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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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Cranes — Design principles for loads and load
combinations —

Part 2:
Mobile cranes

1 Bcope

This|document applies the principles set forth in ISO 8686-1 to mobile cranes, as defined in|[SO 4306-2,
and presents loads and load combinations appropriate for use in proof-of-competence calculations for
the qteel structures of mobile cranes.

This{document is applicable to mobile cranes used for normal and duty,cycle service.

NOTE Means for proof-of-competence testing will be addressed in anether document.

2 Normative references

The [following documents are referred to in the text in‘such a way that some or all of their content
congtitutes requirements of this document. For dated“references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.

ISO 4302:2016, Cranes — Wind load assessment

[SO 4306-2, Cranes — Vocabulary — Part 2: Mobile cranes
ISO #4305, Mobile cranes — Determinatipn of stability

ISO $310, Cranes — Test code and‘procedures

ISO $686-1:2012, Cranes — Design principles for loads and load combinations — Part 1: Genenal
[SO 10721-1, Steel structures — Part 1: Materials and design

ISO 10721-2, Steel strutctures — Part 2: Fabrication and erection

ISO [11662-2, Mobile cranes — Experimental determination of crane performance — Part 4: Structural
competence under static loading

[SO 20332:2016, Cranes — Proof of competence of steel structures

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 4306-2 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© ISO 2018 - All rights reserved 1
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3.1

rated capacity

rated load

hoist medium load which includes the mass of lifting attachments

3.2

normal service

hook duties

3.3

for which fatigue analysis of the steel load-supporting structure is not required

duty cycle service

repetitive d

EXAMPLE

4 Choic¢

4.1 Basi
Loads shall

component
simulated b
of proof-of-
a) Thecr
to act i
selecte
b) consery
they c4

combinjed actions to more closely reflect loading conditions currently found in practice.

4.2 Simu
The effect

0
with hoistilfg acceleration; only two drives are assumed to accelerate simultaneously in the absen

hoisting acq

4.3 Side

Certain des
present in 3
are perforn
features aff]

Grab, dragline, magnet or comparable repetitive duty.

b of loads and load combinations

" considerations

be combined with the intention of discovering maximum load“effects on mobile ¢
5 or members during operation, in accordance with the manufacturer’s instruction
y elastostatic calculation. To achieve this, the following censiderations govern prepar:
fompetence calculations.

ne is taken in its most unfavourable position and cornfiguration, while the loads are assu

] for evaluation on the basis of engineering considerations; and

ratively, loads can be combined at the values‘defined in this document or, when appropr
n be combined with certain loads, adjusted by reduction factors for the probabilit

Itaneous accelerations

one accelerating drive, e g-slewing, luffing or telescoping, is assumed to act simultaneq

eleration. See AnnexAfor further information on simultaneous accelerations.

Jloading

gn featuressmay have the effect of inducing side loading on booms. When those feature
design;they shall be included with all applicable load combinations for which calculat
ned, ecombined so as to maximize side loading. In addition to slewing and wind eff]
pcting side loading may include:

rane
5, as
ition

med

n magnitude, position and direction causing unfavourable stresses at the critical pgints

iate,
y of

usly
ce of

5 are
ions
ects,

a)

boom point sheave and the most extreme position on the hoisting drum; and

b)

inclination of the boom foot due to deflection of the supporting crane structure.

4.4 Erection and dismantling

reeving arrangements that cause the hoist line to deviate from the boom centreline, between the

An evaluation shall be made for each step in the erection and dismantling processes, as appropriate to
the crane type and configuration, and proof-of-competence calculations shall be carried out for each
instance of significant member or component loading. Calculations shall utilize factors from Table 1 as
given under load combinations B.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=b8033054ec962683d030f7ee8dfee1f3

ISO 8686-2:2018(E)

4.5 Automatically initiated actions

When mobile cranes are furnished with controls or devices that cut out drives and apply brakes without
an initiating action by the driver, or are furnished with brakes that automatically engage on loss of
power or control function, calculations reflecting those effects shall be carried out under Emergency

cut-out, see column C4.

5 Loads from acceleration of crane drives

5.1

General

Mob
or fi
pow|
instj
cran
rath

5.2

In pi
fitte
the ¢
the 1
prod

a)

b)

But
max

le cranes are typically designed to accommodate a range of boom lengths and varieus
ont-end attachments. Therefore, some cranes can possess excess power in some-co

uctions). Therefore, in proof-of-competence calculations, the effects acting on the 1}
e, either acceleration or deceleration may need to be chosen on the basisof a simulaf]
br than on drive or brake characteristics.

Slewing effects

actice, slewing acceleration and deceleration rates can vary-depending on the front-end
d, the operating radius, the control scheme employed, the‘crane driver’s operating pr
haracteristics of the slewing drive and braking mechanisms. For proof-of-competence g
orces on the mass of the crane and the rated load by’slewing acceleration or deceler
uce side loading can be taken as follows.

For cranes with stepped drive controls and for cranes in which the driver does not h
pver slewing acceleration or deceleration _rates, the forces on the mass of the crane ar
oad shall be calculated from drive/brake characteristics.

For cranes with stepless continuously variable drive controls, the forces on the mass
hnd the rated load shall be calculated based either on:

1)

instructions; or

D

.

a simulation or tésts; or

)
B)

the resultingdateral force from slewing, applied to the boom tip, shall not be taken lg
imum of;

drive/brakeleharacteristics.

extensions
igurations,

n
br that crane drivers in practice do not fully utilize (in accordance with the mallfufacturer's

mass of the
ion or tests

attachment
nctices, and
alculations,
htion which

ave control
d the rated

bf the crane

the highest forces whightoccur during normal operation as described in the manufacturer’s

ss than the

1 %.ofthe rated load plus 1 % of the mass of the main boom and jib reduced to the boom head or jib

5.3

head(see ISO 4305, ISO 4310); and

2 % of the rated load for latticed booms or 3 % for telescopic booms.

Hoisting effects

5.3.1 Hoisting effects acting on the mass of the crane, except for the rated load itself, shall be calculated

aCco

rding to ISO 8686-1:2012, 6.1.1 (see also Table 2, line 1)

5.3.2 Hoisting effects acting on the mass of the rated load shall be calculated according to
[SO 8686-1:2012, 6.1.2.

© ISO 2018 - All rights reserved
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5.4 Driving effects

5.4.1 Driving acceleration

Loads caused by driving acceleration or deceleration, with or without load, shall be estimated from
experience or experiment, or by calculation using an appropriate model for the crane.

5.4.2 Driving on uneven surface

Loads caused by travelling on uneven surface shall be calculated according to ISO 8686-1:2012, 6.1.3

5.5 Luffing and telescoping effects

Loads caus¢d by luffing and telescoping, with or without load, shall be estimated from gxperienge or
experiment] or by calculation using an appropriate model for the crane.

5.6 Appljcation of loads caused by acceleration

The forces pn the mass of the crane caused by acceleration are amplified by-an appropriate dynamic
amplificatign factor value, ¢5, according ISO 8686-1:2012, 6.1.4.

6 Proofiof-competence calculations for load-supporting structures

6.1 Gendral

Principally,|a proof of fatigue according to ISO 20332 and proof of rigid body stability according to
ISO 4305 shall be performed.

6.2 Allowable stress method

6.2.1 Table 1 gives loads and load combinations for the allowable stress method, together with an
overall strehgth coefficient yf and dynamic amplification factors, ¢y,. Table 2 gives values for the fa¢tors
¢n and othdr pertinent load information:

6.2.2 For|members under axial.compression, the overall strength coefficient, yf, given in Table 1 phall
only be used in conjunction with’a column formula (or curve) from ISO 10721-1 or ISO 10721-2.

6.3 Limit state method

6.3.1 Table 1 gives loads and load combinations for the limit state method, together with appligable
partial load] factors, yp, and dynamic amplification factors, ¢n. Table 2 gives values for the factors ¢n
and other pertinent load information. The resistance coefficient, y,, shall be taken as 1,1 for alllload
combinations. This coefficient shall reflect statistical variations in material strength.

6.3.2 For members under axial compression, the resistance coefficient, yn,, and the partial load factors,
Yp» given in Table 1 shall only be used in conjunction with a column formula (or curve) from ISO 10721-1
or IS0 10721-2.

7 Side-load deflection of latticed booms

7.1 Lateral deflection of latticed booms and fly jibs are a measure of elastic stability, as these members
are primarily loaded in compression. Excessive side deflections can induce elastic instability. Therefore,
all wire-rope-supported latticed booms and fly jibs shall be limited to deflections not exceeding 2 %
of their effective length when subjected to rated load together with side loading of 2 % of rated load.

4 © ISO 2018 - All rights reserved
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Deflection limits shall be verified by calculation and by test according to ISO 11662-2. Deflection
limitations apply only to mobile cranes with latticed booms and fly jibs mounted on latticed booms.

Key

1 boom footigentreline
2 boom centreline

3 slope’Z’

4 jib centreline

F rated load

Figure 1 — Terms and symbols related to deflection measurement — Lattice jib with fly jib

© IS0 2018 - All rights reserved 5
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7.2 For asingle fly jib mounted on a jib, Formula (1) is given (Figure 1):
Zj< 0,02 Lj + Zp + Z' (Lj cosP) + O (Lj sinf)

where the following values are calculated (or measured):

Z is the fly jib tip deflection;
Zp is the latticed jib tip deflection;

Al isthe latticed }'ih deflection ata distance L4 down from the jih tip

(0

7

Z is the fly jib strut deflection at the tip;
and the follpwing values are calculated:

Z' (slop¢) = (Zp - Z1) / L1

0=(2Zv122)/ L2

If slope Z' ahd torsion 6 are not calculated, the last two terms of Formuld(1] may be deleted.

© ISO 2018 - All rights reserved
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Table 2 — Requirements and values for factors, ¢,

Table 1: ¢n References Comment
row Nos. ISO 8686-1:2012
1 b1 6.1.1 See ISO 8686-1:2012, Annex B, for additional information.
¢p1=1%a

a = 0 for normal service

a < 0,1 for duty cycle service such as grab, dragline or magnet work
(unfavourable) or

net

o-QL £ ph R il 3 "N R R | 1;
U ="U,UJ TUI UUly CyULIT STILVILT SuUtll doS Sl du, Ul asuuc Ul 111d

work (favourable)

=]

The value of ¢p1 shall be taken as greater or less than 1,0;depenfing
on whether the effect is favourable or unfavourable:

2 b2 6.1.2.1 Depending on the characteristics/flexibility of the'structure, the
hoisting class HC shall be classified. For someckinds of mobile
cranes (e.g. telescopic cranes) the hoisting class can be assumled
as HC1 with ¢2 min = 1,05. For other situations, see ISO 8686¢1.

b3 6.1.2.2 Applicable for grab, dragline, magnet or-similar service
b4 6.1.3.1 See ISO 8686-1:2012, Annex C, for detailed calculation.

Alternatively use a simplified@pproach for:

— wheeled mobile cranes:
¢4 = 1,1 for travel speed < 0,4 m/s;
¢4 =1,3 for travel speed > 0,4 m/s;
— for track-mounted (crawler) mobile cranes:
¢4 =1,0 for travel speed < 0,4 m/s;
¢4 =(1,% for travel speed > 0,4 m/s.
4 s 6.1.4 See SO 8686-1:2012, Annex D, for detailed calculation.

Alternatively, use a simplified approach:

— for mobile cranes with stepless continuously-variable drive
controls:

¢s5 = 1,2 for normal service;
¢s5 = 1,5 for duty cycle service;

— for mobile cranes with stepped drive controls:
¢s5 = 1,6 for normal service;

¢s5 = 2,0 for duty cycle service.

6 6.2.1.1 When lifting loads with a — on the load related — area exposgd to
wind greater than 1,2 m2/t, w > 1 accounts for the higher sensit]vity
Of the crane system to wind InITUences.

AXCf
max ;1,2 -1,2
w=1+ <1,25
14

A, Cr: 1SO 4302:2016, Formula (4) shall be taken as reference
P = mass of rated load [t].

7 6.2.1.3 Temperature

Erection and de-erection wind load and/or crane configuration
shall be specified by the manufacturer.

8 © ISO 2018 - All rights reserved
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Table 2 (continued)

Table 1: ¢n References Comment
row Nos. IS0 8686-1:2012
9 6.3.1 The maximum out-of-service wind load and /or crane configuration
shall be specified by the manufacturer.
10 ®2,max 6.1.2.1 Hoisting with maximum speed
11 b6 6.3.2 21,25 (in accordance with ISO 4310:2009)

© ISO 2018 - All rights reserved
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Annex A
(informative)

Simultaneous accelerations

A.1 Track-mounted (crawler) latticed boom crane

A.1.1 Possible acceleration combinations (see Figure A.1):
— hoist (H) and slew (SI);

— hoist ({) and luff (Lu);

— slew (S) and luff (Lu);

— travel (|Tr).

A.1.2 Additional accelerations may be combined with travel when specifically permitted by] the
manufacturpr’s instructions.

Figure A.1 — Track-mounted (crawler) latticed boom crane

A.2 Track mounted (crawler) telescopic boom crane

A.2.1 Possible acceleration combinations (see Figure A.2):
— hoist (H) and slew (SI);
— hoist (H) and luff (Lu);

— hoist (H) and telescope (Te);

10 © ISO 2018 - All rights reserved
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— slew (S]) and luff (Lu);
— slew (SI) and telescope (Te);
— telescope (Te) and luff (Lu);

— travel (Tr).

A.2.2 Additional accelerations may be combined with travel when specifically permitted by the
manufacturer’s instructions.

Figure A.2 — Track mounted (crawler) telescopic boom crane

A.3| Wheeled mobilejatticed boom crane

A.3.1 Possible acceleration combinations (see Figure A.3):
— hoist (H),and slew (SI);
— hoistH)and luff (Lu);

— plew (S]) and luff (Lu);

— travel (Tr).

© ISO 2018 - All rights reserved 11
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A.3.2 Additional accelerations may be combined with travel when specifically permitted by the
manufacturer’s instructions.

A.4 Whe

A.4.1 Pos

12

hoist (K
hoist (K
hoist (K
slew (S
slew (S
telesco

travel (|

eled mobile telescopic boom crane

5ible acceleration combinations (see Figwe A.4):
[) and slew (S1);

[) and luff (Lu);

[) and telescope (Te);

) and luff (Lu);

) and telescope.(Te);

pe (Te) and:Luft (Lu);

TT).

Figure A.3 — Wheeled mobile latticed boom,crane (on outriggers)

© ISO 2018 - All rights reserved
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A.4.2 Additional accelerations may be combined with travel when specifically permitted by the
manufacturer’s instructions.

Figure A.4 — Wheeled mobile telescopichoom crane (on outriggers)

© ISO 2018 - All rights reserved 13
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Annex B
(informative)

Application of load combinations given in Table 1

B.1 Description of load combinations

Table B.1 furnishes a general description of the loads that are to be included in each load combingtion
and indicatg¢s which combinations apply only to cranes used in duty cycle service.

Table B.1 — Description of load combinations

Load combination from Table 1 Description

Hoisting and moving loads

In general, the loads shall be combined to reflect the events during the
) ) ] ] acceleration, deceleration and positioning of the loaded or unlogded
AT (withoutfin-service wind) and | crane, moving in both directions. Durifig-the hoisting of a grounded Joad
B1 (with in-pervice wind) or a grounded lifting attachment, orfly & combination of accelerating drive
forces caused by other drives (exchiding the hoist drive) shall be taken|into
account in accordance with the<intended normal operation as well ag the
control of the drives.

A2 (without]in-service wind) and Mobile cranes intentionally releasing a part of the suspended load whille in

B2 (with in-pervice wind) motion. See 4.2 and 1S0;8686-1:2012, 6.1.2.2.
A3 (withoufjin-service wind) and Mobile cranes supporting suspended loads while two motions other than
B3 (with in-pervice wind) hoisting are engaged.

Travelling omr an uneven surface

Load or lifting attachment suspended; With a suspended load or liftinfg at-
A4 (withoutlin-service wind) and | t3chment, any combination of accelerating or decelerating forces causdd by
B4 (with in-service wind) any-0fthe drives, or of their sequence during positioning movements, hall
be'taken into account in accordance with the intended normal operatiqn as
well as the control of the drives.

Crane during erection, dismantling and transport. The manufacturer ghall
C1 specify the maximum allowable wind-speed in the operations mapual
(minimum in-service wind-speed).

Crane under in-service conditions, hoisting a grounded load at maxirhum

€2 hoisting speed, applying ¢
Crane under test conditions. See ISO 4310, minimum wind-speed tp be
C3 o )
applied in calculation: 8,3 m/s
C4 Emergency cut-out
cs Crane out of service. The manufacturer shall specify the maximum allowable
wind-speed in the operations manual
cé Unexpected sudden release of load

B.2 Symbols

mc mass of the crane or of an applicable component thereof;
MR mass of the rated load;
mr mass of the test load;
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AFs force resulting from the acceleration of the slewing drive which can be represented by a
function, fs(mc, mg);

AFy, force resulting from the acceleration of the luffing drive which can be represented by a
function, f1,(mc, mg);

AFT force resulting from the acceleration of the telescoping drive which can be represented
by a function, ft(mc, mp);

AFy force resulting from the acceleration of the load hoisting drive which can be represented
by a function, fy(mc, mr);

AFTy force resulting from the acceleration of the travelling drive which can be repl'esented by
a function, frr(mc, mp);

o stress resulting from the application of loads and their factors;
[0) dynamic amplification factor, as given in Table 2 ;

Fp force resulting from a displacement;

Fy load due to temperature variation;

Fw wind load due to in-service wind;

Fw| out-of-windload due to out-of-service wind;

servige

Fw(i) wind load during erection, dismantling and transport;

Fg load during erection, dismantling and transport;

Drmhx dynamic factor resulting from the maximum hoisting speed.

B.3| Application of dynamic factors
The dynamic factors, ¢, shall be applied to loads when the relationship between load and sfress is non-

linegr. When the relationghip is linear, the factors may be applied to either loads or stresses

B.4| Selecting the appropriate loads in each applicable load combination|

B.4.1 Inload combinations Al and B1, one drive force other than hoisting is combined. Therefore, only
the ombination including the drive force load producing maximum stress should be considered.

Sele¢tthe greatest of AFs or AF, or AFT = maximum drive force.

Then, for the Allowable Stress Method (ASM):
o (A1) = o (p1mc + Ppomp + 5 x maximum drive force + Fp)
o (B1) =0 (Al + wFw + Fy)
For the Limit State Method (LSM):
o (A1) = o (ypp1mc + YpP2mRr + ypps X maximum drive force + ypFp)

o (B1) = o (Al + ypwFw + ypFy)
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