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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This[document was prepared by Technical Committee ISO/TC 38, Textiles.

This|second edition cancels and replaces théfirst edition (ISO 18264:2016), which has been technically
revided.

The main changes are as follows:

— the Scope has been made mare concise;
— the Normative references have been updated; some references have been moved to the Bjibliography;
— the Terms and definhitions have been updated;
— the formulaedn-Table 4 have been corrected;
— fligures and designations have been changed in accordance with ISO/IEC Directives Payt 2:2021;

— gubclauses 7.3.2 and 7.3.3 have been rewritten and simplified. References are given to I1SO 2377and
[S@79554 instead of repeating the texts in those standards.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document has been prepared to be a standard providing one means of complying with the essential
safety requirements.
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Textile slings — Lifting slings for general purpose lifting
operations made from fibre ropes — High modulus
polyethylene (HMPE)

1 Scope
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Normative references

document specifies the requirements related to safety, including methods of rating
constructions made from fibre ropes. It is applicable to ropes made of high modulusj
PE) fibre having a minimum reference number of 12 and a maximum reference nhumbe

ibre rope slings covered by this document are intended for general-purpose lifting ope
hen used for lifting objects, materials or goods which require no deviations from the re
n factors, or work load limits specified.

as molten metal and acids, glass sheets, fissile materials, nucleapteactors and special
engineered) lifting operations. This document can be used;ds a reference for lifting
HMPE fibres to be used in special lifting operations.

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this document. Forddated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

968, Fibre ropes and cordage — Vocabulary

262, General purpose thimbles for-use with steel wire ropes — Specification

307, Fibre ropes — Determination of certain physical and mechanical properties
415, Forged shackles for general lifting purposes — Dee shackles and bow shackles

500-1, Metallic materials — Calibration and verification of static uniaxial testing machin
on/compressiontesting machines — Calibration and verification of the force-measuring s

597, Forgedsteel lifting hooks with latch, grade 8

539, Forged steel lifting components for use with Grade 8 chain

and testing
olyethylene
" of 72.

rations only,
quirements,

document does not cover slings used for the lifting of persons, potentially dangeroyis materials

non-routine
slings made

heir content
applies. For
hts) applies.

es — Part 1:
ystem

554:2019, Fibre ropes — General specifications

[SO 10325, Fibre ropes — High modulus polyethylene — 8-strand braided ropes, 12-strand braided ropes
and covered ropes

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

[SO 16798, Links of Grade 8 for use with slings

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1968 and the following apply.

©ISO
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

31
abrasion
mechanical wearing of a surface resulting from frictional contact with other materials and objects

3.2
angle of choke

AcH
angle formed in a sling body as it passes through the choking eye or fittings

Note 1 to entfy: See 3.9, Figure 1 and Figure 4.

Figure &+~ Example of angle of choke

3.3
angle of loading
a
horizontal angle

Note 1 to entfy: S vertical'angle. See Figure 2.

2 © IS0 2022 - All rights reserved
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a  horizontal angle
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desi{
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work

Note

ertical angle

Figure 2 — Example of angle of loading

betent person
nated person, suitably trained and qualified by knowledge and practical experieng
ecessary instructions to enable the required tests and operations as well as examin
ed out

pn factor
r by which the-nominal breaking strength of sling construction (3.25) is divided to d
ing load Jinit in straight pull

1 to entry: Also referred to as safety factor (SF).

e, and with
ations to be

ctermine its

Note

2to entry: This term has the same meaning as the term “working coefficient” used in the H

U Machinery

Directive.

Note 3 to entry: Fittings may have different design factors from that of the fibre ropes to which they are
connected.

3.6

effective work length
EWL

actual finished length of the fibre rope sling construction, inclusive fittings, from bearing point
to bearing point while being loaded to a reference load to be determined and documented by the
manufacturer

Note

©ISO

1 to entry: See nominal length (3.19) as well as Figure 6 and Figure 7.
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3.7
general-purpose lifting operation

operation identified and described as the one whichl8l is a repetitive lift covered by a previously
prepared JRA and LP, carried out by lifting team trained in the use of specific lifting operation/device
and competent to complete the entire operation

Note 1 to entry: Also referred to as routine lifts or lifting operation, and is the opposite of special (non-routine or

engineered) lifting operation.

3.8
basket hitch

1 1 L 1 hich th 1 1 d dthal d dbothl d A fitti
method of rigeiaaashna inwhich the dling i pacced argund thae load and both loop avec and end i ings

are attached to the lifting device

Note 1 to entfy: See Figure 3.

3.9
choker hitdh

RN

B a0

PR

Figure 3 — Example of basket hitch

method of rjgging a slingin which the sling is passed around the load, then through one loop eyq, end
fitting, or other piece-of hardware, with the other loop eye or end fitting attached to the lifting device

Note 1 to entfy;: This hitch (3.10) can be done with a sliding choker hook or similar device (see Figure 4).

© IS0 2022 - All rights reserved
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Figure 4 — Example of chokerhitch

3.10
hitch
metHod of rigging (attaching) one or several slings t€émporarily to a load, or object, for th¢ purpose of

liftinlg
3.11
vertjcal hitch

metHod of rigging a sling in which the lpad is attached to the loop eye or end fitting at one end of the
slingland the loop eye or end fitting atthe other end is attached to the lifting device

Note [l to entry: Any hitch (3.10) less\than 5° from the vertical (f in Figure 2) may be considered a fertical hitch
(see Figure 5).

Figure 5 — Example of vertical hitch

© IS0 2022 - All rights reserved 5
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3.12
intermedia
link used to

:2022(E)

te master link
connect one or two legs of a sling to a master link (3.16)

Note 1 to entry: Intermediate links can be assembled with a master link to form a permanent master link.

3.13
job risk ass
JRA

essment

process where

health

nd safetv hazards are identified

risks as

— approp1
Note 1 to en
things, situaf
user of the sl
to effectively]

sociated with the hazards are analysed and evaluated, and
iate ways to eliminate or control these hazards are determined

[ry: In practical terms, a risk assessment is a thorough look at your workplageito identify

ions, processes, etc. that can cause harm, particularly to people. After identification is mad
ngs evaluates how likely and severe the risk is, and then decides what measures should be in
prevent or control the harm from happening. The result of this process{S'documented by the

of the slings in the form of a job risk assessment (JRA).

3.14
lifting conf
arrangemery

jguration
t characterized by the number of sling legs in the lifting.assembly, the angle of loading

under which they spread and in which the sling assembly is connecting the suspended load an

lifting mech

Note 1 to ent
angle of load
As part of thg

Anism

I'y: The lifting configuration is characterized by the'number of sling legs in the lifting assembl|
ng under which they spread and in which the'sling assembly is connected to the suspended
arrangement additional hardware, such as-e.g. (intermediate) master links, shackles and spr

bars may be yised”.

3.15

lift plan

LP
documented

Note 1 to ent
charactd
charactd

evaluati
suspend

determil

plan of the proposed lifting operation
Fy: Lift plan covers asplects such as the following:
rization of the load-in terms of dimensions, weight and centre of gravity;
rization of thedask in terms of lifting, rotation, speeds and travel directions;

n of the hazards to determine consequences resulting from collision, upset or dropping
pd load,;

pation of how to rig the load using good rigging practices and ensuring the use of proper ri

those
b, the
place

user

(3.3)

1 the

y, the
load.
bader

f the

pging

techniques during the [ift;

attachment;

(hoist, crane, slings, lifting fixture, etc.) and on the identified load, task and hazards;

load.

3.16

master link
link forming the upper terminal of a sling or intermediate master link (3.12) by means of which the sling
is attached to the hook of a crane or other lifting device

6

ensuring that the attachment points and suspended load can withstand the forces created by the rigging gear

selecting equipment and rigging based on the type, category ofliftand minimum capacity of lifting equipment

ensuring that sling angles are considered when determining forces on rigging equipment and the suspended

© IS0 2022 - All rights reserved
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3.17

multi-leg sling

sling assembly (3.23) composed of multiple (two, three or four) legs with the top ends gathered in a
master link that goes over the lifting hook

Note 1 to entry: Also called bridle sling.
Note 2 to entry: Examples are given in Figures 9 to 11.

Note 3 to entry: Sling legs in one assembly may not necessarily have an equal EWL and/or Rp. In the case where
EWL and/or Ry are not identical, such deviations need to be covered by the LP.

3.18

nomjnal diameter
d
specified diameter of the rope which is usually used as the reference number for a\given prpduct

3.19
nomjinal length
Ly
specified length of the sling leg, inclusive of fittings, from bearing point.to bearing point

Note [l to entry: See Figures 6 and 7.

3.20
progdf force
F,
forcd applied as a test to a finished sling construction{3.25), as specified in proof test (3.21)

Note [l to entry: Also referred to as “proofload”

3.21
prodf test
non-flestructive force (or load) test.made to a predefined proof force (3.20) (or load) of a sling
construction (3.25)

3.22
rated force
Rg
maximum allowable fonce'of a sling construction (3.25)

Note [l to entry: Alsodeferred to as rated load and expressed in kN.

3.23
sling assembly
one pr moye sling leg(s)/sling constructions (3.25) combined with rigging hardware (sych as links,
shackles,thimbles) to be used as part of a rigging arrangement for the purpose of lifting a Ipad

3.24
sling body
fibre rope used as load bearing part to create a sling assembly (3.23)

3.25

sling construction

eye-and-eye (see Figure 6) or endless construction (see Figure 7) of a fibre rope used to create a sling
assembly (3.23)

Note 1 to entry: Also referred to as sling leg.

©1S0 2022 - All rights reserved 7
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3.26

:2022(E)

sling manufacturer
person or company assembling or fabricating sling components into their final form

Note 1 to entry: The rope and sling manufacturer are not necessarily identical entities.

3.27
soft eye

eye made by forming the end of the fibre rope into a loop and by splicing the free end to the standing

part
3.28

special lifti|ng operations

lifting operd

— job risk
plan (L

new spd
Note 1 to ent

3.29
splice

3.29.1
spliced eye
loop, or eye,

3.29.2

cut splice
connection
main body d

3.30

working load limit of the lifting configuration

WLL
maximum 3
general-purf

4 Hazar

The acciden
puts atrisk,
order to prd

tions where [12]

assessment (JRA) (3.13) is required to identify and mitigate the risks and a tcompletd
) (3.15) is required, and

cific lift plan (LP) is required based on a risk assessment

y: Also referred to as non-routine lifts or engineered lifting operations:

formed in the end of a rope

bf two ends to create an endless connéction by tucking the ends of the strands back int]
f the fibre rope in a prescribed manner

d lift

o the

llowable total suspended mass a lifting configuration (3.14) is authorized to sustajin in

ose lifting operations)(3.7)

s

Lal release’of a suspended load or release of a suspended load due to failure of a compq
eithevdirectly or indirectly, the safety or health of those persons within the danger zoi
vide'the necessary strength, durability and reliability of lifting accessories, this docu

nent
he. In
ment

specifiesre

IYapaamto Lo+l o 3 maafo ot & 43 B-daaaaint " £l 1 £ »
I T e S TOT e U C S TE T, T TO T aC TUT G O S U S, O S T a O I a i eI rarC COT UreSTHTES STTUCT

the specified levels of performance are met.

sure

Endurance/durability has not been identified as a risk when properly designed manufactured and tested
fibre rope slings, comprising high tenacity HMPE fibre, having the specified levels of performance, given
in this document, are properly used and inspected for general-purpose lifting operations.

Since failure can be caused by overloading or incorrect selection of the working load limit (WLL)
and specification of lifting accessory, this document also gives the requirements for marking and the
manufacturer’s certificate.

Aspects of selection and safe and reliable use associated with good practice are given in Annex A and

Annex B.

© IS0 2022 - All rights reserved
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Table 1 lists those hazards, in accordance with ISO 12100, identified as being specific and significant for
fibre rope slings made of HMPE.

Under constant or repeated loading, HMPE fibres and ropes may show irreversible deformation also
referred to as creep, dependent upon load, time under load, temperature, as well as the type of HMPE
fibrel12], Different HMPE fibres exhibit different creep behaviour under identical conditions.

Depending on the conditions in which the slings are intended to be used, the sling user shall consult the
sling manufacturer in order to select slings fit for the intended purpose and service.

Fit for the intended purpose implies assuring the right slings are made and put together properly prior

to delivery._This is a cnpp]ipr rpcpnncihi]ify In the case where the Q]ingc are used for the right thing,
used|the right way and kept in the right condition, the slings are fit for the intended setyjce. This is a
sling|user responsibility:.
Table 1 — Type or group of hazards and associated hazard mitigation1equirements
”l;yzl;er 3: g:;(()iu:)e ;)ef- Examples of hazards Hazard mitgation re-
ant subclause(s) . quirements jn relevant
1S0 12100:2010 a) Origin b) Potential consequeénc- (sub)clausg(s) of this
Table B 1 ’ es docurhent
Mechanical hazards: Human error/ behaviour, |Being run o¥ey, crush- Clauses 5, 6,78, 9, 10,
61621, 62216222 gducatlon apd trallnlng, ing, cuttlmg, internal and Annexes A and B.
6.2.43) and b), 6.2.6, 6.3.1 ocgmentatlon, planning, e_xt.erna wear, p_uncture, e
6.3-2 633 6 é4 3' é 3' 5'5’ cutting parts, falling tilting, overloading, fall-
6.4.1'6.4 .2'6.4.3 .6’4 4 "l objects, instability, rough |ingjetc.
aﬁd [ 4' 5' P T e surfaces, sharp edges,
P shock loading, incorrect
or missing sling markings
handling, etc.
Thermal hazards: Human error/ behaviour, |Melting, burns, falling, etc. |Annex B
education and<{raining,
2%’2( .12.2'3'46.52':63’46.52.16‘;.) documentation, planning,
bj da’nd ej e %0 radiation of heat sources,
T vibration, etc.
Hazards associated Human error/ behaviour, |Cutting, internal and Clauses 4, 5,9/10, Annex B
with the environment education and training, external wear, puncture,
in which the machine is..{documentation, planning, |falling, etc.
used: dust, pollution, chemical
components, temperature,
ghléﬁ).)z.& 6.3.2.1, 64451 a) handling, etc.
Comityination of hazards: |Combination of origins Combination of conse- Clauses 5, 6,78, 9, 10,
All the abdve mentioned above quences mentioned above Annexes A and B
NOTE L-A)single origin of a hazard can have several potential consequences.

hazard.

NOTE 2 For each type of hazard or group of hazards, some potential consequences can be related to several origins of

5 Sling materials and components

5.1 Fibreropes

Fibre rope materials covered by this document for the use of sling assemblies are high modulus
polyethylene (HMPE) fibres as defined in ISO 2076.

© IS0 2022 - All rights reserved
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The HMPE rope constructions covered by this document are the following:

8-strand braided ropes (type L), 12-strand braided ropes (type T) and covered rope constructions
(type C) manufactured and tested in accordance with ISO 2307 and ISO 10325;

laid and braided rope constructions deviating from ISO 10325, manufactured, and tested in
accordance with ISO 2307 and ISO 9554;

constructions designed and manufactured according to with ISO 10325 and ISO 9554 and tested
according to ISO 2307; or

other local and/or International Standards provided that this document is consistent.

5.2 Coatings

Finishes and coatings shall not impair the performance of a sling construction.

NOTE 1  Afibre finish is typically applied to the base fibre after creation of the individual filaments, but Hefore

winding of the roving or during twisting or assembly. A coating can be applied during rope or'sling productipn, or

afterwards oh the finished sling in a separate step.

NOTE 2  Cqatings are typically applied to improve performance in the followingfour principal areas:

— structurpl improvement such as, but not limited to, strength (variability); shape stiffness, environnjental
protectipn (e.g. chemicals) and cover slippage;

— splice oftimization (such as friction);

— abrasior|/fatigue (such as, but not limited to, tension and bending fatigue);

— functionpl additives (such as, but not limited to, colout; UV resistance, flame retardance and adhlesion
promotipn).

NOTE 3  Different parts of the sling construction.can require different frictional properties and cdating

characteristifs.

5.3 Cover (sleeves, jackets)

Covers, partly or fully enclosing thé fibre rope, shall provide appropriate protection against abrgsion,

cutting, tearing, and penetration during storage, handling and use of the sling construction/assembly

during the l{fting operation.

The edges ¢f a cover shall be finished in such a way that they can neither unravel nor impaif the

performancg of the load bearing core of the sling.

NOTE The typeofifibre material(s) used in a cover depends on the performance requirements and potential

hazards (abrgsion, eutting, puncture, exposure to chemicals, etc.) to be mitigated.

5.4 Mechanical components

Mechanical components, such as thimbles, shackles, trunnions, fittings and (master) links, used as
parts of a fibre rope sling construction shall be selected such that they are compatible with the fibre
rope sling construction, they meet the requirements and they do not impair the performance of the
sling construction (see 6.2.3).

5.5 Other materials and components

Materials and components other than those listed in 5.4 may be employed. When such materials are
employed, the sling manufacturer, its authorized representative or a qualified and/or competent person
shall provide supportive data to minimize hazards and prove that these sling assemblies comply with
all other requirements of this document.

10 © IS0 2022 - All rights reserved
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6 Sling constructions, fabrication and lifting configurations

6.1 Sling constructions

An eye-and-eye construction shall be formed from a single piece of fibre rope and shall have eyes,
with or without thimbles and fittings and or covers, spliced at each end. Figure 6 shows three typical
examples of such construction.

Key
Ly ¢ffective work length of the sling construction

Figure 6 — Sling construction\~ Typical eye-and-eye constructions

An epdless construction shall preferably,be formed from a single piece of fibre rope ang shall have
the gnds joined together by a splice. Figure 7 shows a typical example of an endless constfuction, also
referjred to as a “grommet”.

Key
L, dffective worklength of the sling construction

Figure 7 — Sling construction — Typical endless construction

The fabrication of the sling construction, including deviations from the manufacturing methods, shall
be verified and documented by the sling manufacturer in accordance with this document.

6.2 Fabrication

6.2.1 Splicing

Splicing is the commonly used method of fabricating sling construction. All splices shall be made by a
trained and competent person and in accordance with the documented splicing instructions provided
by the sling manufacturer, its authorized representative, or a competent person. Samples of these splices
shall have been previously created in accordance with the application requirements and successfully
verified by the testing in accordance with Clause 7.
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In addition, the following shall be observed:

— in a typical eye-and-eye construction, no other splices than the splices required to create an eye
shall be permitted;

— endless sling construction shall have only a single splice;

— where the protruding parts of the strands in a splice are contained, e.g. by binding, gluing, tapering,
etc., to improve the appearance of the finished splice, such finishing shall not affect the performance
of the splice and the sling construction;

— eye-and-

eve sling constructions shall have a minimum undisturbed length of the rope of 10 times the

rope reference number between the end of the splices; deviations shall be verified and documeénted

in accondance with Clause 7;

— knots, clips or clamps shall not be used to fabricate slings;

— ifthimbles are required and do not have ears to prevent rotation, they shall be tied.p to the rppe.

NOTE Syl
manufacturer.

6.2.2 Considerations for connecting hardware and fittings

6.2.2.1 Eye-and-eye sling constructions

ice methodology for any sling construction is to be defined and décumented by the|sling

As a design|rule, the minimum internal length (L) of a soft eyg, for an eye-and-eye sling construgtion,
measured with a steel tape or rule graduated in increments:of 1 mm, is in this subclause. Deviafions

shall be dochimented and verified in accordance with Clause 7.

Key
D diamete}

d fibre rople reference number

L length of theeye

of the hardware (pin, bollard, shackle, trunnion or fitting) being used during type testing and uge 2

a  angle between two legs of the eye

NOTE If the hardware has a non-circular cross-section, D is the diameter of the point of highest curvature as
illustrated by the red arrows in Figure 9.

Design rules:

Figure 8 — Soft eye dimensions

— D/d should be = 2, and shall never be < 1.

— ashall be < 20°.

12
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Figure 9 — Illustration of a non-circular cross-section

6.2.21.2 Endless sling constructions

The

recommended D/d for an endless construction is preferably €qual to 8 and never

Deviations shall be documented and verified in accordance with-8lause 7.

6.2.3 Other requirements for mechanical components

Mechanical components used as parts of a sling constriction and/or sling assembly shall b
meef the following requirements:

a)
b)

The

guitability of mechanical or socketed fittings'shall be verified by a competent person;

tthe material shall be compatible with the mechanical and environmental requireme
on and by the sling construction and/or sling assembly. Master links shall be in acco
ISO 16798. Other rigging hardware, when employed, shall be forged and shall meet
fequirements in accordance with ISO 8539.

¢ye hooks shall be in accotdance with [SO 7597.
shackles shall be in accordance with ISO 2415.
thimbles shall belin accordance with ISO 2262.

liameter, width and roughness of the bearing surface of the fitting/link can (severel

strenjgth of the'sling construction and assembly. The use of thimbles is to be considered.

The

hatural-flattening width, also referred to as the actual inside width, of the rope shall

less than 1.

b selected to

hts imposed
rdance with
the general

y) affect the

be equal to,
lustrated in

or preferably less than, the effective inside width of the mechanical component. This is il

n1

Flgu e DT,

6.3

Lifting configurations

For general purpose lifting operations, sling constructions are used as

single leg lifting configuration, or

multi-leg (2, 3 or 4 legs) lifting configuration.

A two-leg lifting configuration typically comprises two identical sling legs being connected to a master
link, shackle, trunnion or crane hook. Figure 10 shows a typical two leg lifting configuration.

© IS0 2022 - All rights reserved
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Figure 10 — Two (2)-leg lifting configuration

A three-leg |ifting configuration is typically produced as per Figure 11 in the same way, but twq legs
shall be attqched to one intermediate link and the remainder leg to the other intermediate link.

Figure 11 — Three (3)-leg lifting configuration

A four-leg lifting configuration shall comprise of four sling legs. Each pair of sling legs shall be connected
to an intermediate link. The two intermediate links shall be attached to a master link or crane hook.
Figure 12 shows a typical four-leg lifting configuration.
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Figure 12 — Four (4)-leglifting configuration

In the case where the effective work length andyor rated force of the sling legs in each of th

e a multi-leg
configurations, as mentioned in Figures 10.£f012 are not identical, the lifting operation is perceived as
a spdcial lifting operation and verification-of the effective work length and rated force of epch sling leg
shalllbe executed by the sling manufacturer or a competent person.

6.4 | Design factor

The

design factor (DF) for_slings used in general-purpose lifting operations compli¢s with the
requ

rements for the region in which the sling constructions are put in use as shown in Tablle 2.

Table2y= Regional design factors (DF) of fibre rope sling constructions

Region DF Reference

BEuropean Union 7 Machinery Directive 2006/42/EGIZ]
United States 5 ASME B30.9110]

Brazil 5 ABNT NBR 16957

Japan 6 ]IS B8818l[9]

Other regions According to respective regional requirements

NOTE 1 The DF’s in this table are only applicable for slings used in general-purpose lifting
operations; for engineered lifting operations deviations can apply.

NOTE 2 The DF’s in this table are only meant to be informative as design factors can be
subject to change.
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6.5 Working load limit (WLL)

6.5.1 Calculation of the working load limit (WLL) of a lifting configuration

The working load limit of a sling construction depends on the following factors:

a) therope, or sling, strength (depending on linear density and construction parameters);

b) the desi

gn factor (see 6.4);

c) the type of hitch (see Table 3);

d) the angle of loading (see Figure 2); and
e) the diarheter of curvature over which the sling is tested or used (6.2.2.1).
The rated force (Rg) and the working load limit (WLL) of a lifting configuration shalDbe calculated
according tq Formulae (1) and (2).
R = BSg}./DF Q)
WLL= (Rg/g) - M (2)
where
Ry is the rated force of a sling construction, (see Figtbe 6), expressed in kN;
BSgc is the spliced break strength of a sling constfuction, expressed in kN;
WLL is the work load limit of the lifting configtiration, expressed in t;
g is the acceleration of gravity (9,81a1/s2);
M is the mode factor (see ISO 1968).
Table 3 — Mode factors (=M) for eye-and-eye and endless sling constructions
Angle Sling leg
. . . o Eye-and-eye sling con- | Endless sling construc-
Configuration of slingleg(s) BI°] struction tion
Single-leg 0-5 1,0 1,0
(vertical hitgh)
Basket hitch 0-5 2,0 2,0

(incl. < 5°)

16

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=58bbe5d7d290c68f63c545cb761e95cb

ISO 18264:2022(E)

Table 3 (continued)

Angle Sling leg
Configuration of sling leg(s) BI°] Eye-ansdt-:lir:t is(l)lnng con- | Endless SItlir(l)gn construc-

Two-leg bridle 0-45 1,4 1,4
(incl. @ < 90° in the
case of a basket B
hitch) }

1

D

|
Three-leg bridle 0-45 2,1 211
Fourtleg bridle 0-45 2,1 2|11

Horizontal angles (a; see Figure 2) lessithan 30° shall not be used except when recommended by the
slinglmanufacturer, its authorized representative or a qualified and/or competent person.

NOTE1  Mode factors (M) are based on identical WLL and EWL of each sling leg in a multi-leg slijg assembly.

NOTHE 2  The values as given in Table 2, excluding choker hitch as lifting configuration, are based|on minimum
D/d ip accordance with 6.2.2:

The mode factors fonlifting configurations made up by sling assemblies of endless sling canstructions
shalllbe based on‘symmetrical positioning of the splice in accordance with Clause 7.

Modg¢ factorsifor configurations deviating from the configurations mentioned in Tablg 2 shall be
detefmined-by the sling manufacturer or a qualified and/or competent person. Other copfigurations
not ¢overed by this subclause shall be rated in accordance with the recommendation py the sling

manuwfacturer or a q1m]ifinr] and/nr competent person and shall conform to all other provisions in this

document.

6.5.2 Calculation of the working load limit (WLL) of a lifting configuration as a consequence of
bending losses

6.5.2.1 Eye-and-eye construction

When utilizing an eye-and-eye construction in a vertical hitch (i.e. straight pull) or a multi-leg assembly),
both mentioned in Figure 5, Figures 10 to 12 and Table 3, it is not necessary to account for bending loss
in the case where the D/d of the applied hardware in the lifting configuration is at least equal to one (1)
in accordance with 6.2.2.1.
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In the case where this construction is utilized in a basket hitch (e.g. bent over bow of a shackle or crane
hook), the D/d shall be at least equal to 8 to avoid derating. In the case where the D/d is less than 8, the
sling construction shall be derated in accordance with Formula (4) (see Table 4). The D/d is not related
to this ratio for the fittings/hardware to which the eyes of this construction are attached.

Derating shall be based on type tests as described in 7.3.

6.5.2.2 Endless construction

When linking an endless construction to fittings/hardware (e.g. the bow of a shackle or crane hook),
the D/d shall be at least equal to 8 to avoid derating. In the case where the D/d is less than 8, the endless
constructiofi shall be de-rated. Consult the sling manufacturer for de-ratings, or de-rate the enfless
constructiof in accordance with Formulae (3) and (4) (see Table 4).

In the case where this endless construction is utilized in a basket hitch, the D/d shall be atleast equal to
8 to avoid d¢rating. In the case where the D/d is less than 8, the endless construction shatl’be deratied in
accordance with Formula in Table 4.

In the case where the basket lifting configuration comprises more than one type and size of fitfing/
hardware, the smallest D/d is to be used in view of de-rating.

De-rating sHall be based on type tests as described in 7.3.

Table 4 — Formulae for de-rating a sling construction where D/d < 8

Eye-and-eye construction in basket hitch Endless construction in vertical and basket hitch

o \\y

If R; ENDLESS CONSTRUCTION is determined fit
D/d > Dy/d
Rp; DERATED; LINKED TO FITTING =
Rp; ENDLESS CONSTRUCTION
(1-(0,5/V(Dy/d))
See Formula (3)
If Ry; ENDLESS CONSTRUCTION is determined st

Dy/d < Dy/d
NO DERATING
WLL; DERATED; BASKET HITCH = WLL; DERATED; LINKED TO FITTING =
(RF; EYE-AND-EYE CONSTRUCTION (Rp; DE-RATED; LINKED TO FITTING/g) - M
(1 - ©.5/V(Dy/d)) /g) - M (1~ (0,5/V (Dy/d)) /g) - M
See Formula (4) See Formula (4)
(1-0,5/V (Dy/d)) (3)
(1- (0.5/V (Dy/d)) /9) - M (4)
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where

Rp E

YE-AND-EYE CONSTRUCTION

is the rated force of an eye-and-eye construction utilized in

a vertical hitch(single-leg) hitch at D/d = 1, expressed in kN;

Rp; ENDLESS CONSTRUCTION is the rated force of an endless construction utilized in
a vertical hitch (single-leg) hitch based on spliced break
strength with a specific D/d, expressed in kN;

Ry; derated; linked to fitting is the rated force of an endless construction linked to a

fitting with D/d < 8, expressed in kN; Ry is the rated force

resulting from BSg. determined according to 7, pxpressed
in kN;

WLL} DE-RATED; BASKET HITCH is the de-rated work load limit of the lifting configuration
when utilized in a basket hitch at D/d& 8, exprefssed in t;

WLL} DE-RATED; LINKED TO FITTING is the de-rated work load limit of an endless cornstruction
when linked to fittings with.D/d < 8 expressed in t;

Dy/d is the ratio of diameter ofapplied hardware (pip; D;) and
the rope reference nunber (d) during determingption of the
splice break strength;

Dy/d| is the ratio of diameter of applied hardware (e.g. shackle,
lifting pointor~crane hook; Dy;) in the lifting configuration
and the ropereference number (d);

g is thez@acceleration of gravity (9,81 m/s2);

M is the mode factor (see Table 3).

NOTHE 1  Verify the surface condition ahd-design of the fittings/hardware for the lifting confjgurations as

depidted in Table 4. This review can revéalithe need for local protection.

NOTE 2  The position of the splice in an endless construction can affect the rated load dof an endless

construction. Contact the manufacturer of the sling regarding optimal splice positioning and derating.

NOTE 3  For de-rating calculations always use the smallest D/d in the lifting configuration. If the hardware as a

non-dircular cross-section; D is the diameter of the point of highest curvature as illustrated by the red arrows in

Figure 9.

6.5.2.3 Eye:and-eye and endless construction in a choker hitch

Angle of choke (a.y; see Figure 1) in a choker hitch shall be bigger than 120°. Depending on this angle as

well ps.the'configuration of the choke (for example if the choke is on clear rope or on a splice), de-rating

of the sling shall be recommended by the sling manufacturer or a qualified and/or compeftent person.

The sling shall conform to all other provisions in this document.

6.6

Effective work length

The effective work length (L) of a sling construction (see Figure 6 and 7) shall not differ from the
nominal length by more than 2,0 %, when axially loaded under rated force (Rg) and measured with a
steel tape or rule graduated in increments of 1 mm, or other suitable and documented method like laser
measurements. The length of each leg of a multi-leg lifting configuration, so called ‘matched pairs’, shall
not differ from the lengths of the other legs by more than 1,5 %.

NOTE Different tolerances can be agreed upon between parties.
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6.7 Traceability code

The traceability code, which is to be included in the sling identification (see 7.1), shall enable at least the
following basic elements of the manufacturing record to be traced:

a) identification of rope, including nominal size;

b) identification of manufacturer’s control;

c) identification and grade of fittings.

7 Sling Verification

7.1 Genepal

For the puilpose of verification of the quality of an HMPE fibre rope sling constriiction, atteption
needs to be|paid to the determination of the breaking force, effective work length, verification qf the
splice(s), anfl proof loading. These aspects are described in this subclause and only, represent minimum
requirements as far as tensile testing is concerned. The sling manufacturer nfay decide any additjonal
testing or b¢ requested upon and shall provide corresponding documentation.

All load testing and examination shall be carried out using a tensile,tést machine conforming tp the
requirements of class 1 of ISO 7500-1 and, where applicable, a steel tape‘or rule graduated in increments
of 1 mm. Allfload testing and examination of the effective work length, as described in 7.3 to 7.5, shall be
performed in accordance with ISO 2307.

If sling conftructions are modified, such as but not limjted to design modifications and sourge of
material, atfention needs to be paid to 7.3 and 7.4. Duringload testing, considerable energy is stored in
the rope undler tension. If the sample breaks, this energy-will be suddenly released. Suitable precautions
should therg¢fore be taken to protect the safety of persons in the danger zone.

7.2 Qualification of personnel

All testing and examination shall be carried out by a competent person.

7.3 Type|test of sling constructions

7.3.1 General

For each mgnufacturer, type tests shall demonstrate the specified minimum breaking strength (MBS)
of sling congtructions;manufactured according to the requirements laid down in this document.

A sling conptruction is characterized by its specific design, material type and specification, [rope
reference niimber, method of manufacturing (including coating, splicing, finishing) and the fitfings
attached to it

Sling constructions that differ in one of these features shall be type-tested separately. Any change in
the design, material type and specification, method of manufacture, any dimension outside normal
manufacturing tolerances, D/d and other testing conditions that can lead to a modification of the
mechanical properties, require that the type tests specified in this subclause shall be carried out on the
(substantially) modified sling construction. Changes in a sling construction include changes in design,
material type, material source, material specification, method of manufacture, any dimension outside
normal manufacturing tolerances, and D/d.

All load testing and examination shall be carried out using a tensile test machine conforming to the
requirements of class 1 of ISO 7500-1.

When verifying an endless construction, the splice shall be positioned mid length between the two
attachment points. Positioning of the splice on the hardware is possible as long as it is well documented.
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The type test shall be valid for a maximum of five years.

7.3.2 Methodology for testing of MBS

For the purposes of determination of the breaking strength of sling constructions, the methodology as
described in ISO 9554:2019, Annex D shall be applied for either a single diameter (ISO 9554:2019, D1.1)
or sling designs for a range of diameters (ISO 9554:2019, D1.2). Determination of the breaking strength
of a single diameter requires a minimum of three samples. Sample size for a range of diameters is
defined in ISO 9554:2019, D1.2.

The samples shall be mounted, straight and without twist, between the bollards of the test machine
and fubjected to a breaking strength in accordance with 1SO 2307. Besides the resulis| of the test,
also the methodology, test method and testing conditions (such as D/d, testing speedand preloading
procedure) of the bollards may differ from the actual hardware dimensions during sling ude. This shall
be cqnsidered in view of the rated force of the sling applied and eventual de-ratingrequired (see 6.5.1).

A D/d equal to 8 is recommended as base line for endless sling constructions.

7.3.3 Type test to verify the interaction of a sling construction with fittings

A representative sling construction, of the type intended for use with fittings, shall be made with test
fittings representing the smallest profile of engagement of the‘range of fittings that wil|] be used in
production.

The nominal sizes shall be selected according to 7.3.2.for each type of HMPE fibre, ope design,
manfifacturing methodology, splicing, finishing methodology and kind of fitting. For any nominal size
chosgn, two test pieces shall be created in accordance*with 7.3.3 and proof tested in accopdance with
74.3

The fittings shall not get damaged in any way when the sling construction is subjected to a florce at least
equall to two times the rated force (Rp) of the’sling construction as described in 7.4.3. The test results
shalllbe interpreted in accordance with Z3:3.

NOTH ISO standards are voluntary in-nature. Local legislation is mandatory and will always talje precedence

over [SO standards. Subjection to higher loads can be required, e.g. four times the WLL of the conftructions. In
that qase, this subclause applies amalogously.

7.4 | Manufacturing tésts

7.4.1 Visual examination

Each| completedysling or sling assembly shall be visually examined. If any non-compliarjce with the
safetly requirements or if any defect is found, the sling shall be rejected.

7.4.4 CDetermination of the effective work length of sling legs

For the purpose of the determination of the effective work length (EWL; L as in Figures 6, 7, 9, 10 and
11) of sling legs, [with/without mechanical component(s)], a test piece shall be mounted, straight and
without twist, between the bollards of the test machine and shall be subjected to a load equivalent
to the rated force (Rg) of the sling construction. The effective work length is measured with a steel
tape or rule graduated in increments of 1 mm, or other suitable and documented method like laser
measurements.

NOTE Deviations from this method can be agreed upon between parties.

When mechanical components are used for the determination of the EWL, these components shall
not be damaged when the sling construction is subjected to a load equivalent to the WLL of the sling
construction.
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7.4.3 Proof testing requirements

7.4.3.1 Proofload test

Unless specified by the purchaser, sling constructions are not required to be proof tested prior to their
initial use if all components of the sling are new. All sling constructions incorporating previously used
fittings at the time of manufacture shall be proof tested by the manufacturer or a qualified person.

7.4.3.2 Proof testing procedures

When sling constructions are proof tested, the testing shall be conducted using a pin diameter sized in
accordance with 6.2.2 and shall be tested in accordance with the following:

a) each slipg construction shall be proof loaded to a minimum of two times its rated forcer(Ry);

b) the propf load for fittings attached to single legs shall be a minimum of two timés)the single-leg
verticallhitch rated load;

c) master |inks for two-leg bridle slings shall be proof loaded to a minimum of four times the sipgle-
leg vertjcal hitch rated load;

d) master |inks for three-leg bridle slings shall be proof loaded to a minimum of six times the sipgle-
leg vertjcal hitch rated load;

e) master |inks for four-leg bridle slings shall be proof loaded to:aiminimum of eight times the sipgle-
leg vertjcal hitch rated load.

In case pf three-leg or four-leg bridle, proof testing of edch of the links is to be assured through the
hardwajre suppliers.

7.4.3.3 Proof test verification statement

When a verification statement of testing is required, the verification statement, issued by the comjpany
performing fthe test or an independent third‘party, shall show the following:

a) testdatp;

b) description of the test method and testing conditions [such as standard(s) applied, D/d, tepting
speed, preloading procedurerand applied load];

c) productstock and serial rumber (if applicable);
d) productrated capdcity;

e) any indjcated result.

7.4.4 Brepking force tests

Unless specified by the purchaser, the break force testing of sling constructions are not required prior
to their initial use if all components of the sling are new, and type testing completed in accordance with
7.3.

The sample shall be mounted, straight and without twist, between the bollards of the test machine
and subjected to a force not less than the certified minimum breaking strength in accordance with
ISO 2307, approved at the type test. If the sample sustains this force, it shall have passed the test.

The dimensions of the bollards may differ from the actual hardware dimensions during sling use. This
shall be considered in the manufacturer’s certificate (see Clause 9) in view of the rated force of the sling
applied and eventual de-rating required (see 6.5.1)
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If, during testing, any of these samples does not sustain a force equal to at least the specified sling
strength, three further samples from the same batch shall be tested. If, during testing, any of these
further samples does not sustain a force equal to at least the specified minimum breaking strength,
the whole batch shall be rejected and deemed not to conform with this document. The results of the
test, i.e. whether or not the sample was accepted or rejected, shall be recorded for the purposes of the
manufacturer’s record and eventually a verification statement like issued after proof testing. Besides
the results of the test, also the methodology, test method and testing conditions (such as D/d, testing
speed and preloading procedure) shall be recorded.

When there have been changes in source of material (type of HMPE fibre, type of coating), rope design,
splicing methodology, manufacturing methodology or test conditions, the sling manufacturer shall
perf¢rm and document the type tests, described 1n 7.3.

7.5 | Visual examination

Each| completed sling assembly shall be visually examined. If any non-compliance with the safety
requjrements or if any defect is found, the sling or sling assembly shall be rejected.

8 $ling marking

8.1 | General

The marking of the sling shall include the following:

a) working load limit in straight lift in the case of(single leg slings, or multi-leg slings having a
orizontal angle(s) (a) of 0° to 45° (0°, 30° and 45%);

b) inimum bending diameter for endless construction;
) aterial of the rope, rope core and cover;

d) reference number of the rope;

e) grade of fittings;

f) ¢ffective work length (Lg);

g) the manufacturer’s-name, symbol, trade mark or other unambiguous identification|and, where
gpplicable, his autherized representative;

h) identification code (see 6.7).

The marking$shall be in a type size of not less than 1,5 mm in height.

8.2 | Labelling

8.2.1 Information
The information specified in 8.1 shall be marked on a label attached to the sling as follows:

a) on single legs with soft eyes, in one eye adjoining the splice or on the standing part of rope within
the splice area;

b) onsingle legs with thimbles, on the standing part of the rope at the end of the splice;

c) onmulti-leg slings, on a durable label (e.g. a round tag) attached to the master link or one of the legs
of the sling as in a) or b);

d) on endless slings, at the end of the splice.
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If the label is lost, the sling assembly cannot be used or it shall be replaced by the sling manufacturer.

NOTE

One suitable method for applying the marking is to inscribe the details onto a plastic sleeve threaded

on the rope and shrunk to it, with a clear plastic sleeve shrunk over the market sleeve to protect it from soiling.

8.2.2 Label colour

The label shall be easily detectable on the sling construction. A signal colour, like red, yellow or orange,
is recommended to be used.

9 Manufaeturer's-certificate

After all tgsting and examination, as specified in Clause 7, the manufacturer or its autho

representatjve, shall issue to the purchaser a certificate for each batch of slings delivered' which

include at lepst the following information:

a) the manufacturer’s name, address, symbol or mark, and where applicable, the name address d
authorifzed representative;

b) WLL of the sling-leg, and for multi-leg sling assemblies, the angle to the horizontal;

c) type, influding eye, fitting and EWL (L,);

d) nominal] diameter and linear density of the rope, rope material, core and cover and tyj
construfction;

e) grade of fittings;

f)  minimujm breaking strength of the sling assembly and‘related D/d use during testing;

g) numberof this document;

h) identifi¢ation code;

i) identity of the person authorized to signthe certificate on behalf of the manufacturer and the
of signalrure or electronically generated certificates;

j)  the design factors for mechanidabcomponents being used (e.g. hook, link, shackle).

NOTE Itgms b) to g) inclusivéform the designation of the sling or of the sling assembly.

10 Instructions for‘selection, use, inspection and maintenance

Instructiong for selection, use, inspection and maintenance shall accompany each sling or each del

of slings sugplied\with a single order and shall conform to Annex A.
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