INTERNATIONAL ISO
STANDARD 4309

Fifth edition
2017-11

Cranes — Wire ropes — Care and
maintenance, inspection-and discard

Appareils de levage a charge suspendué — Cdbles en acigr —
Entretien et maintenance, inspection et dépose

Reference number
1SO 4309:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=b061dc0b7c57e50dbf04b93687feecac

ISO 4309:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=b061dc0b7c57e50dbf04b93687feecac

ISO 4309:2017(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 2
3 Terms and AeFIMITIOIIS ... 2
4 Care and maintenance...... 4
4T General. ... 4
4.2 Rope replacement 4
4.3 Offloading and StOring the TOPe ... ) oo e 6
4.4 Condition of the rope prior to iNStallation ... e s 6
4.5 Installing the rope 7
4.6 RUNNINg-in the NEW FOPE......ccissee e e s 10
4.7 Maintaining the TOPEe.......siesses ek e 11
4.8  Maintenance of rope-related parts of the crane.......c.. 5o 11
5 INSPECHION ......ooocc s e
5.1 General
5.2 Daily visual inSpections ... e
5.3 Periodic INSPECLIONS ..o S
531  General ..
5.3.2  Frequency........
5.3.3  Extent of inSPection.......oq ™
5.3.4 Inspection at, or in the vicinity of, a termination
5.3.5  Inspection record .......sd e
5.4 Inspection following an iNCIA@RTY............ooiiiii s
5.5 Inspection following period\with crane out of operation............nd
5.6 Inspection by magnetic rope’test method........ ]
6 DISCATA CIIEOITA .....o.occ et
6.1 General ... S50
6.2 Visible broken wires
6.2.1  Criteriafor visible broken wires ...
6.2.2  Use'of Tables 3 and 4 and rope category number
6.2.3 Wire breaks other than those resulting from service.......cfces 16
6.2.4 ") Single-layer and parallel-closed ropes..........ssseesf e 17
6.2:5~ Rotation-resistant ropes.................
6.3 Magnetic rope test (MRT)........ciicicinn
6.4 Decrease in rope diameter
6.4.1  Uniform decrease along the rope
6.4.2  Calculation to determine actual uniform decrease in diameter and
EXPTESSION a5 PETTCeITtage Of Ol TOPE GIaITE e T e 21
LCTRC T 1o Tor: |0 =T ol - - - 21
6.5 Fracture of strands
6.6 COTTOSTON .o
6.7  Deformation and damaZe . ...
6.7.1  General.........
6.7.2  Waviness
6.7.3  Basket deformation
6.7.4  Core or strand protrusion or diStOrtION . ... 23
6.7.5  Protruding wires in loops
6.7.6  Local inCrease in rope dIamELer ... 23
6.7.7  Flattened POTTION ..o
6.7.8  Kink or tightened loop
6.7.9 BN 11 FOPE. ..o

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=b061dc0b7c57e50dbf04b93687feecac

ISO 4309:2017(E)

6.7.10 Damage due to heat or electric arcing

Annex A (normative) Key areas requiring particularly close inspection................e. 25
Annex B (informative) Typical modes of deterioration ... 27
Annex C (informative) Discard criteria fOr MRT ... 37
Annex D (informative) Internal examination of rope by use of clamps ... 39
Annex E (informative) Typical examples of inSpection records..................eee 42
Annex F (informative) Useful information on rope deterioration and discard criteria........................ 45
Annex G (informative) Combined effect assessment of rope condition and severity rating —

ONE INETROM. ..o s 48
Annex H (intrmative) Examples of cross-sections of ropes and corresponding rope

category NUMDBEr (RCN) ... seses e eeeesneeespo e 51
Annex I (infgrmative) EXternal COTTOSION ... E ot e 57
L3310 ] 0 ] 1, === N 59

iv © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=b061dc0b7c57e50dbf04b93687feecac

ISO 4309:2017(E)

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
ISO collaborates closely with the International Electrotechnical Commission (IEC) on a
electrotechnical standardization.

The procedures used to develop this document and e intended for i irther ma
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteria’ng

rights. ISO shall not be held responsible for identifying any or all such patent righ
any pptent rights identified during the development of the document will be'in the Intrody
on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

For ajn explanation on the voluntary nature of standards;‘the meaning of ISO specifi
expregssions related to conformity assessment, as well as information about ISO's adhg
World Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT) see
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Comtnittee ISO/TC 96, Cranes, Subcommittee S

This {ifth edition cancels and replaces the fourth edition (ISO 4309:2010), which has bee
revis¢d and contains the following changes:

— nmpagnetic rope test (MRT) methodology and discard criteria are introduced, as an aid t
imspection of wire ropes;

— guidance is given on when'to use magnetic rope testing and how to combine its resul
mspection results;

—n

|
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h example of an-MRT report is provided.
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Introduction

A wire rope on a crane is regarded as an expendable component, requiring replacement when the results
of inspection indicate that its condition has diminished to the point where further use might be unsafe.

By following well-established principles such as those detailed in this document, along with any
additional specific instructions provided by the manufacturer of the crane or hoist and/or by the
manufacturer of the rope, this point should never be exceeded.

When correctly applied, the discard criteria given in this document are aimed at retaining an adequate
safety margin. Failure to recognize them can be extremely harmful, dangerous and damaging.

To assist thpse who are responsible for “care and maintenance” as distinct from those whlo are
responsible for “inspection and discard”, the procedures are conveniently separated.

vi © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=b061dc0b7c57e50dbf04b93687feecac

INTERNATIONAL STANDARD

ISO 4309:2017(E)

Cranes — Wire ropes — Care and maintenance, inspection
and discard

1

Scope

This document establishes general principles for the care and maintenance, and inspection and discard

of steelsazire ropes used on cranes andhagists

In ad

discard criteria for those running ropes which are subjected to multi-layer spoolihg, whs
expelfience and testing demonstrate that deterioration is significantly greater at-the'crossd
the dfum than at any other section of rope in the system.

It als¢ provides more realistic discard criteria covering decreases in rop€e.diameter and c
givesfa method for assessing the combined effect of deterioration at any position in the roj

lition to guidance on storage, handling, installation and maintenance, this decumlent provides

re both field
Ver zones on

rrosion, and
e.

This document is applicable to those ropes used on the following types of cranes, the majority of which
are d¢fined in ISO 4306-1:

a)
b)
c)
d)
e)
f)
g)
h)
i)
i)
k)
I

m)

(@]

hble and portal cable cranes;

O

hntilever cranes (pillar jib, wall or walking);

deck cranes;

derrick and guy derrick cranes;
derrick cranes with rigid bracing;
floating cranes;

obile cranes;

=)

verhead travelling cranes;
pprtal or semi-portal-bridge cranes;
pprtal or semispertal cranes;

railway cranes;

tower cranes;

O @ ) . - . CA 3
unit supported by buoyancy forces.

on a floating

This document applies to rope on cranes, winches and hoists used for hook, grabbing, magnet, ladle,
excavator or stacking duties, whether operated manually, electrically or hydraulically.

It also applies to rope used on hoists and hoist blocks.

NOTE

In view of the fact that the exclusive use of synthetic sheaves or metal sheaves incorporating

synthetic linings is not recommended when single-layer spooling at the drum, due to the inevitability of wire
breaks occurring internally in large numbers before there is any visible evidence of any wire breaks or signs of
substantial wear on the periphery of the rope, no discard criteria are given for this combination.
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2 Norma

017(E)

tive references

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

1SO 4301-1:1986,Cranes and lifting appliances — Classification — Part 1: General

ISO 17893, Steel wire ropes — Vocabulary, designation and classification

3 Terms and definitions

For the purp

pses of this document, the terms and definitions given in ISO 17893 and the following

ISO and IEC paintain terminological databases for use in standardization at the following-addres

ISO Onli
IEC Elec

3.1

he browsing platform: available at https://www.iso.org/obp

ropedia: available at http://www.electropedia.org/

nominal diameter

d
diameter by

3.2
measured d
actual diam
dm
average of ty
the rope crog

3.3
reference di

dref
measured did

in the new rg

Note 1 to entr]

3.4

which the rope is designated

iameter
ter

/0 measurements, taken at right angles to-one another, of the diameter that circums
s-section

ameter

meter (3.2) of a section of rope that is not subject to bending, taken directly after ru
pe

y: This diameter is used as the baseline for uniform change in diameter.

crossover zone

that portion
drum or rise

3.5

of rope _coincident with a crossing over of one wrap by another as the rope travers
5 fromoné layer to the next at the drum flange

rribes

nning

bs the

wrap

one revolution of rope around a drum

3.6
reel
flanged spoo

1 on which rope is wound for shipment or storage

1) This edition of ISO 4301-1 has been provisionally retained.

2
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3.7

wire rope periodic inspection

in-depth visual inspection of the rope plus measurement of the rope and, if practicable, an assessment
of its internal condition

Note 1 to entry: If required, this may include an MRT (3.11) performed by a person competent in the operation of
MRT equipment and interpretation of trace data.

3.8

competent person
person having such knowledge and experience of wire ropes on cranes and hoists as is necessary for
that person to assess the condition of the rope, make a judgement as to whether it may remain in service
and stipulate the maximum time interval between inspections

Note 1 to entry: If an MRT (3.11) is required, it has to be performed by a competent person in‘that discipline.

3.9
valley wire break
wire break that occurs at the inter-strand contact point or valley area between two outer §trands

Note 1 to entry: Outer wire breaks that also occur within the rope anywheére*between one valley area and the
next 1 see Figure 1 — including any strand-core breaks, may also be regarded as valley wire bfeaks The red
lines ihdicate the contact points and the location of the valley breaks.

Figure 1 — Position of valley breaks

3.10
sevellity rating
amoujnt of deterioratipn'expressed as a percentage towards discard

Note 1 to entry: Thé kating may relate to either an individual mode of deterioration [e.g. broken wires, decrease
in diameter or loss’of metallic area as detected by MRT (3.11)] or the combined effect of more thap one mode of
deteripration, e:g/broken wires and decrease in diameter.

3.11
magietic rope test
MRT
non-destructive testing (NDT) based on the measurement of the magnetic flux leakage of a
magnetized rope

3.12

test head

device on that part of the MRT (3.11) instrument positioned around the rope during testing which
generates the magnetizing field and contains the detecting or sensing elements

© IS0 2017 - All rights reserved 3
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3.13

base trace

signals on the MRT (3.11) recording display as the rope travels through the test head on the first
occasion thatitis tested

Note 1 to entry: The trace is the datum against which future in-service deterioration effects are compared. The
trace reflects the construction of the rope and changes in magnetic characteristics of the rope along its length,

e.g. magnetic permeability differences.

3.14
local fault
local flaw

LF
short discon
strand nicki

3.15

tinuity in the wire rope, such as a wire break, welded wire, corrosion pjt er
g

loss of metalllic area

LMA
change in m|
area of the n

Note 1 to ent
abrasion/mec

ptallic cross-sectional area expressed as percentage of nominakmetallic cross-sec
EW rope

ry: Loss of metallic area is normally associated with damage(such as uniform corrosion,
hanical damage or wire breaks.

4 Care and maintenance

4.1 Gener

In the absen
and/or provi
shall be follo

4.2 Rope

al

fe of any instructions provided by the manufacturer of the crane in the operator’s m
ded by the manufacturer or supplietrof the rope, the general principles given in 4.2
wed.

replacement

Unless an al

ernative rope has been‘approved by the crane manufacturer, rope manufacturer or

competent person, only a rope pfithe correct length, diameter, construction, type and direction
and strengtH (i.e. minimum breaking force), as specified by the crane manufacturer, shall be ins
on the crane] A record of thexepe change shall be placed on file.

In the case of larger-diameter, rotation-resistant ropes, it may be necessary to apply additional 1
of securing the rope‘ends, e.g. through the use of steel straps or servings, particularly when prep
samples for testing;

inter-

tional

wear,

anual
to 4.7

other
of lay
talled

neans
aring

If the length pffope required for use is to be cut from a longer length, such as a bulk-manufacture

d reel

of rope, servings shall be applied at both sides of the intended cutting point to prevent the rope from
unlaying (i.e. unravelling) after the cut has been made.

Figure 2 shows an example of how a single-layer rope should be served before cutting. For rotation-
resistant and parallel-closed ropes, multiple-length servings may be necessary. An alternative method
for larger-diameter, rotation-resistant ropes is shown in Figure 3. Ropes that are only lightly preformed
are more likely to unlay/unravel after cutting, if inadequate or insufficient servings are applied.

NOTE Serving is sometimes referred to as “seizing”.

Unless an alternative rope termination has been approved by the crane manufacturer, rope
manufacturer or other competent person, only one of a type, as specified by the crane manufacturer
in the operator’s manual, shall be used to attach a rope to a drum, hook block or anchor point on the
machinery structure.
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It is beneficial to take a base trace for the MRT by testing the rope before installation or as soon as
practical after installation.

Key
L = 2d min

Figure 2 — Application of serving prior to cutting of single-layer type rope

© IS0 2017 - All rights reserved 5
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4.3 Offloading and storing the rope

To avoid acci

Reels or coil
truck or any

Ropes shoulg
They should
other corros

If outdoor st

Ropes in sto
and, if dee
which is co

In warm eny
lubricant fro

p

dents and/or damage to the rope, it should be offloaded with care.

of rope shall not be dropped, neither shall they be struck by a'metal hook or fork o
other external force that could damage or deform the rope,

| be stored in a cool, dry building and should not be allowed to be in contact with the
not be stored where they are likely to be affected by~chemicals, chemical fumes, ste
ve agents.

rage cannot be avoided, ropes should be covered so that moisture cannot induce corr

age shall be checked periodically for any signs of deterioration such as surface cort
d necessary by a competent person, dressed with a suitable preservative or lub
atible with the rope manufacturinglubricant.

ironments, the reel should be periodically rotated one half-turn to prevent drain
n the rope.

4.4 Condition of the rope prier to installation

Before installing the rope, and,preferably on receipt, the rope and its certificate should be chec}

ensure that

e rope is in a€cordance with that ordered.

Alternative serving and cutting method for large diameter rotation-resistant r

ope

Fa lift

floor.
Hm or

psion.
osion

ricant

hge of

ted to

The minimum breakingiforce of the rope to be installed shall not be lower than that specified by the
crane manufpcturer.

The diametef of the new rope shall be measured in a straight section with the rope under no te
and the valué(dy) recorded

nsion

Where a wire rope has been kept in storage for a period of time during which corrosion might have
occurred, it may be advantageous to perform visual inspection and an MRT.

Check the condition of all sheave and drum grooves to ensure that they are capable of accepting the size
of the new rope, do not contain any irregularities, such as corrugations, and have sufficient remaining

thickness to

safely support the rope.

The sheave groove diameter should be between 5 % and 10 % larger than the nominal rope diameter.
For optimal performance the groove diameter should be at least 1 % greater than the actual diameter
of the new rope.
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Installing the rope
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When uncoiling and/or installing a wire rope, every precaution shall be taken to avoid inducing turn
into, or out of, the rope. Allowing this to occur can result in the formation of loops, kinks or bends in the

rope,

rendering it unfit for use.

In order to prevent any of these developing, the rope should be paid out in a straight line with a
minimum of slack being allowed to occur (see Figure 4).

Rope supplied in a coil should be placed on a turntable and paid out straight; however, where the coiled
length is short, the outer rope end may be made free and the remainder of the rope rolled along the
ground [see Figure 4 a)].

A rope shall never be paid out by throwing off wraps when the coil or reel is flat on _the
rolling the reel along the ground (see Figure 5).

bround or by

For those lengths of rope supplied on a reel, place the supply reel and its supporting stand or cradle

as far
minin

Prote
matti

Be aw
order]
(see I
subst

As fai
pay o

away from the crane or hoist as possible, in order to limit any fleet ahgle effects t
hum and thus avoid any undesirable rotational effects.

hg (e.g. used conveyor belting), rather than allowing it to run directly on the ground.

are that a revolving reel of rope can have a high inertia,dn'which case it needs to be

hntially braked.

1t the rope from the top of the supply reel te‘the top of the drum on the crane or hois

as “tgp-to-top”), or from the underneath of the supply reel to the underneath of the drum

or ho

an absolute

ct the rope from any potential ingress of grit or other contaminants by running it on suitable

controlled in

to slowly pay out the rope. For smaller reels, this is ustially achieved by employing g single brake
igure 6). Larger reels have significant inertia oncéthey start to revolve and might need to be

as is practicable, ensure that the rope alwaysibends in the same direction during installation, i.e.

L (referred to
on the crane

st (referred to as “bottom-to-bottom’;).'For an example of “bottom-to-bottom”, see Figure 6.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=b061dc0b7c57e50dbf04b93687feecac

ISO 4309:2017(E)

b) From reel

Figure 4 — Correct procedures for uncoiling wire rope

8 © IS0 2017 - All rights reserved
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b) From reel

© IS0 2017 - All rights reserved 9
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c) From reel

Figure 5 — Incorrect procedures for uncoiling wire rope

.

Figure 6 — Example of transfer of wire rope from bottom of reel to bottom of drum with cantrol
of rope tension

For those ropes,that are subjected to multi-layer spooling, apply a back-tension to the rope during
installation ¢quivalent to about 2,5 % to 5 % of the minimum breaking force of the rope. This|helps
ensure that the+repe-en he-bottomlayeris-tighthrwoundforminsafirmbasefo Hetayers.

Follow the crane manufacturer's instructions for the securing of the ends of the rope at the drum and
outboard anchorages.

Protect the rope from rubbing against any part of the crane or hoist during installation.

4.6 Running-in the new rope

Before bringing the rope into full operation on the crane, ensure that all hoisting limiting and indicating
devices associated with the operation of the crane are correctly functioning.

In order to allow the components of the rope to better adjust to the normal operating conditions, the
crane should be operated at reduced speed and loading [i.e. down to 10 % of the working load limit
(WLL)] for a number of operational cycles.

10 © IS0 2017 - All rights reserved
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Maintaining the rope

Maintenance of the rope shall be carried out relative to the type of crane, its frequency of use, the
environmental conditions and the type of rope.

During the life of the rope, and before it shows any signs of dryness or corrosion — particularly over
those lengths which travel through sheaves and enter and exit the drum and those sections which are
coincident with a compensating sheave — the rope shall be dressed from time to time, as determined by
a competent person. In some cases, it may be necessary to clean the rope before applying the dressing
in order for it to be effective.

Ther

ope dressing shall be compatible with the original lubricant applied by the rope manu

facturer and

shall
the us

A sho
inac
perio

In or
protr
it ma
(see H
broke

have penetrating characteristics. If the type of rope dressing is not identified in the\c
er shall seek guidance from the supplier of the rope or the wire rope manufactucer.

Fter rope life is likely to result from a lack of maintenance, particularly if thegrane or
brrosive environment or, for whatever reason, no rope dressing can be applied. In sy
l between inspections shall be reduced accordingly.

ler to avoid any localized deterioration, which might otherwise“originate from a
ding excessively from the rope and overlying others when that®portion travels thro
y be removed by gripping the protruding end(s) and bending the wire backwards 3

n wire is removed from the rope as part of a maintenancelexercise, its location shoulg

for the information of the rope inspector. If such action is taken, this shall be counted as a

and t
broks

Whern
along
rema
would

hken into account when assessing the condition of-the rope in relation to the discar
n wires.

broken wires are evident close to or at the, termination, but the rope is unaffectg
its length, the rope may be shortened andthe terminal fitting refitted. Before this
ning length of wire rope shall be checkéd to ensure that the required minimum num
| remain on the drum with the crang at its most extreme operating limit.

rane manual,

hoistis used
ch cases, the

broken wire
igh a sheave,
nd forwards

igure 7), until it eventually breaks (invariably in the valley position between the strands). When a

be recorded
broken wire
d criteria for

bd elsewhere
is done, the
ber of wraps

4.8

Figure 7 — Removal of protruding wire

Maintenance of rope-related parts of the crane

In addition to following the instructions contained in the crane manual, winding drums and sheaves
shall be periodically checked to ensure that they rotate freely in their bearings.

NOTE

Stiff or jammed sheaves or rollers wear heavily and unevenly, causing severe abrasion of the rope.
Ineffective compensating sheaves can give rise to unequal loading in the rope reeving.

© IS0 2017 - All rights reserved
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5

Inspection

5.1 General

In the absence of any particular instructions regarding inspection provided by the manufacturer of
the crane in the operator’s manual and/or by the manufacturer or supplier of the rope, the general
principles for inspection given in 5.2 to 5.6 shall be followed.

5.2 Daily visual inspections

At least the j

objective of
attachment (

The rope sha
and has not |

Any appreciz
accordance V

f the rope to the crane (see Figure A.2).

1l also be checked to ensure that it is sitting correctly on the drum and ovepthe she
een displaced from its normal operating position.

ble change in condition shall be reported and the rope examined by @ gompetent per
vith 5.3.

If, at any ti

site and re-rigged, the rope shall be subjected to a visual inspection as.described in this subclausg.

The driver/dperator of the crane may be appointed to carry out:daily checks to the extent th

driver/oper

5.3 Periodlic inspections

5.3.1 Geng
Periodic insp

The informat

a) can safel
b) needsto
Through an ¢

the severity

60 %, 80 % ¢r 100 %) of‘the particular individual discard criteria or in words (e.g. “Slight”, “Meq

“High”, “Very

Any damage
assessed by :

, the rigging arrangement is modified, such as when the crane’has been moved to

or is sufficiently trained and considered competentte’carry out this action.

eral
ections shall be carried out by a competent person.

ion gained from a periodic inspection is to be used to assist in deciding whether a cran

be withdrawn immediately or within a specified timeframe.

ppropriate assessmént method, i.e. by visual means and/or measurement, or with an
of deterioratian)shall be assessed and expressed either as a percentage (e.g. 20 %,

high” or*Discard”).

that might have occurred to the rope prior to it being run in and entering service sh
h competent person and observations shall be recorded.

son in

p new

ht the

b rope

y remain in service and by which latest time it shall undergo its next periodic inspection, or

MRT,
10 %,
lium”,

all be

A list of the more common modes of deterioration and whether each can be readily quantified (i.e. by
counting or measuring) or needs to be subjectively assessed (i.e. by visual means) by the competent
person is given in Table 1.

12
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Table 1 — Modes of deterioration and assessment methods

Mode of deterioration Assessment method

Number of visible broken wires (including those which are randomly|By counting
distributed, localized groupings, valley wire breaks and those that are
at, or in the vicinity of, the termination)

Loss of metallic area caused by broken wires Visual, MRT

Decrease in rope diameter (resulting from external wear/abrasion, | By measurement
internal wear and core deterioration)

Loss pf metallic area caused by mechanism other than broken wires|Visual, MRT
e.g. cgrrosion, wear, etc.

Fractpre of strand(s) Visual

Corrdsion (external, internal and fretting) Visual, MRT

Deformation Visual and -bymeasurement (wave only)
Mechpnical damage Visual

Heat flamage (including electric arcing) Visual

For sgme examples of typical modes of deterioration, see Annex/B,

5.3.2] Frequency

The frequency of the periodic inspection shall be determined by the competent person, who shall take
account of at least the following:

a) the statutory requirements covering the application in the country of use;
b) the type of crane and the environmental conditions in which it operates;
c) the classification group of the meChanism;

d) the results of previous inspeetion(s);

e) ekperience gained from inspecting ropes on comparable cranes;

f) the length of time thie-rope has been in service;

g) the frequency of USe;

h) the crane manufacturer’s recommendations.

NOTE|1 ,Thecompetentperson can find it prudent to initiate or recommend more frequent periodicinspections
than thosewrequired by legislation. This decision can be influenced by the type and frequency of operation. Also,
depending on the condition of the rope at any time and/or whether there is any change in circumstances, such

as an incident or change in operating conditions, the competent person can deem it necessary to reduce or
recommend the reduction of the interval between periodic inspections.

NOTE2  Generally, ropes develop broken wires at a greater rate later in the life of the rope than in its early stages.

5.3.3 Extent of inspection
Each rope shall be inspected along its entire length.

However, in the case of a long length, and at the discretion of the competent person, only the working
length plus at least five wraps on the drum may be inspected. In such a case, and where a greater
working length is subsequently foreseen after the previous inspection and prior to the next one, that
additional length should also be inspected before the additional length of rope is used.
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Particular care shall nevertheless be taken at the following critical areas and locations:

chorage;

any section at, and in the vicinity of, a rope termination;
any section that travels through one or more sheaves;
any section that travels through a safe load indicator which incorporates sheaves;

any section that travels through the hook block;

se of cranes pprfm‘ming a repetitive operation any part of the rope that lies avera s

eave

a) druman

b)

c)

d)

e)

f) intheca
while th

g) that parf

h) any sect

i) those se
layer spc

j) anysect

k) any part

NOTE Fo

If the compe
internal dete
In this regar

5.3.4

The rope sh
termination,
dynamic effe

p crane is in a loaded condition;
of the rope which lies over a compensating sheave;
on that travels through a spooling device;

Ctions that spool on the drum, particularly crossover zones that are associated with
oling;

on that is subjected to abrasion by external features (e.g. hatch.combings);
of rope that is exposed to heat.

areas requiring particularly close inspection, see Annex.A:

rioration, this should be done with extreme care to avoid damaging the rope (see Ann
1, an MRT can provide an additional source 6fuseful information (see 5.6).

Inspection at, or in the vicinity of, a termination

all be inspected in the vicinity,of the termination, particularly where it enter
as this location is vulnerable to the onset of wire breaks due to vibration and
cts and, depending on the state of the environment, corrosion. Some probing with a

may be carried out to establish if there/is looseness in any of the wires, suggesting the existenc

broken wire
amounts of d

Additionally,
the material

Detachable t
broken wire
termination

within the termination:The termination itself should also be inspected for any exc
istortion and wear;

ferrules used_ in the securing of eyes or loops shall be visually inspected for any cra
and for evidénce of any possible slippage between the ferrule and the rope.

erminations such as symmetrical wedge sockets shall be inspected for evidence
5 in thewicinity of the entry of the rope into the termination and checked to see th
has'been correctly assembled.

multi-

fent person judges it necessary to open up the ropeto establish if there is any detrinjental

ex D).

s the
other
spike
e of a
pssive

cks in

f any
at the

Eye splices s
allowing the

5.3.5 Insp

remainder of the splice to be visually inspected for broken wires.

ection record

all be checked to see that the serving is only over the tapered section of the splice, thus

After each periodic inspection, the competent person shall provide a rope inspection record (for typical
examples, see Annex E), and state the maximum time interval that is not to be exceeded before the next
periodic inspection takes place.

Preferably, a

14

running record (see E.2), should be maintained.
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5.4 Inspection following an incident

If an incident has occurred that might have caused damage to a rope and/or its termination, the rope
and/or its termination shall be inspected as for a periodic inspection (see 5.3), prior to recommencement
of work or as required by the competent person.

NOTE Where a twin rope hoisting system is employed, it is often necessary to replace both ropes even if only
one has reached discard, because the new rope is larger than the one remaining and has a different elongation
property, which can both have an effect on the respective amounts of rope being paid out from the drum.

5.5 Inspection following period with crane out of operation

If the|crane has been out of operation for more than three months, the rope(s) shall underigo a periodic
inspeftion, as described in 5.3, prior to recommencement of work.

5.6 |Inspection by magnetic rope test method

An MRT may be used as an aid to periodic inspection to determine the location of those sedtions of rope
that gould be subject to deterioration.

If it i intended to carry out an MRT as an element in periodic inspection, the rope should|be subjected
to an finitial examination (base trace) as soon as possible in its lifefime to serve as a “datum” reference
point|(sometimes referred to as “rope signature”) for future cgmparison.

An MRT should be used where defects might exist which:miight not be identified by visupl inspection
alone|and shall be performed together with a visual inspection.

Where there is no specific International Standard available for the qualification of MRT devices
themselves, guidance should be taken from standards that cover the topics instrumgntation and
instryment verification, e.g. EN 12927 or ASTM.E157-11(2016)e1.

NOTE Some limitations of MRT are
— i can only be used for ferromagneticsteel ropes,
— where the gap between the epds.of broken wires is smaller than the sensitivity of the instrument, and

— a|rope has restricted access-for the measuring instrument e.g. near end terminations or equalfzer pulleys.

6 Discard criteria

6.1 |General
In thg absence of any instructions provided by the manufacturer of the crane in the operdtor's manual

or provided by the supplier or manufacturer of the rope, the individual discard criteria given in 6.2 to
ﬂs]l]l £ e . " teria : Fy

As deterioration often results from a combination of different modes at the same position in the rope,
the competent person shall assess the “combined effect”, one method of which is described in Annex G.

If, for whatever reason, there is a noticeable change in the rate of deterioration of the rope, the reason
for this shall be investigated and, wherever possible, corrective action taken. In extreme cases, the
competent person may decide to discard the rope, reduce the time for the next periodic inspection, or
amend the discard criteria, for example by reducing the allowable number of visible broken wires.

In those instances where a rope of long length has suffered deterioration over a relatively short section,
the competent person may decide that it is not necessary to discard the whole length of rope, provided
that the affected section can be satisfactorily removed and the remaining length is in a serviceable
condition.
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6.2 Visible broken wires

6.2.1 Criteria for visible broken wires

The discard criteria for the various natures of visible broken wire shall be as specified in Table 2.

Table 2 — Discard criteria for visible broken wires

Nature of visible broken wire Discard criteria

1 Wire breaks occurring randomly in sections of rope | See Table 3 for single-layer and parallel-closed
which run through one or more steel sheaves and|and Table 4 for rotation-resistant ropes.

ropes

spdol on and off the drum when single-layer spooling
or ¢ccurring at sections of rope which are coincident
with cross-over zones when multi-layer spoolinga

2 Logalized grouping of wire breaks in sections of|If groupingis concentrated in one or. two neighb
roge which do not spool on and off the drum strands it might be necessary to-discard the
even if the number is lower thaii'the values

length of 6d, which are given)in Tables 3 and

uring
rope,
ver a
4.

3 Vallley wire breaksb Two or more wire breaks-in a rope lay lengt
proximately equivalentto a length of 6d)

h (ap-

4 Wile breaks at a termination Two or more wirebreaks

a For afypical example, see Figure B.2.
b For afypical example, see Figure 8 and Figure B.3.

6.2.2 Use pf Tables 3 and 4 and rope category number

If the rope is|a single-layer or parallel-closed rope, as shéwn in Annex H, apply the corresponding
category number (RCN) and read off the discard values in Table 3 for broken wires over a len
6d and 30d. [f the construction is not shown in Annex H, determine the total number of load-bsg
wires in the frope (by adding together all of the wiires in the outer layer of strands except for any
wires) and rgad off the discard values in Table*3 for broken wires over a length of 6d and 30d f
appropriate fonditions.

If the rope i3 a rotation-resistant rope, as shown in Annex H, apply the corresponding RCN and
off the discard values in Table 4 for broken wires over a length of 6d and 30d. If the construction
shown in Anhex H, determine the.number of outer strands and the total number of load-bearing
in the outer lpyer of strands inthe rope (by adding together all of the wires in the outer layer of st

F rope
bth of
aring
filler
br the

read
is not
wires
rands
of 6d

operatlon such as bendlng fatlgue on Wthh the Values in Tables 3 and 4 are largely based they would
not normally be counted when inspecting the rope for broken wires. Their existence, however, if

discovered, should be recorded, as this can assist future inspections. The competent person shal
this factor into account when carrying out a periodic examination. See Figure 8.

| take

In the event that such broken wires are found to have their ends protruding from the rope and it is
considered that leaving them unattended might lead to the development of some potential localized

deterioration, they shall be removed (for removal, see 4.7).
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Figure 8 — Flexing a rope can often expose broken wireshiidden in valleys betweé¢n strands

6.2.4| Single-layer and parallel-closed ropes

Taljle 3 — Number of wire breaks, reached or eéxceeded, of visible broken wires occurring in
single-layer and parallel-closedropes, signalling discard of rope

Number of visible broken outer wiresb
Sections of rope working in steel sheaves Sectionps of rope
and/or spooling on a single-layer drum spooling on a
Rgpe Total number of (wire breaks randomly multi-lqyer drumc
(;?angl?;}', load-bearing wires distributed)
(REN) in the outer layer 0f) | Classes M1 to M4 (ISO 4301-1:1986) or class All ¢lasses
strands in the ropéa unknownd
AnglsifiH) n Ordinary lay Lang lay Ordinary and Lang lay
Over a Overa Over a Overa Over a Overa
length length length length length length of
of 6de of 30d e of 6de of 30d e of 6d ¢ 30de
g1 n<50 2 4 1 2 4 8
g2 51<n<75 3 6 2 3 6 12
d3 76 <n <100 4 8 2 4 8 16
04 101 <n<120 5 10 2 5 10 20

NOTE Ropes having outer strands of Seale construction where the number of wires in each strand is 19 or less (e.g.
6 x 19 Seale) are placed in this table two rows above that row in which the construction would normally be placed based on
the number of load bearing wires in the outer layer of strands.

a  For the purposes of this document, filler wires are not regarded as load-bearing wires and are not included in the
values of n.

b Abroken wire has two ends (counted as one wire).

¢ The values apply to deterioration that occurs at the cross-over zones and interference between wraps due to fleet
angle effects (and not to those sections of rope which only work in sheaves and do not spool on the drum).

d  Twice the number of broken wires listed may be applied to ropes on mechanisms whose classification is known to be
M5 to M8 [ISO 4301-1:1986].

e  disthe nominal diameter of rope.
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Table 3 (continued)

Number of visible broken outer wiresb
Sections of rope working in steel sheaves Sections of rope
R and/or spooling on a single-layer drum spooling on a
ope Total number of (wire breaks randomly multi-layer drumc
iﬁ:ffﬁg load-bearing wires distributed)
(RCN) in the outer layer of | classes M1 to M4 (ISO 4301-1:1986) or class All classes
strands in the ropea unknownd
see
Anglex H) n Ordinary lay Lang lay Ordinary and Lang lay
Over a Over a Over a Over a Over a Over a
length length length length length length of
of6de of 30d e of6de of 30d e of 6d e 30( e
05 121 <n <140 6 11 3 6 12 2R
06 141<n<160 6 13 3 6 12 2p
07 161 <n<180 7 14 4 7 14 2B
08 181 <n <200 8 16 4 8 16 3R
09 201<n<220 9 18 4 9 18 3pb
10 221<n<240 10 19 5 10 20 3B
11 241<n<260 10 21 5 10 20 4p
12 261 <n <280 11 22 6 11 22 44
13 281<n<300 12 24 6 12 24 4B
n>300 0,04 xn 0,08 xn 0,02% n 0,04 xn 0,08 xn 0,14 x n
NOTE Rope$ having outer strands of Seale construction where thé, number of wires in each strand is 19 or legs (e.g.
6 x 19 Seale) afe placed in this table two rows above that row in whichthe construction would normally be placed baged on
the number of joad bearing wires in the outer layer of strands.
a  For the pyrposes of this document, filler wires are not*tegarded as load-bearing wires and are not included |in the
values of n.
b Abroken Wire has two ends (counted as one wire):
¢ The value apply to deterioration that occuxs at the cross-over zones and interference between wraps due tp fleet
angle effects (dnd not to those sections of rope #Which only work in sheaves and do not spool on the drum).
d  Twice the humber of broken wires listéd hfay be applied to ropes on mechanisms whose classification is know to be
M5 to M8 [ISO¥#301-1:1986].
e disthe nominal diameter of ropes-
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rotation-resistant rope, signalling discard of rope

Table 4 — Number of wire breaks, reached or exceeded, of visible broken wires occurring in

Rope category
number (RCN)

Number of outer
strands and
total number
of load-bearing
wires in the
outer layer of

Sections of rope working in steel

Number of visible broken outer wiresb

sheaves and/or spooling on a
single-layer drum

(wire breaks randomly distrib-

Sections of rope spooling
on a multi-layer drumc¢

d

(see Annex H) strands in the uted)
ropea Over a length Over a length Over a length Oyer alength
n of 6d d of 30d d of 6dd of 30d d
21 4;3?385 2 4 2 4
22 3 01;14251t(1;%nds 2 4 P 3
Atleast 11 outer
strands
23-1 71<n<100 2 4 4 8
23-2 101<n<120 3 5 5 10
23-3 121 <n<140 3 R) 6 11
24 141 <n<160 3 6 6 13
25 161 <n<180 4 7 7 14
26 181 <n <200 4 8 8 16
27 201<n<220 4 9 9 18
28 221<sn <240 5 10 10 19
29 241<n<260 5 10 10 21
30 261 <n <280 6 11 11 22
31 281<n<300 6 12 12 24
n>300 6 12 12 24
NOTE| Ropes having outer strands of Seale construction where the number of wires in each strand is [19 or less (e.g.
18 x 19 Seale - WSC) are placed in this table two rows above that row in which the construction would norrpally be placed
based|on the number of wires in the outer layer of strands.
a  For the purposesiofithis document, filler wires are not regarded as load-bearing wires and are not included in the
valueg of n.
b Albroken wirehas two ends.
¢ The values apply to deterioration that occurs at the cross-over zones and interference between wraps due to fleet
angle pffects (and not to those sections of rope that only work in sheaves and do not spool on the drum).

s the omimat diameter of Tope.

6.3 Magneticrope test (MRT)

When performing an MRT, the competent person shall have knowledge of at least one or the other of the
following for determining LF:

— the diameters and quantities of all wires in the rope that is subject of the MRT;

— the maximum wire diameter and the metallic rope cross-section of the rope that is subject of the MRT.

In addition, for determining, LMA, the competent person shall be at least in possession of the metallic
rope cross-section.

This information should be provided by the manufacturer or supplier of the rope.

© IS0 2017 - All rights reserved
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The discard criteria for MRTs are given in Annex C. If the wire breaks found by an MRT can be identified
as outer wire breaks in a visual inspection, the competent person may use Table 3 in or Table 4 instead

of Table C.1.

6.4 Decrease in rope diameter

6.4.1 Uniform decrease along the rope

The discard criterion values for uniform decrease in rope diameter for sections of rope which spool on
a single-layer drum and/or run through a steel sheave are shown, in bold, in Table 5. They do not apply
ions of rope which are coincident with crossover zones or other sections of rope which are

to those sect
similarly def]

The calculat
nominal diay

Table 5 also §
diameter of
60 %, 80 %
75 % and 10

brmed as a result of spooling on a multi-layer drum.

on to determine the amount of decrease in diameter and expression as a percentage of
heter of rope is given in 6.4.2.

hows the equivalent uniform decreases in diameter, expressed as a pericentage of nominal
ope, for severity ratings expressed in increments, for convenience, of 20 % (i.e. 20 %, 40 %,
ind 100 %). Other severity ratings, e.g. expressed in increments-0f25 % (i.e. 25 %, 50 %,
D %), may also be selected.

Table 5 — Uniform decrease in diameter signalling discard of rope.-- Rope spooling on a single-

layer drum and/or running through a steel sheave

Uniform decrease in diameter Severity rating
Rope type (expressed as percentage of nominal L.
diameter) Description Percentage,|%

Less than 6 % — 0

6 % and over but less than'j % Slight 20

Single-layer rope 7 % and over but less than 8 % Medium 40
with fibre core 8 % and over but [ess than 9 % High 60
9 % and over but less than 10 % Very high 80
10'% and over Discard 100

LéSs than 3,5 % — 0

3,5 %7and over but less than 4,5 % Slight 20

Single-layer rope 4,5% and over but less than 5,5 % Medium 40

with stegl core )

6,5 % and over but less than 7,5 % Very high 80
7,5 % and over Discard 100

Lessthan 1 % — 0

1 % and over butless than 2 % Slight 20

2 % and over but less than 3 % Medium 40

Rotation-resistant rope

3 % and over but less than 4 % High 60

4 % and over but less than 5 % Very high 80
5 % and over Discard 100

20
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6.4.2 Calculation to determine actual uniform decrease in diameter and expression as
percentage of nominal rope diameter

Actual uniform decrease in diameter expressed as a percentage of nominal diameter is calculated using
Formula (1):

[(dref — dm)/d] x 100 (%) (1)
where
dref is the reference diameter;

d}y, is the measured diameter;
d| isthe nominal diameter.

EXAMPLE1 For a 40 mm diameter 6 x 36-IWRC rope having a reference diameter9f 41,2 mm gnd measuring
39,5 mim at inspection, the percentage decrease is equal to

[[41,2 - 39,5)/40] x 100 = 4,25 %
NOTE[1  From Table 5, the severity rating for uniform decrease in diamet€ynis 20 % towards discdrd (i.e. slight).

NOTE[2 Discard is reached when the rope decreases from the reference diameter by an amount equivalent to
7,5 % pf nominal diameter, i.e. 3 mm. In this case, the diameter at discard would be 38,2 mm.

EXAMPLE 2  For the same rope, but measuring 38,5 mm at inspection, the percentage decrease is equal to
[[41,2 - 38,5)/40] x 100 = 6,75 %

NOTE[3  From Table 5, the severity rating is 80 % (i.€/very high).
6.4.3| Local decrease

If there is an obvious local decreasé in diameter, such as that caused by failure of a fore or rope

centrg, the rope shall be discarded (for an example of a decrease associated with a sunken strand, see
Figure B.5).

6.5 |Fracture of strands

If a cqmplete strand fragture occurs, the rope shall be immediately discarded.

6.6 |[Corrosion

The djiscard,criteria and intermediate severity ratings for corrosion are given in Table 6.

Wher] assessing the extent of corrosion, it is important to recognize the difference betweden corrosion
of the wires and any corrosion on the rope surface that is associated with the oxidation of foreign
particles.

Therefore, before making an assessment, the rope sections undergoing inspection shall be wiped or
brushed clean. The use of solvents for cleaning should be avoided.
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Table 6 — Discard criteria for corrosion and intermediate severity ratings

Type of co

rrosion Condition Severity rating

External corrosiona

Signs of surface oxidation but can be wiped
clean

Superficial — 0 %
High — 60 %c¢

Wire surface rough to touch Discard — 100 %

Wire surface heavily pitted and slack wiresb

Internal corrosiond

Discard — 100 %

or

Obvious visible signs of internal corrosion
— l.e. corrosion debris exuding from the
valleys between the outer strandse

ifdeemed pvqt‘fiﬁ')l‘\]o l‘\y the compe-

in accordance with the proce
described in 6.3 or Annex (|

tent person, internal examina:jtllijon

re

Fretting cor

Evidence of such a characteristid
should be furtherinhvestigated a
there is any doubtabout its seve

"osion The process of fretting involves the removal of
fine particles of steel from the wires due to dry

wires and strands constantly rubbing together

nd if
rity,

and then oxidizing and creating internal cor- |the rope should-be discarded (140 %).
rosion debris, which manifests itself as a dry
powder, similar to a red rouge.
a For ekamples, see Figures B.6 and B.7. For an example of the progression-of external corrosion in a rope, see
Annex 1.
b For apy other intermediate condition, an assessment should be madeé\as to its severity rating (i.e. contripution
towards the cdmbined effect).
c The gxidation of zinc-coated wires can result in a wire surfacewhich is also rough to the touch, but the qverall
condition might not be as serious as wires which are not coated. In such cases, the inspector may consider applying allower
contribution tgwards the combined effect to that given above in this table.
d For afp example, see Figure B.8.
e Assedsment of internal corrosion is subjective without’MRT. However, if there is any doubt about the seriofisness
of any internal|corrosion, the rope should be discarded.
NOTE An|increase in diameter can result from/internal or fretting corrosion.
6.7 Deformation and damage
6.7.1 Gengeral
Visible distoftion of the ropeyfrom its normal shape is classified as deformation. It usually resultg in an
uneven stregs distribution’i the rope in the area of the deformation, often found to be localized.
Deformation|and daniage can manifest themselves in a number of ways and the discard criteria fpr the

more commg

n typesare given in 6.7.2 to 6.7.10.

Any rope corj

sidered to be in a dangerous condition shall be immediately discarded.

6.7.2 Waviness

The rope shall be discarded if, under any condition, either of the following conditions exists (see

Figure 9):
a)

drum, the gap between a straight edge and the underside of the helixis 1/3 x d or greater;

b)

straightedge and the underside of the helixis 1/10 x d or greater.

For an example of wavy rope, see Figure B.9.

22

on a straight portion of rope, which never runs through or around a sheave or spools on to the

on a portion of rope, which runs through a sheave or spools on to the drum, the gap between a
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Key
d nominal rope diameter

g gap

Figure 9 — Waviness of rope

6.7.3| Basket deformation

Ropes with a basket or lantern deformation (see Figure B.10) shall be immediately discarded or,
provifled the remaining length of rope is in a serviceable condition, havethe affected sectipn removed.

6.7.4| Core or strand protrusion or distortion

Ropes with core or strand protrusion (see Figures B.11, B.12 and B.13) shall be immediat¢ly discarded
or, prpvided the remaining length of rope is in a serviceable condition, the affected sedtion shall be
removed.

NOTE This is a special type of basket or lantern deformation, in which the rope imbalance is|characterized
by either protrusion of the core or centre between thelouter strands of the rope or protrusion of aph outer strand
of thefrope or strand of the core.

6.7.5| Protruding wires in loops

Ropes with protruding wires, usually 0Ccurring in groups on the opposite side of the rope to that which
is in dontact with a sheave groove,shall be immediately discarded (see Figure B.14).

NOTE Evidence of a single king wire from the core that protrudes between the outer strands of the rope may
not ngcessarily be a reason forydiscard, provided that it can either be removed or does not interfg¢re with other
elements of the rope during-operation.

6.7.6| Local increase in rope diameter

If the|rope didmeter increases by 5 % or more for a rope with a steel core or 10 % or mdre for a rope
with p fibre core during service, the reason for this shall be investigated and considerafion given to
discarding the rope (see Figure B.15).

NOTE An increase in rope diameter that might affect a relatively Tong Iength of the rope, such as that
resulting from the swelling of a natural fibre core, can occur due to excessive absorption of moisture, creating
imbalance in the outer strands, which become incorrectly oriented.

6.7.7 Flattened portion

Flattened portions of rope which run through a sheave are likely to deteriorate more quickly and
exhibit broken wires. In such cases, but depending on the extent of the flattening, consideration may be
given to discarding the rope.

Flattened portions of rope in standard rigging can suffer a greater degree of corrosion than other non-
affected portions, more so when the outer strands open up and allow ingress of moisture. If retained in
service, they shall be inspected more frequently; otherwise, consideration should be given to discarding
the rope.
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It is possible for flattened portions of rope, which result from multi-layer spooling, to not give rise to
discard, providing the numbers of broken wires associated with the flattening do not exceed the values
given in Tables 3 and 4.

Figures B.16

and B.17 illustrate two different types of flattening.

6.7.8 Kink or tightened loop

Ropes with a kink or tightened loop shall be immediately discarded (see Figures B.18, B.19 and B.20).

NOTE
without allow,

ing for rotation about its axis. Imbalance of lay length occurs which causes excessive wear

A kink or tightened loop is a deformation created by a loop in the rope, which has been tightened

nd, in

severe cases, {

6.7.9 Bend in rope

Portions of 1
exhibit broke

If the degres

inspected m¢re frequently; otherwise, consideration should be given to dis¢carding the rope.

NOTE Be

The decision|
underside of

6.7.10 Dam

Ropes that are not normally operated at temperature;\but have been subjected to exceptionally

thermal effe
and/or a dist

If two or mg

incorrectly grounded welding leads, the repe shall be discarded. This can occur at the point whe

current ente

he rope becomes so distorted that it only has a small proportion of its strength remaining?

ope with a severe bend which run through a sheave are likely to quicklyydeteriorat
n wires. In such cases, the rope shall be immediately discarded.

b of bend is not considered to be severe and the rope is retained/in service, it sh

hds are angular deformations of the rope, caused by external influences.

as to whether or not the bend is severe is subjectivelf there is a fold in the rope ¢
the bend, this should be considered severe, whether'or not the rope runs over a shea

age due to heat or electric arcing

cts, externally recognizable by the associated heat colours produced in the steel
inct loss of grease from the rope, shall-be immediately discarded.

re wires have been affected loeally, due to electric arcing, such as that resulting]

s or leaves the rope.

e and

all be

n the
ve.

' high
wires

from
re the
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Annex A
(normative)

Key areas requiring particularly close inspection

See Figures A.1 and A.2.

Key

1 sections spooling on drum at point of load being lifted and other sections suffering greatest interference
(usually coinciding with maximum fleet angle)

2 section(s) entering block sheave(s) at point of load being lifted

3 sections in direct contact with compensating sheave, particularly at points of entry

Figure A.1 — Single-layer spooling
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Key

AW N R

26

crossover

section where rope.enters head sheave at point of load being lifted

section(s

point of aftachment to crane

zones and those sections suffering greatest interference (usually coinciding with maximum fleetfangle)

entering bottom block sheave(s) at point of load being lifted

Figure A.2 — Multi-layer spooling
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Annex B
(informative)

Typical modes of deterioration

Table B.1 shows the defects which can occur and the corresponding discard criteria. Figures B.1 to B.20
show a typical example of each defect.

Table B.1 — Defects occurring in wire rope '<\
A
Figure Defect @iﬂflausv/ Table
B.1 External wear ‘0\\).’5.3.1 Table 1
B.2 Crown wire breaks A W= 6.4
B.3 Valley wire breaks K 84 Y.
B.4 Internal wire breaks (}\\\ 6.2
B.5 Local reduction in rope diameter (sunken strand)’\Q - 6.4
B.6 External corrosion 6.4
B.7 Enlargement of Figure B.6 , \\\\ ) 6.4
B. Internal corrosion 0’\\« 6.4
B9 Waviness \\\S\v 6.7.2
B.10 Basket deformation . 0.® 6.7.8B
B.11 Core protrusion — Single-laygl\&;e 6.7.4
B.12 Protrusion of inner rope gf}‘ekeation-resistant rope 6.7.4
B.1 Strand protrusion/distofbion 6.7.4
B.14 Wire protrusion 6.7.6
B.15 Local increasejg&‘of)e diameter due to core distortion 6.7p
B.16 Flattened ppl(‘u};l 6.7
B.17 F lattenqdy?)'rjtion 6.77
B.1 Kink (positive) 678
B.19 I@mﬁegative) 6.7.8
B.20 Jximk 6.78
N

s
)
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Figure B.2 — Crown wire breaks
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WV

Figure B.3 — Valley wire:breaks
B

Figure B.4 — Complete rope sh n on left and same rope with outer strands removed shown on
right. Illustrates absenc@ xternal wire breaks, but presence of internal wire|breaks

O

Figure B.5 — Local reduction in rope diameter (sunken strand)
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Figure B.6 — External corrosion b(‘b

‘h{"l.

o SR e

S A————

T S

o,
éQv Figure B.7 — Enlargement of Figure B.6
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Figure B.8— Internal corros

Figure B.9 — Waviness

31
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Figure B.10 — Basket deformation b(‘b

~—
-

Figure B.11 —(:?&e protrusion — Single-layer rope
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B

Figure B.12 — Protrusion of inner@e of rotation-resistant rope

N

: ’7-‘/?/ %’f;ﬁ:‘:\

—

Figure B.13 — Strand protrusion/ distortion

§
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Figure B.14 — Wire protrusion b(‘b

~
-

Figure B.15 — Local i@se in rope diameter due to core distortion

Figure B.16 — Flattened portion
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Figure B.17 — Flattened portion

~
-

O@Figure B.18 — Kink (positive)

@)

Figure B.19 — Kink (negative)
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Annex C
(informative)

Discard criteria for MRT

Local fault (LF)

For tllne calculation of the loss of metallic area resulting from wire breaks, the actual dia

broke
the rq
resulf
metal

Tabl

The
area i

wher

9
A

0

EXAMPLE Forrotation-resistant rope — RCN 23-2 with a metallic area of 240 mm?2 and a max.

of 1,44

NOTE
of the

n wires should be determined. If this is not possible, the maximum wire diameéter o
pe excluding filler wires may be taken into account for the calculation. The lass of
ing from LF is determined independently of the rope construction. The discard valy
lic area can be read over a length of 6d or over a length of 30d from Table C.1.

e C.1 — LF-MRT discard criteria — Maximum permissible loss0f metallic area

meter of the
the wires in
metallic area
es for loss of

for all rope

constructions
Loss of metallic area
%
Over a length of 6d 6
Over a length of 30d 10
d = nominal diameter of rope

alculation for determining the maximum ntimber of broken wires based on 6 % lo
s as follows:

Max. no. broken wires = ¢*A*4/ (T*0max"2)

is the maximum allowable total loss of metallic area (6 % over 6d);
is the metallic cross-sectional area of rope (from test certificate);

axis the diameter’of maximum diameter wire.

mm, then the maximum number of allowable broken wires for 6d = 9.

[fthe actual metallic cross-sectional area value for the rope is not known, it can be cal
metallic cross-sectional area factors listed in ISO 2408.

s of metallic

wire diameter

tulated by use

C.2

Loss of metallic area (LMA)

For the determination of the discard due to LMA the whole metallic rope cross-section is used. The
loss of metallic area read from MRT measuring system is determined independently of the rope
construction. The maximum discard values for loss of metallic area over a length of 30d are given in
Table C.2.

© IS0 2017 - All rights reserved
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Table C.2 — LMA-MRT — Maximum permissible loss of metallic area for all rope
constructions of rope

Loss of metallic area
%

Over a length of 30d 10

d = nominal diameter of rope
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Annex D
(informative)

Internal examination of rope by use of clamps

General

Whern
is not
defor

0ppo9
Not a
condi

If car
condi

NOTE
after 1
be uns
assumn

D.2

kion.

fion of the rope and should be carried out with no tension atdll in the rope.

e the competent person decides that an internal examination is necessary in seryice
possible, this should be done with extreme care, thus avoiding permanently(dam
ming the rope. Practically, this is more readily performed when the rope is.lying on
ed to being up in the air.

1 types and/or sizes of rope can be sufficiently opened up to permit-assessment of t

ied out, this is usually limited to a position where visual evidence creates doubt as t

Experience of rope deterioration can be gained by subjecting discarded rope to a detaile
emoval from service, involving unlaying the rope and expgsing its inner elements, which wo
een when inspecting the rope in service. This has occasionally revealed a more serious cond
ed during routine periodic visual inspection, even to.the point where fracture of the rope is

Procedure

D.2.

a)

0

b) npade from a material which allows the rope to be opened up without slipping and damag

To as

Rotat]
move
exces

Whern

Firmllly

General examination of rope
attach two clamps to the rope [see Figure D.1 a)] and note their position. The jaws 3

f a size capable of gripping-the rope without distorting it, and

ist this process, thejaws may incorporate inserts, such as those made from leather.

e the clamps’in/the opposite direction to the rope lay, such that the outer strands
away fromithe core or rope centre, thus opening up the rope. Ensure that the str
cively displaced.

thé.rope opens up a little, a small probe, such as a T-needle (modified screwdriver)

and an MRT
hging and/or
the floor, as

heir internal

the internal

1 examination
uld otherwise
tion than was
mminent.

hould be

ring the rope.

separate and
ands are not

can be used

to rey

hove grease or debris which might otherwise hinder observation of the interior of th

b rope.

The following should be observed:

b

the degree of any corrosion;

any indentation of the wires (resulting from pressure or wear);

e easily visible);

the state of the internal lubrication.

the presence of any broken wires in the outer strands and in the core or rope centre (these might not

A service dressing (lubricant) should be applied at the opened section of rope before closing up the rope.
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The clamps should be rotated with moderate force to close up the rope and ensure correct replacement
of the outer strands around the core or rope centre. This often necessitates taking the jaws just past
their original starting position.

After removing the jaws, but before allowing the crane to return to normal operation, the rope should
be dressed in the vicinity of where the examination was undertaken.

D.2.2 Examination of rope adjacent to a termination

At such positions, it is sufficient to only use one clamp since the end anchorage system, or a bar suitably
located through the end portion of the termination, usually ensures the immobilization of the outer end

[see Figure D-1-b}

The examindtion should be carried out as in D.2.1.

a) Of a continuous portion of rope (zero tension)
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Q9 Figure D.1 — Internal examination
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Annex E
(informative)

Typical examples of inspection records

E.1 Visual inspection — Single record

[
Crane referdnce Rope application

Rope details
Brand name (if known)
Nominal diameter .mm
Construction
Corea: [WRC [FC WSC

Wire finisha: Uncoated Zinc/Gal.

Direction and type of laya: (Right) sZ zZ Z (Left) zS sS S

Permissible fumber of visible broken outer wires in 6d and int30d
Reference digmeter .mm
Permissible decrease in diameter from reference diameter mm
Date installed (yy/mm/dd) Date discarded (yy/mmydd)
Visible brokgn outer Diameter Corrosion Damage Position | Overdll as-
wireg and/or deformation | inrope | sessinent
Number | Spverity |Measured| Actual | Severity | Severity | Severity | Nature 1'%_ fin
inlength | 1fatingb | diameter | decrease. | \watingb | ratingb | ratingb 1ne
of from ref- Sev rLty
erence rati g at
posifion
6d |30d| 6(d |30d mm mm indidated

Other observptiofisfcomments

Performanceltodate (cycles/hours/days/months/etc.)

Date of inspection (yy/mm/dd)

Name (print) of competent person Name (signature)
a Tick as applicable.
b Describe degree of deterioration as: slight, medium, high, very high, or discard.

E.2 Visual inspection — Running record

42 © IS0 2017 - All rights reserved
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E.3 Magnetic Rope Testing — Report

Wire rope gpecification:

Crane reference: Date:

Crane location: Inspector:

Application: Length inspected:

. nstumentdetails |
Instrument Used:

Data Recorder: Magnetic head:

Sensors: Speed:

Nominal digmeter: Manufacturer: \(b\)’
Constructign: Installation: O\ v
Last test: Original certificate: \%V
Start - Rope¢ end Finish - Rope end )
Remarks: Q
LMA Trace Q
A
LF Trace ‘\\)
Name of competent person \‘{\Q
Signature . ®$
4\
<O
O
>
o
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Annex F
(informative)

Useful information on rope deterioration and discard criteria

F.1 Broken wires

b)

d)

eneral — Randomly distributed

the case of single-layer (such as six- and eight-strand ropes) and parallel{close
nning through steel sheaves, broken wires usually occur randomly along-the rope
own positions, i.e. the external surfaces of the outer strands. Often’stuch broke
sociated with areas of external wear.

[ e e Tl e

the case of rotation-resistant type ropes, there is a possibility that'the majority of |
cur internally and would be difficult to detect when carryingyout a visual inspec
ason, the allowable number of visual broken wires for d«otation-resistant rope
at for a single-layer or parallel-closed rope. Tables 3 and‘4/reflect the above-menti
deed experience with MRT has determined that extensive internal wire breaks can o
NY visible external wire breaks. Accordingly, an MRT is recommended for the ex
rptation-resistant rope constructions (particularly ®epes consisting of 3 or more laye
here internal inspection using clamps etc. is inétfective).

—_— = O =

applications where the predominant mode.ef deterioration is bending fatigue, broker
occur after a certain number of operating cycles. However, this number progressiv
er time, in which case, it is recommended that careful periodic inspection and rec
mber detected be undertaken with'a view to establishing the rate of their increase.

n then be used to propose a futlirg date for the next periodic inspection.

O 5 O o =

ossover zones (multi-layer'spooling)

r those machines with ropes which are subjected to multi-layer spooling at th
pected that the pringipal mode of deterioration would be broken wires and de
e crossover zones_As testing and experience has shown that the performance o
drastically reduced at these positions, compared with those sections of rope {
n through sheaves, these zones become the focus of attention of the competent p
riodic roperinspection.

T S o @

calized

1 type ropes
ht the strand
b wires are

broken wires
fion. For this

is less than
bned factors.
ccur without
amination of
s of strands

h wires begin
ely increases
brding of the
This premise

b drum, it is
formation at
f a rope can
vhich simply
brson during

are localized

[§isdifficult to put a precise figure on the number of allowable broken wires when they

or concentrated In any one strand. In some cases, localized broken wires can be repeated each lay
length, often beginning with localized areas of wear. In such cases, the number of allowable broken
wires is decided on by the competent person, but is less than the numbers stated in Tables 3 and 4.

Valley wire breaks

One valley break can be indicative of internal rope deterioration, hence the need
inspection of this section of rope. More particularly with smaller rope sizes, such

for a closer
wire breaks

can sometimes be exposed by displacing the rope from its normal position and flexing it under no

tension. If two or more valley breaks are found in one lay length, it should be assumed

that the core

or centre of the rope is not fully supporting the outer strands. In this regard, an MRT can provide

an additional source of useful information.
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F.2 Decrease in diameter

A decrease in rope diameter can result from a number of factors, one of which is external wear. It can
be general or localized and usually results from contact with sheaves or drums or from pressure of
rope on rope, as would be expected at the crossover zones as the rope traverses the drum. Wear can
be uniform along or around the rope, or can occur along one side of the rope. If the wear is uneven, the

cause should

be ascertained and, if possible, corrective action taken.

More pronounced amounts of wear are usually found in those sections of rope which are in contact
with the grooves of sheaves and drums when the load is being accelerated or decelerated.

A lack of lub

rication or incorrect lubrication and the presence of abrasive dust and grit can also

ffect

the rate of w

In addition {
diameter can

Car.

o the obvious visible mode of deterioration described above (in this clause);’the
also decrease as a result of one or a number of internal mechanisms, such as

rope

a) internalwear and wire indentation,

b) internalwear caused by friction between adjacent strands and wires in the¥gpe, particularlyjwhen
itis subjected to bending,

c) deteriorption of a fibre core or fracture of a steel core, and

d) fracture|of the inner layers of strands of a rotation-resistant rope.

By reducing the metallic cross-sectional area of the rope by weay, the strength of the rope is reduded. In

this regard, 4

F.3 Corrd

Corrosion oq
the strength
causing an ir
decreased el

Internal cort
although thi
rope should
be extremely
information.

F4 Deformationand damage

n MRT can provide an additional source of useful information.

sion

curs particularly in marine and industrial polluted atmospheres and not only re|
of the rope by reducing its metdllic cross-sectional area, but also accelerates fatig
regular surface from which stress’cracking can propagate. Severe corrosion can also
hsticity of the rope.

osion is more difficult(todetect than external corrosion, but they often occur tog
5 might not always (be -obvious from a visual inspection of the rope. If suspecte
be subjected to an“internal examination by a competent person, although this can
r difficult to perform. In this regard, an MRT can provide an additional source of 1

duces
ue by
cause

ether,
d, the
often
1seful

Waviness is a deformation in which the longitudinal axis of the rope takes the shape of a helix under
either a loaded or unloaded condition. While not necessarily resulting in a loss of strength, it can
promote the setting up of abnormal stresses, giving rise to unusual wear patterns and premature
broken wires. If severe, it can also affect the condition of rope-related equipment, such as sheave
bearings, sheave grooves, rope guides and rope drums.

Basket or lantern deformation

Basket or lantern deformation, also called “birdcage”, results from a difference in length between
the rope core and the outer layer of strands. Different mechanisms can produce this type of

If, for example, the rope is running over a sheave or on to the drum under a great fleet angle, it
touches the flange of the sheave or the drum groove first and then rolls down into the bottom of

a) Waviness
b)

deformation.
46
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