the partial safety factor for the unfavourable masses should notdbe reduced, the partial safety flactor for the
favoyirable masses has been allowed an artificial increase above 1,0;

7.3.7.3 Safety factors for the masses of the crane (allowable stress method)

The |coefficients, y, of the allowable stress method do not take into account negative deviations of
favojrable masses. In order to take those effectsi{e.g. mass is smaller than assumed) into adcount when
calctilating the resulting load effect, favourable‘masses shall be multiplied be a reduction factor, yreg:

Yred = 0,85 in load combinations A;
Yred = 0,90 in load combinations B;

Yred = 0,95 in load combinations C.

7.3.8 Partial safetyfactors to be applied to loads caused by displacements

For those part§yef a crane where intended displacements are induced to affect resulting load effects,
upp¢r and lower values of partial safety factors as given in Table 5 shall be taken into accoupnt to reflect
deviptions.of the displacements due to the inaccuracies of the prestressing process and its garameters.

In cgse9where intended displacements are applied locally to create compression forces in ¢onnections
to avoid gaping or to cause friction forces, such as the prestressing of high tensile bolts, the same upper
and lower limits of the partial safety factor shall be applied.

Table 5 — Values of partial safety factor y, to be applied to loads due to intended displacements

Values of partial safety Load combinations according to Table 3
factor yp A B C
upper value 1,10 1,05 1,00
lower value 0,90 0,95 1,00

© IS0 2012 - All rights reserved 19
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Any unintended, but reasonably foreseeable elastic or rigid body displacement acting in any direction,
which affect significantly the resulting load effects in a crane shall be considered as load and shall be

amplified with the partial safety factors given in Table 6.

In general, the direction of an unintended displacement can vary and therefore all directions should

be considered.

Table 6 — Values of partial safety factor y,, to be applied to loads due to unintended

displacements

Load combinations according to Table 3

A B

Vp 1,10 1,05

1,00

7.4 Partial safety factors for the proof of rigid body stability

The partialjsafety factors used to prove that a crane is stable as a rigid body are given in Table 7 fof the

relevant lodd combinations A1, A2, B1, C2, C3, C4, C6,C7,C9, C10 and C11.

In all these Joad combinations, dynamic factors ¢;, except for ¢3 and ¢, shalkbe set to ¢; = 1,0; while ¢3

shall be shjll be set to —0,1, when the calculated value of ¢p3 > -0,1.

In cases w

ere the overturning moment is governed by the crane mdsses, higher partial safety faqtors
are recomnjended to be applied in order to achieve an overall safety factor of 1,2.
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Application of allowable stress method and limit state method of

design

A1l

Mos
of cq
alloy
lined
stre

NOTE

A2

Indiy
They
com

General

[ of the principles for determining the loads and load combinations to be taken intoracco
mpetence calculations set out in this part of ISO 8686 (see Clause 5) are-applicable
vable stress method and the limit state method of design. Both methods are-equivalen
r relationship between loads and stresses. In cases of nonlinear relatiognship betwee

ISO 20332 gives values for limit states but not for allowable stresses.

»

Allowable stress method

Fidual specified loads, fj, are calculated and amplifiedwhere necessary using the applical
y are then combined according to the load combination under consideration from T

in members or the forces on supports.

The
and
be c

Adn
stre
sped
coef

Sped

appl
criti
of of

A flg

Stresses, 0], due to the action of the load-effects onaparticular element or componentar
rombined with any stresses, G, resulting from local effects. The resulting design streg
pbmpared with an appropriate valueof allowable stress, adm o.

issible stresses are obtained by dividing the specified strengths, R, of the material,
bses corresponding to theyield point, limit of elastic stability or fatigue strength, by a cg

ficient, yp, (see 7.3.5).

ial care is requited to ensure a valid proof of competence when the allowable stres
jed to cases where internal forces are not linearly proportional to the loads produc
ral values of stress result from the combination of independently varying loads which g
posite signs.

w chartillustrating the allowable stress method of design is shown in Figure A.1.

unt in proof
to both the
L in cases of
n loads and

bses (i.e. where the 2nd order method is applied) the limit state method of design shall e applied.

le factors ¢.
able 3. The

bined load, 17]-, is used to determine the resultingload effects, §k, i.e. the inner forces and moments

e calculated
s &) should

such as the
efficient, yg,

ified in Table 3, accordifigto the basic load combination (see 7.1) and, where appropriate, by a risk

E method is
ng them or
ive stresses
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7 — 021
O11 R
- ™ — > —_— S — <admo = Y
n
fi Xfi=F, Sk k1 on 0
—

Key
fi load i on element or component
ﬁj load combination j
Sy load|effects in section k of members or supporting parts (such as inner forces and moments resulting

load|combination F})
01 stregses in particular element [ as result of load effects §k
Gy stregses in particular element / arising from local effects
G resulting design stress in particular element /

specffied strength or characteristic resistance of the material, particular elenment or connection — sug

the dtress corresponding to the yield point, limit of elastic-stability or fatigue strength (limit states)
adm o allowable stresses
143 coefficients applied to specified strength according to load combination under consideration
Yn risk poefficient, where applicable

A.3 Limit state method

Individual

Figure A.1 — Typical flow chart of:allowable stress method

bpecified or characteristic loads;”f;, are calculated and amplified where necessary y

from

h as

sing

factors ¢ multiplied by the appropriate partial safety factors, yp. They are then combined according to

the load con
loads are gi

Where appf

load effectd

effects on
resulting fr

Wbination under considerdtion to give F;. Factors ¢ and partial safety factors yy, for indivi
ven in Tables 3 and 7,

opriate, the riskcoefficient yy, is applied to F_'] (see 7.3.6) to give the design load, yp 17] . De

, §k are determined from the design load. The stresses, 1], due to the action of the
W particulat~element or component are calculated and combined with any stresses

The resulti

g design stress, o], shall be compared with an appropriate limit value, lim o.
A flow charllrn—rfnﬁ—rr#m—m—hmil UStrating the [imit state method of design 1S shown in Figure A.2.

24

bm localieffects which have also been calculated using the appropriate load coefficienty.

dual

sign
load
021,
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I1SO 8686-
/1
J 031
Sk O11
— > - s <limo= 5
YaVpfi| Yo X Ypfi= YnF]- YnFi Sk k o1 01
| 1

load i on element or component

load combination j from loads f; multiplied with partial safety factors and risk coefficient, when applicable

011

021
o]

lim o
)43
Yn

Ym
Insteg

M

ad of a comparison of stresses (see above), a comparison of forces, moments, deflections, etc. ma}
NOTE

load effects in section k of members or supporting parts (such as inner forces and momerits}i
from load combination F;

stresses in particular element I as result of load effects S}

stresses in particular element [ arising from local effects
resulting design stress in the particular element /

specified strength or characteristic resistance of material, particular element or connection —
stress corresponding to yield point, limit of elastic stability or fatigue'strength (limit states)

limit design stress
partial safety factors applied to individual loads according to/load combination under conside
risk coefficients, where applicable

resistance coefficient
A general description of the limit state method of design is given in ISO 2394.

Figure A.2 — Typical flow chart of limit state method

esulting

such as

ration

y be made.
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Annex B
(informative)

General guidance on application of dynamic factors ¢

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 moverpents are multiplied (see Figure B.1).

In cases where the load effect and dynamic response are not covered by these factors, elaste-kinetic
analyses or|experiments shall be carried out, unless it is known from experience that these-effect$ are
sufficiently[small to be ignored.

1
N N
a) Example of load effectScovered by b) Example of load effects not covered by dyngamic
dynamic factors ¢ factors ¢

Key
1  static axjial forces
2 additiorfal bending due to vibrations

Figure B.1 — Application of dynamic factors ¢
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Example of model for estimating value of dynamic factor ¢4 for

cranes travelling on rails

C1
The

General

dynamic loads caused by travelling or traversing on rails (see 6.1.3.2) with steps or g

estinated by using appropriate elasto-kinetic models. Unevenness functions may,be used t

the s

C.2

In th
a sin
A si
supj
rail
Wit}
the
F(t)

The
resp

teps or gaps in the rails.

Elasto-Kkinetic model

\ple model.

hgle mass, m, in kilograms, moving horizontally at coristant speed, v, in metres pe
orted by a linear elastic spring with a spring constant;c, in newtons per metre, and is
see Figure C.1).

the unevenness function, h(t), and the coordinate, z(t), both expressed in metres
position of the spring supported mass, thé’dynamic force in the spring follows the
= ¢ [h(t) - z(¢)] in newtons.

maximum force, Fpax, is given by ‘the maximum value of expression F(t) during th

onse. This may occur during or afterthe period of excitation.
v
—
m e A
z(t)
c
1
®
h(t)

aps may be
o represent

is example, the dynamic loads on the crane caused by excitationyof the system are estifnated using

- second, is
guided by a

describing
expression

e period of

Figure C.1 — Model for determining dynamic factor ¢4

C.2.1 Movement of wheel centre when passing over step or gap

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

© IS0 2012 - All rights reserved
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N /"\s\/“\s
o Wy
' \ / \\ 1 ‘(’ | /
\\ = < - ; ’ <]
1
es g
o2
eg~+[2rhg (hs<<r) thg—i (eg~ 1)
a) Passing over step b) Passing over gap

Figure C.2 — Movement of wheel centre

C.2.2 Approximate unevenness functions for exciting elasto-kinetic model

Approximafge unevenness functions h(t) for exciting the elasto-kinetic madel are shown in Figur¢ C.3
and in the cprresponding formulae in C.2.3.

h(t) h(t)

hg

- -
t N L

ts = es/v te = eg/v
hs hg
h(t)z;(l—cos Q-t) h(t)z;(l—cos Q-t)
where Q - tg =1t where Q- tg = 2m
a) Passing aver step b) Passing over gap

Figure C.3 — Unevenness functions h(t)

C.2.3 Makimum vertical accelerations

C.2.3.1 Lower end of spring

The maximum vertical acceleration of the lower end of the spring, h, when passing over a step or a gap
at constant speed v is given by

. Z 2
h':h_SQZ :h_GQZ :[EJ v
r

where hs, hg, , vand r are as shown in Figures C.2 and C.3.
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C.2.3.2 Mass passing a step

The maximum vertical acceleration, Z , for a mass, m, passing a step is given by
Z=h&g(og)

where

oh (2r
Og=— |—
1% 'hq

1:2012(E)

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

C.2.3.3 Mass passing a gap

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

¥ = th(aG)
whele
(DeG
e =—=
G 2TV

C.2.4 Factors & and &g

In Flgure C.4, the curves for factors*és (as) and &g (ag) for a parabolic (par) unevenness f]
compared with those for the appreximate cosine (cos) unevenness function previously intr
numpers in brackets [(1) or (2]])indicate the periods for which the factors £ are valid. Perio
timgs ts and tg and period (2) s the response time thereafter.

For both excitations (step or gap), the maximum values of &s or &g for a approximately < 1,
found to occur in perfiod (2), i.e. after the time the wheel has passed the unevenness, and wit
uneyenness function/[cos(2)].

In tHis case, thevalues of the factors may be determined analytically by

2

unction are
bduced. The
d (1) covers

B have been
h the cosine

g= a521/2+cos(2nas)
1—cg
or
o2
&e = GZ\/Z—ZCOS(ZTCOCG)
1—OCG
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$s - e
25 | 1t 5[t
par __ cos (2) (1) cos (2)
—7os par
2 r 4r oSS e
tG = eG/V =
1,5 — 3 [ (1'1) | (1'2) (2)
|
1 = 2 b cos (1)
par (L,1]
par (1,2)
0,5 [~ 1
0 0
0 02 04 06 08 1 12 a 0 02 04 06 08°1 12 af
a) For step b) Ferigap

Figure C.4 — Curves of unevenness function

C.2.5 Dynpamic factor ¢4

Dynamic fa

{

04

For the two
factors ¢4 1

For a step:

¢q =1+

For a gap:

¢y =1+

Ctor ¢4 is defined as
j +mZ _ 1 ﬁ £
mg g

cases and the assumptions made‘including a < 1,3 using the formulae for &s, as and &
hay be calculated as follows.

1\ v2
E] —&s(as)
gr‘

T

2 VZ
ZJ —&glog)
gr

C.2.6 Comments

» AG,

The use of this simple elasto-kinetic model is restricted to cranes whose actual dynamic behaviour
corresponds to that of the model and which are excited in the manner shown by passing over steps or
gapsintherails. [f more than one natural mode contributes a significant response and/or rotation occurs,

the designer should estimate the dynamic loads using an appropriate model for the circumstances.

30
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Example of determination of loads caused by acceleration

D.1_Rigid body Kinetic model

The |example considered is that of a rigid crane (i.e. an overhead travelling crane) 'conpisting of a
double-girder crane bridge, supported by four crane travel wheels, travelling at a constant speed. One
wheel on each side is driven by a simplified independent drive. A traversing loaded\trolley if supported

by the crane bridge (see Figure D.1). See 6.1.4.

A
A

‘ <
m é
T _df_mx/fl—(_ sgn{X}wmg
CG

Z
2M
fl/ng@ fl/ng
y X
2 3 |4
i = P
s ) 4 I 11/2sgn(x) wmg a/l
[ | /2sgn(x) wmg a/l /2sgn(x) wmg a/
N [0,
B
*M}P,ip’ XX
_ %ml e
D! MY CG, Imx
! i
" m»>+m
N |_191 3
S
il o
~| T
! =3 D
1 y L1 /2sgn(x) wmg b/1 |21/2sgn(x) wmg b/1
Cc
~ X
Key
1 raill
2 rail2

Figure D.1 — Loads acting on overhead travelling crane (see Table D.1)

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 being laterally movable.
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D.2 Symbols

The symbols used in this annex are given in Table D.1.

Table D.1 — Symbols used in Annex D

Symbol Description
Geometric parameters (in metres)
l Span of the crane
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
rq Radius of gear wheel 1
rp Radius of gear wheel 2
r Radius of crane travel wheels

Masses (in kilograms)

mi Mass of crane bridge with travel drives

my Mass of crab

m3 Gross load, equivalent to my

m Mass of the loaded crane (m = mq +my +m3)

Mass momgnts of inertia (in kilogram metres squared)

61 Mass moment of inertia of motor, coupling, brake drum and gear wheel 1

67 Mass moment of inertia of gear wheel 2 afid crane travel wheels (neglected in this example)

Internal friction losses

n Ratio of output power of gearing(tojinput power of gearing

Speeds and|accelerations (in radians or mietres per second or second squared)

A" Rotational speed and aceeleration, respectively, of motor, coupling, brake drum and gear whgel 1

X, X Travel speed and aeceleration, respectively, of the crane

Torques (innewton metres)

M Drive torque-acting on the first shaft of the crane travel gear
Mwv Torqueddue to the stationary characteristics of the motor
Mg Torgute of the mechanical brake
D.3 Forces

D.3.1 Drive forces and external forces

The motion of the crane, [x(t)], 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. These are
illustrated by the examples given in Figures D.2 and D.3.
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'
o
My = 1‘4(1(\)/[) (1 'lf’/lf’m])
M(,?,,) My

Key
Mwm steady-state output torque of motor at motor speed of y
M (181) motor starting torque (y =0)
1/'/(0) synchronous rotational speed of motor (My = 0)

Figure D.2 — Resistor-controlled slip-ring motor=< Simplified presentation of thotor
characteristics

For dimplification purposes, in Figure D.3 the magnitude of Mp, ‘MB‘ , istaken as constant; mathematically
itis pxpressed as MB = —sgn (y) ‘I\;IB‘ .
'

+|MB|

by Mg=-sgn (‘1’)I1VAIBI
-IMgl

Key

Mg brake torque whose direction is opposite to that of y

Figure D.3 — Mechanical brake — Formal presentation of brake torque

D.3.2 Frictional losses at a wheel

Figure D.4 illustrates frictional losses at a wheel.
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sgn (X)AM;/.L\
‘D sgn (x)AM,

f

Key
AMq torjque loss due to friction in wheel bearing
AM> torjque representing the losses due to rolling friction in contact zone of rolling wheel
F; whleel load
w eqyivalent friction coefficient (AM1 + AMy = wF,r)
Figure D.4 — Frictional losses at wheel
D.4 Drivp accelerations
The drive 1

nodel shown in Figure D.5 is used for estimating drive accelerations. This representgtion
combines the two drives acting to balance forces and includes'all significant effects.

34
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sgn (x)wmg

2
Key
1  putputside of gear element 1 5 wheels
2 Inputside of gear element 1 6 gears
3 putputside of gear element 2 7  brakes
4  |nputside of gear element 2 8  motors

Figure D.5 — Crane drive model (sign convention)

Frorh rigid body<kinetic analysis, neglecting the mass moments of inertia, 87, the acceleration, X, of a
cranfe not affectéd by wind forces can be expressed as

2Mr1_1 rzr_ln A —sgn (x)wmg

b —
f =

291(r1_1r2r_1)21’]y+m

where
A =sgn (UF);
u 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 crane, considering the kinematic interactions of the mechanical parts.
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D.5 Loads and load effects

The loads and load effects caused by crane drives during regular use can be taken into account

considering the relevant events, for example:

— eventl: accelerating crane fromrest, (1/'/ = 0) by applying starting torque, M(I\(/)I)' to each travel drive;

— eventll: decelerating crane from steady-state motion, (/ = X =0), by mechanical braking whereby the

torque on each travel drive is changed from a motor torque My (y =0) to a braking torque of —

iy,

For the purposes of this example, events I and II are taken to be instantaneous changes in torque; they

are illustrated in Figure D.6.

Key
1 eventl
2 eventll

Y(¥=0)

-1 Mgl

Figure D.6 — Hlustration of events I and I1

D.6 Accelerations

Before the d
and II setI

acceleratio
For eventI

X =0

My (¥=0)

My

esign load effects d@rising from changes in torque can be calculated, such as those of events |
ut in Clause D.55it is necessary to estimate the initial acceleration, 5‘;(1)' and the final

, }é(f), bounding the event. This can be done as follows.

2m) 1

2

ry r_ln -wmg

Xp=

204 (rl_1 ry r_1)2n+m

since A =+1 as (1 >0) and (F > 0).
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For event II:

Xp=0=

2Myy (§ = 0)r{ tryr ' —wmg

20, (rl_1 ry r_1)2n+m

since A =+1 as (u>0) and (F > 0);

Xt

0 -1 -1,-1
__Z‘MB‘rl r,rn - +wmg

-1\2 -1
)

20, (rl_1 r,r n - +m

1:2012(E)

sinc

Fron

dece

D.7
As a

b A=-1as (u>0) and (F<0).

. . 0 - . " .
h these results it can be seen that if M(M) = ‘MB‘, the acceleration, X)) for event I'is 14

leration, }é(f), for event II.

Design load effects in mechanical components

h example, the tangential force to be transferred by the gears and to be considered in

estifnated as follows (see Clause D.4 and Figure D.5):

)

whe

wh

D

For

For

=M -0y

e

y = rl_lrz Ly

= Fj) + §gAF
Fe AF = F(r) - F(y).

pvent I:

) =0

16 :[M(I\(/)[) —0gr) ryr ! X(f)]"fl

bvent Ik

iy =My (7 =0)ry

bss than the

design F is

- -1 -1 ..
F(f):[—‘MB‘—Glrl ryr x(f)]r1

D.8

1 -1

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 D.7).
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Fos & Fy,
Y. y
1/2-a-wmg/l 1/2-a-wmg/l
- .. F=m(x+wg)e/c  F,=m(x+wg)-e/c
Fs [ <
= = l l
|| ||
| | 13 47
[\ || = - -
S| T ] mx < Fq= ¥)/2 I
S E 5= (wg+%)/ a-wmg/
|| ||
| |
[ | -
~ - I gy
® =1 CG, <
] T .
[ [
|| N || X
- || — >
|- T |- CG
S ] (my+m3)x - <—+—
|- B v
~ || || mx
Fxl I I
- - - - =
y 1/2:-b-wmg/I 1/2:-b-wmg/I1
c F=m-(wg+x) /2 b-wmg/l
. il le
z X e 2
a) Distribution of horizontal loads during b) Resultant loads — Acting drive forces
acceleration of crane Fx3 =FYy1, and reacting forces, Fy3 = Fy1

The horizontal loads and forces are caused by:drive forces accelerating the crane and do not ing
skewing forlces.

During acc¢leration, the two acting drives balance the mass forces (mX=m;X+m,X+m3X) and

forces due fjo the frictional losses at all wheels (wmg). It is assumed that the crane drive characteri
are identicgl as well as their contyol; therefore, the drive forces are equally distributed to both o

drives (FX3

Forces tran

acting and teactingforces, and become

F4:F

Figure D.7 — Horizontal'loads and reactions

=Fy = %m}é+%wmg]. The resultant drive force acts in the centreline of the span.

: l
sverse to_the'runway, Fys = -Fy3, usually occur due to the distance, e =E—a, between the

Py

lude

the

stics
f the

- e
g =m(X+wg)—

y

C

The design load effects, F, and the accelerations before [k'(i)] and after [}ém] changing the torques for

any considered event should be evaluated.

From the acting loads, the mass forces, [m)'é(i)] and [m)'é(f)], as well as the resultant friction forces, all

relevant load effects, Fi) [N(i), Qi) M(i)] and F(f) [N(), Q(f), M(f)], respectively, should be estimated by an
elastostatic calculation considering the crane girder as a plane (or space) frame (see Figure D.8).
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The design load effects may be evaluated, having reference to Clauses D.4 and D.7, from

F

Fy) + @5 AF

where AF = F(f) - Fj).

In the special cases of events I and II, X =0.

The
follo

1)

B 0

a) Before changing torques (i)

r 2 wheels per corner:

r 4 wheels per coner:

More than 4 wheels per corner:

Fy
Fy

Fy

b) After changing torques (|f)

acting on the outer wheel;

acting on the two outermost wheels;

acting on the three outermost wheels.

Figure D.8 — Loading state

TF y3(i) TF ya(i) A Fyam A
| o D
Fx3m a-wmg/l Fx3m afwmg/1
\ v[) E 8 /A
ﬂ‘ Q) e ~p
M. ym
- M - ®
X TN X TN
— (M I\ @
CG CG
™M g M
- - -}
Fxl(i) = Fx3(i) b-wmg/I Fxl(f] = Fx3[f) bwmg/I

Freacting forces, Fy, may be distributed between the wheels grouped in the corners of the crane as
ws:
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