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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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yethylene (HMPE) fibre ropes used for offshore stationkeeping.

Normative references

e following referenced documents are indispensable for the application of this.“document.
brences, only the edition cited applies. For undated references, the latest edition of the referenced
cluding any amendments) applies.

D 1968, Fibre ropes and cordage — Vocabulary

D 2060, Textiles — Yarn from packages — Determination of linear density (mass per unit length) b
thod

D 2062, Textiles — Yarns from packages — Determination of single-end breaking force and elq
ak using constant rate of extension (CRE) tester

D 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part 1: Tension/cq
ting machines — Verification and calibration of the force-measuring system

D 18692:2007, Fibre ropes for offshore stationkeeping — Polyester

[TM D885, Standard Test Methods for.Tiré Cords, Tire Cord Fabrics, and Industrial Filament Y
m Manufactured Organic-Base Fibers

TM D1907, Standard Test Method.for Linear Density of Yarn (Yarn Number) by the Skein Metho
TM D2256, Standard Test.Method for Tensile Properties of Yarns by the Single-Strand Method

Terms and definitions
the purposesyof this document, the terms and definitions given in ISO 1968 and in ISO 18692 3

TE Marine grade fibre and marine finish are not used in HMPE ropes.

Materials

s Technical Specification specifies the main characteristics and test methods of new high modulus

For dated
document

y the skein

bngation at

mpression

arns Made

pply.

4.1 Rope core material

The fibre used in the core of the rope shall be high-tenacity HMPE, with an average tenacity of not less than
2,5 N/tex and in accordance with Annex A. Qualification and testing are given in Annex A.

4.2 Rope cover material

Where polyester yarn is used in the protective cover, its minimum tenacity shall be 0,73 N/tex.

4.3 Other materials

Other materials employed in rope assembly shall be identified in the rope design/manufacturing specification.

© 1SO 2012 — All rights reserved
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For each material, the following shall be specified, as applicable:

a) base material;

b) size (linear density, mass per unit area, etc.);

c) relevant mechanical properties (tenacity, stiffness, etc.).

5 Requ

irements — Rope properties

5.1 Min

The mininj
conform tg

mum breaking strength

Table 1.

Table 1 — Minimum breaking strength

um breaking strength (MBS), of the rope (spliced), where tested according to Annex"B, shall

Reference number? Minimum breaking.strength
kN

63 2600

71 3200

80 4000

90 5000

100 6 300

106 7100

112 8 000

118 9000

125 10 000

132 11 200

140 12 500

150 14 000

160 16 000

170 18 000

180 20 000
@ The refergnce number correspénds to the approximate outer diameter of the rope, in millimetres (mm). Actual diameters may vary
for a given reference number.

5.2 Min

The minim

mum core'tenacity

tested sha

umAenacity of the rope core shall be 1,3 N/tex, measured in accordance with Annex B. All samplles
[ ' eomply with the minimum value specified in this Technical Specification.

5.3 Creep properties

The rope shall have demonstrated creep properties in accordance with the test method in Annex C.

5.4 Particle ingress protection

If specified, the rope shall be constructed with a protection of the core against the ingress of particles having
a size greater than 20 um (microns) or as agreed between involved parties. Testing of the protection shall be
performed in accordance with Annex B.

© 1SO 2012 — All rights reserved
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6 Requirements — Rope layout and construction

6.1 General

The typical section of a rope shall comprise a rope core, providing intended strength and stiffness, and a cover.

6.2 Type of construction

The rope shall be of one of the following types of construction:

—| torque-neutral construction (type TF);

— | torque-matched construction (type TM).

The type of rope shall be specified by the purchaser.
NQTE Torque-neutral ropes are intended for use in mooring systems together with ¢hain or torque-ngutral spiral

strand wire ropes. Torque-matched ropes are intended for use in mooring systems together with six-strand wjire ropes or
other non-torque-neutral wire ropes. Typical constructions are illustrated in Figures F.3"and F.4.

6.3 Rope core

6.3.1 The total number of yarns in the rope shall be at least\the number specified in the rgpe design
specification.

6.3.2 Splices are not allowed in the rope core or in sub-ropes, except for those at the end terminations.

S

—

rends shall be uninterrupted over the length of the rope, with no splice or strand interchange.

NQTE Yarns can be joined, if necessary.
6.4 Protective cover

6.4.1 A protective cover shall beprovided around the rope core to protect the rope core from mechanical
damages during handling and intservice.

The protection shall be water-permeable.

6.4.2 A polyester braided protective cover shall have a minimum thickness, ¢, with:
—| t=7,0 mm,4ora reference number RN above 100;

—| t=0,02%RN, but not less than 4 mm, for a reference number RN less than 100.

Strandiinterchanges, i.e. the overlapping continuation of an interrupted strand with another identjical strand
following the same path, are permitted if they are properly staggered.

6.4.3 If HMPE or an alternative protective cover is used, it shall demonstrate a level of protection equal to that
of a polyester braided cover.

6.4.4 Abraided cover shall include coloured strands forming a pattern so that rope twist during installation or
in service can be identified. There shall be a minimum of one ‘S’ coloured strand and one ‘Z’ coloured strand to
form a cross on the rope.

An alternative protective cover shall be fitted with an axial stripe of contrasting colour, or other means to identify
rope twist during installation or in service.

© 1S0O 2012 — All rights reserved 3
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6.5 Terminations

The termin

NOTE

ations shall be made of an eye splice plus abrasion protection materials.

There can be other terminations, provided they do not jeopardize the rope performance.

The dimensions and arrangement of the eye shall match the diameter and groove shape of the thimble (or
other interface piece) to be used for end connections, and shall be the same as for the rope prototype testing.

In the splice area, the integrity and the continuity of rope cover and particle-ingress protection, if fitted, shall
be preserved or restored.

The eye arlud the splice area shall be further covered by an abrasion protection coating, such as polyureth tk‘r
ination shall be made according to the manufacturing practice as described in the tefmination

Each term
specificati

6.6 Len

The beddgq
unless oth

The calcul

For each g
indicative

Adequate
to be part

7 Rope
71 Typ

711 Ge

Prototype fests shall demonstrate thatropes declared by the manufacturer as complying with the requireme]

laid down
purpose of
including ¢

All ropes
Specificati
otherwise

Any chang
can lead tg

DN.

gth of rope

brwise agreed on the purchase order or contract.
hted length of supplied rope shall be within +1 % of the specified length:

upplied rope, the actual length at the reeling tension or during manufacture shall be reported as
alue.

pxtra length shall be manufactured in order to prepare the 'samples for testing, which are conside
pf the delivery.

testing
p testing

neral

n this Technical Specification possess the properties specified in this Technical Specification. T
these tests is to verify,the design, material and method of manufacture of each size of finished ro
rotective cover and fefminations.

0 be prototype-tested shall comply with all the other requirements laid down in this Techn
bn. The tests‘specified below shall be carried out on a prototype rope for each size of rope, unlg
hoted in this(clause (Clause 7).

ane.

d-in lengths of the rope sections shall be calculated in accordance with 7.2¢2;-dnder 20 % of MBS,

an

red

nts
'he
pe,

cal
BSS

ich

e in the-design, material, method of manufacture, including protective cover and terminations, wh

in this Tec

hnical Qpnr\ifir‘nfinn he carried out on the madified rope

a-smaodification of the properties as defined in Clause 5 shall require that the prototype tests specifred

7.1.2 Sampling

The number of rope samples to be tested is given in Table 2.
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Table 2 — Number of samples for testing

71

71

Test Number of samples
Breaking strength, core tenacity and stiffness 3
Creep 1@
Torque properties 1b
Linear density 1
Cyclic loading endurance 1¢
a2  See71.4.
b See7.1.5.
¢  See71.7.

.3 Breaking strength, core tenacity and stiffness tests

.3.1 Three samples shall be tested according to the procedure specified inzAnnex B, and ea

ca

7.1.3.2 The rope core tenacity and stiffness at end of bedding-in shall be.calculated according to th

de

71

Th

sti

NGO
par

NG

71
On

Th
(or
thg

71

WH
1S(

Safll?e design, material and method of manufacture, with.&reference number of not less than 71 and

able of meeting the requirements of 5.1 (minimum breaking strength) and ¢f5:2 (minimum core

ined in Annex B.

.3.3 Measurement of the stiffness at other load levels shall be’performed within the same tests

bse measurements are, however, not required where résults are available for another qualified

ness at end of bedding-in does not differ by more than 10 %.

ameters.

TE2  These measurements can also be'performed on a separate rope sample (see Annex B).

.4 Creep properties test
e sample shall be tested for creep properties.

s test needs not be performed where data are available from the previous qualification test of ar]
a sub-rope of it) with-the same design, material and method of manufacture of rope core, and a s
n reference number 71.

.5 Torque\properties tests

ere applicable, torque properties tests shall be performed according to the procedure specifie
D 18692:2007. These tests are, however, not required where results are available for another quali

ch shall be
enacity).

e methods

rope of the
where the

TE 1 These measurements are performed for,'design purposes only. There are no acceptance critefia on these

other rope
ze not less

d in B.6 of
ied rope of

th

same design, material, method of manufacture and termination. with a reference number of not I¢

ss than 71.

71

.6 Linear density test

The linear density shall be calculated from the measured mass and elongation according to the method
defined in Annex B.

71

71

.7 Cyclic loading (endurance) test

.7.1  One sample shall be tested for cyclic loading. However, cyclic loading (endurance) tests

performed

with one size of qualified rope having the same design, material and method of manufacture including protective
cover and terminations, is enough to qualify all sizes with an MBS between 50 % and 200 % of the size tested.
The test for cyclic loading (endurance) is not required if such data are available.
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7.1.7.2 The cyclic loading (endurance) test shall be performed according to the procedure specified in B.5. A
load range shall be selected by the manufacturer, and the rope shall withstand, without breaking, at least the
number of cycles for that load range, as given in Figure B.2.

NOTE The value of the breaking force shows the rope residual strength and it is only for information.

7.1.8 Protective cover thickness

The thickness of the protective cover shall be verified.

The thickngss.af a braided cover shall be measured as twice the thickness of cover strands under the maximum
braiding tepsion.

7.1.9 Patticle ingress protection

See 5.4 and Annex B.
7.2 Testing of current production

7.2.1 Sainpling and testing

Where thel ropes are already declared by the manufacturer as complying with’the requirements laid down in
this Techn{cal Specification, the rope tests, including breaking strength and eore tenacity, as well as proteclive
cover thichness verification, shall be performed on one sample taken ffoemthe manufacturing process for each
type and sjze of rope.

7.2.2 Length measurement

The beddgd-in length of each supplied rope section (other'than short sections) shall be calculated from the
linear dengity, p,, using Formula (1):

(my —mg)-1 000

L= (1
Pi,20
where
L is the length of the fope, expressed in metres (m);
mT is the mass of thetotal rope length, expressed in kilograms (kg);
ms is the mass of the materials used to form the eyes and the splices, expressed in kilograms (kg);
P120 is the \linear density of the rope, expressed in kilotex, obtained from the prototype test| in

accordance with 7.1.6.

The length of’short rope sections (i.e. sections of less than 20 m) shall be measured at a load of 2 % of MBS
as the length-between the centres of termination fittings (i.e. same as L, on Figure B.1).

8 Report

8.1 Prototype rope

A complete and detailed report of the prototype rope manufacturing shall be supplied, including the fibre
manufacturer, the fibre type and finish and all rope characteristics that can influence the mechanical properties,
such as design, material specifications, method of manufacture, including protective cover and terminations,
with sketches or pictures.

A complete and detailed report of type tests, with sketches or pictures of the test set-up, shall also be provided.

6 © 1S0 2012 — All rights reserved
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8.2 Current production

The manufacturing report of supplied ropes shall be provided. A complete and detailed report of rope tests,
with sketches and pictures of the test set-up, shall also be provided.

9 Certification

The certificate of approval and control, issued by a Recognized Classification Society (RCS), shall be presented
together with the ropes, in order to ensure that testing and fabrication are in accordance with the approved
specifications.

The rope manufacturer shall issue a rope declaration or obtain a rope certificate, including al least the
following information:

a) | reference number;

b) | type of construction;

c) | linear density;

d) | MBS;

e) | individual identification number;

f) | length at a specified load;

g) | length at the reeling handling tension.

NQTE A suggestion for a certificate of conformity cansbe‘found in Annex E.

10| Marking, labelling and packaging

10{1 Marking

A tape of at least 3 mm wide printed-with a reference identifying the manufacturer shall be incorporated into the
roge. The maximum distance between two consecutive markings shall be 0,5 m.

10|2 Labelling

Anlidentification plague.or alternative means shall be installed close to the splice with the following information,
asja minimum:

a) | purchase.identification;

b) | individual identification number;

c) | réference to this Technical Specification, i.e. ISO/TS 14909;

d) type of construction (TF or TM), in accordance with 6.2;
e) rope MBS;

f)  rope length at a specified load, according to 7.2.2.

10.3 Packaging

If the assembly is packed on a spool or a reel, these shall be suitable for the applicable transportation means
and of appropriate construction in terms of strength.

© 1S0O 2012 — All rights reserved 7
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The packaging shall be marked with the manufacturer’s trademark and with the lot identification number.

NOTE The ropes can be delivered in steel reels or in containers. Alternative packaging designs can be provided with
the prior approval of the purchaser.

8 © 1S0 2012 — All rights reserved
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Annex A
(normative)

Fibre qualification and testing

s annex specifies the requirements for fibre qualification and testing.

.2 Fibre specification

A.2.1 General information

A flbre specification shall include at least the information defined below:

a) | identification and general properties of fibre;
b) | detailed specification of physical and mechanical properties,
NQTE General properties of material can be found in the material*safety data sheet.

A.2.2 Identification and general properties

T

=

e following information shall be provided in the fibre specification:
producer of fibres;
fibre designation;
fibre material (HMPE);
number of filaments;
nominal size (linear density);

average tenacity.

A.2.3 Physicalland mechanical properties

Th
a)
b)
c)
d)

e)

e following.information shall be provided in the fibre specification, including tolerances on specified

linear density;

properties:

dry breaking strengt;
dry elongation to break;

dry elongation at a specified load level;

elongation (%) in a reference condition, i.e. a specified tension (specific stress in newtons per tex) and

temperature (°C) and time.

These properties shall be documented by test results in accordance with A.4.

© 1SO 2012 — All rights reserved
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A.2.4 Creep properties

In addition to data in A.2.3 e) above, the following information extracted from a documented model of fibre creep
properties based on test results shall be made available by the fibre manufacturer to the rope manufacturer, covering:

a) creep rate (per cent divided by time unit) and allowable extension (%) (or allowable creep time), under a

range

of specific stresses (N/tex) and temperatures, to cover those expected in operation,

b) creep rate (per cent divided by time unit) under the tension [and corresponding specific stress (N/tex)] and

at the

temperature (°C) during rope creep test in accordance with Annex C,

Cc) creep

NOTE 1
Annex F an

NOTE 2
allowable lif

A3 Fi

For each
following i

a) fibre d
b) mergq

c) size(l

—

d) drybr
e) dryel

f) creep

For accepfance testing, the properties in_a) to f) shall be obtained from testing on a representative numbe

samples t3

For each g

A4 Fi

A.41 F
The fibre i

The fibre

rate In the conditions of fibre testing during production.

The “creep rate” in this subclause refers to the creep rate in the so-called “steady state creep” regime (
i Reference [2]).

Data of creep properties are used by the rope manufacturer (or by the purchaser) to evaluate the cr
e time of the rope (see Annex F).
pre test certificate

delivery, the fibre manufacturer shall issue a raw material certificate, including, at least,
hformation:

esignation;

number/batch identification;
near density);

paking strength;

bngation to break;

test (see A.4.2 below).

ken from the delivery, not less-than once every 5 000 kg (and 10 000 kg for creep test only).

pre testing

ibre linear’density and strength

hear density shall be tested in accordance with ASTM D1907 and I1SO 2060.

bee

bep

he

r of

roperty, the number of tests, the mean value and the standard deviation or range shall be reported.

stkfemgth and elongation shall be determined based on five samples of basic yarn samples tal

en

and teste

. These samples shall be conditioned to equilibrium to a temperature of 21 + 1 °C and a rela

Ive

humidity of 60 + 10 %. After conditioning, the samples shall be loaded to break in accordance with ASTM D885,
ASTM D2256, ISO 2062 or a documented equivalent method established by the fibre manufacture and derived
from existing standards (see Reference [5]). The testing method to be used shall be identified in the rope design
documentation. The same method is then to be used whenever the yarn is tested by the fibre manufacturer.
The average yarn breaking strength and elongation shall be determined and recorded.

10
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A.4.2 Creep — Testing of current production

The creep performance of fibre during fibre production shall be verified by testing for measurement of the
elongation (per cent per day) in the reference condition given in the fibre specification, i.e. a specified tension
(specific stress in newtons per tex) and temperature (°C) and time.

NOTE As an example, the following conditions can be used:
— tension: 0,8 N/tex;

— temperature: 50 °C;

— | time: 5h.

© 1S0O 2012 — Al rights reserved 1
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Annex B
(normative)

Rope testing

B.1 General

This annex specifies the requirements for full-size testing of rope samples and addresses the following tesis:
a) strendth and stiffness;

b) linear|density;

c) cycliclloading endurance;
d) particle ingress resistance.
NOTE 1 Requirements for testing of torque properties, whenever applicable, can be found in B.6 of ISO 18692:20Q7.

NOTE 2  [For the requirements for creep testing, see Annex C.

B.2 Testing conditions

B.2.1 ope samples

The rope tests, including strength, cyclic loading endurance and torque measurement shall be performed|on
samples with terminations that are identical to the supplied ropes. The strength and cyclic loading tests shall
be performed with fixed end conditions (without a.swivel).

Termination fittings shall be provided, with the 'same type of material and the same profile and dimensigns
(radius, grpove shape) as the thimbles for the supplied rope.

B.2.2 Ambient conditions
In all tests| the ambient temperature and humidity shall be recorded.
The water used for soaking; wetting and immersing shall be fresh water with no additives.

During thecyclic loading-endurance test (see B.5), the rope shall be wetted by a water spray or immersed, gnd
the tempefature shaill.be controlled in order to avoid overheating.

The tempdratudre'of the out-flowing water should not exceed 30 °C.

B.2.3 Testing machine

The testing machine shall be of at least class 2 in accordance with ISO 7500-1 and it shall be of such a type
that load (or cross-head displacement) can be controlled at all times, during both extension and retraction.

For the breaking test (step 10 in B.3.1), the use of a test machine with a fixed cross-head speed is acceptable,
provided time to failure is at least 2 min.

B.2.4 Load and elongation measurements
Load shall be measured by a strain gauge system and continuously recorded during each test.

NOTE In the loading sequences specified below, loads are given as a percentage of the specified MBS of the rope.
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The measurements of the gauge length elongation of the rope core shall be performed with a system of
adequate sensitivity for the intended sequences, taking into account the very small elongation of an HMPE
rope under such conditions. Extensometer or video image processing may be used.

The cover and the filter shall be cut for fastening of extensometer ends or for marking of core (in case of
measurement by video image processing).

B.3 Strength and stiffness test

B.34 Test prnrnr\lllrn

The following rope test procedure applies to verify the rope MBS, the minimum core specific strength and the
stiffness. The test shall be performed according to the following steps:

— | step 1: the sample shall be soaked for at least 4 h in fresh water;
— | step 2: the sample shall be installed in the test machine;
— | step 3: aload of 2 % of MBS shall be applied;

— | step 4: the rope shall be marked at each end, at a distance of threg‘times the rope diameter frpm the last
tuck of splices (see Figure B.1);

—| step 5: the extensometer shall be installed in a section 6f the rope undisturbed by the tg¢rmination,
between these marks;

—| step 6: a tension of 50 % of the rope MBS shall be applied'at a rate of 10 % MBS per minute and held for 30 min;

—| step 7: the tension shall be reduced to 10 % of the-rope MBS, at a rate of 10 % MBS per minutg;

—| step 8: a cycling tension between 10 % and\30 % of the rope MBS shall be applied 100 times, without
interruption, at a frequency of between 8,03 Hz and 0,1 Hz (bedding-in and measurement ¢f dynamic
stiffness after bedding-in);

— | step 9: where applicable, a cycling tension between specified limits shall be applied for a specified number
of cycles (dynamic or static stiffness measurements; see B.3.5), and without interruption; othgrwise, this
step is omitted;

— | step 10: the sample shall be unloaded, the extensometer removed, and the rope pulled to failure, at a
loading rate of approximately 20 % MBS per minute.

r
Ly

Figure B.1 — Marks, r, on the rope sample

B.3.2 Breaking strength

The tension at break of the rope sample shall be recorded.

All samples tested shall meet the MBS.

If the breaking load of one sample is lower than the MBS, two other samples shall be prepared and tested.

The rope is considered to comply with the breaking strength requirement in this Technical Specification only if
the results of both the subsequent two tests meet the MBS.

© 1S0O 2012 — All rights reserved 13


https://standardsiso.com/api/?name=96e22ea37244e7d965c8f9f56dd252c3

ISO/TS 14909:2012(E)

B.3.3

Load-elongation measurements

The rope test shall include the measurement of the following:

a) load versus total elongation (stroke), four plots as in the following:
1) steps5to7;
2) step §;
3) step 9 (whenever performed);
4) s‘ep 10;
b) gaugq length (extensometer) elongation (for the prototype rope), three plots as in the following;
1) Igad versus elongation encompassing steps 5 to 7;
2) Idad versus elongation for the last three full cycles at least, in step 8;
3) Igad versus elongation for the last three full cycles at least, in step 9, dynamig stiffness measuremgent
(Whenever performed);
c) continuous record of load and elongation versus time, during the three cygles of the quasi-static stiffn¢ss
measlirement (whenever performed).
NOTE The step numbers refer to B.3.1.
B.3.4 Dynamic stiffness at end of bedding-in
The dynanpic stiffness at end of bedding-in (step 8 of B.3.1).shall be obtained from the load and gauge length
elongation|measurements, and shall be calculated according to B.3.6.2.
B.3.5 Quasi-static stiffness and dynamic stiffness
B.3.5.1 THe quasi-static stiffness and the dynamic stiffness at other load levels shall be obtained from load gnd
gauge length elongation measurements in step 9 in B.3.1, and calculated according to B.3.6.3 and B.3.6.4.
NOTE Additional measurements of dynamic stiffness can be performed where agreed between the purchaser and
the manufagturer (see Annex F).
B.3.5.2 Fgr the measurementofthe quasi-static stiffness, the following cycling shall be applied in three [full
cycles without interruption:
a) slowly load the rope-tom 10 % of the rope MBS to 30 % of the rope MBS in a period of time betwgen
2 minfand 6 mip;
b) hold the load.at 30 % of the rope MBS for 30 min from the start time of a) above;
c) slowly unload the rope from 30 % of the rope MBS to 10 % of the rope MBS in a period of time betwgen
2 min and 6 min;
d) hold the load at 10 % of the rope MBS for 30 min from the start time of c) above.

This cycling shall be performed during step 9 of B.3.1 above on one sample before the cycling for the
dynamic stiffness.

NOTE

Other load levels can be considered where agreed between involved parties (see Annex F).

B.3.5.3 For the measurement of the dynamic stiffness, the following cycling shall be applied during step 9 of
B.3.1 at a frequency of between 0,03 Hz and 0,1 Hz:

14

step 9

a: on one sample: 100 cycles between 20 % and 30 % of the rope MBS;
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step 9b: on a second sample: 200 cycles between 30 % and 40 % of the rope MBS;

step 9c¢: on a third sample: 300 cycles between 40 % and 50 % of the rope MBS.
In the case of an interruption within a set of cycling, this set of cycling shall be repeated.

If the interruption leads to unloading of the rope, step 8 shall be performed again before re-running the
interrupted set of cycling.

B.3.5.4 Alternatively to the above-mentioned, measurements may be performed as follows.
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steps 9a, 9b, and 9c (see B.3.5.3), in ascending order of load. Then, the cycling may be, lim
cycles at each level.

ted to 100

b) [ These measurements are performed on a separate rope sample, in either wet or dry-condition according
to the following steps:
1) the sample shall be installed in the test machine;
2) steps 3 to 8 of B.3.1, including measurement of the dynamic stiffness'at the end of bedding-in;
3) step 9 of B.3.1 with cycling as per B.3.5.2 for the measurement of the quasi-static stiffness;
4) steps 9a, 9b, 9c of B.3.5.3 with cycling for the measuremént of the dynamic stiffness.
B.3.6 Calculation of mechanical properties
B.3.6.1 Core tenacity

The rope core tenacity shall be calculated as givenby Formula (B.1):

Fi

(= _BS (B.1)
Pico

where
t is the rope coreftenacity, expressed in newtons per tex (N/tex);
Fgs is the actual breaking strength of the rope, expressed in newtons (N), obtained in[step 10 of
B.3.1;
Pico is thedinear density of the rope core, expressed in tex, at 2 % of MBS, as measured during the

linear density test (see B.4).

B.3.6.2 \Dynamic stiffness at end of bedding-in

The-dyramie-stiffress—at-end-of-bedding-inis—ealeulatedfrom-theload-elongationmeasurerment at end of
step 8 of B.3.1.
The dynamic stiffness is calculated as given by Formula (B.2):
Fa0 —F1o
F
K., =—_-MBS (B.2)
rb L L
30 — £10
Ly
where
K is the dynamic stiffness after bedding-in;
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F3q—Fjg s the recorded variation of load over the 100th cycle;
Fygs is the specified minimum breaking strength of the rope;

Lag—Lqy s the elongation (strain variation) between F1g and F3p over the 100th cycle.
L1o

NOTE Alternatively, the stiffness can be obtained from the average slope of the load-elongation plot over the last
three full cycles.

B.3.6.3 Dynamic stiffness

Where required, the dynamic stiffness is calculated, using Formula (B.3), from load-elongation meastirements
of step 9a,/9b or 9c of B.3.5.3:

Fy —Fy
Krg x4y =L5M% (B.3)
Ly
where
K xJdy is the dynamic stiffness under cycling between load X ard)Y;

Fy —FHx isthe recorded variation of load over the last cycle;

Ly —-Iy isthe elongation between Fx and Fy over theast cycle.

NOTE Alternatively, the stiffness can be obtained ffom the average slope of the load-elongation plot over the |ast
three full cyfles.

B.3.6.4 Quasi-static stiffness

Whenever| required, the quasi-stati¢_stiffness is calculated from load-elongation measurements, usjng
Formula (B.4):

Fy —Fx
Fves
Krs, xtvan = Ty - Lp- (B.4)
Ly
where
K xIVerh is the quasi-static stiffness under cycling between loads X and Y, over a period of 1 h;
Fy —Fy is the recorded variation of load over the last cycle;
Ly —Ly is the recorded elongation between Fx and Fy over the last cycle.
Lx

NOTE 1 Alternatively, the quasi-static stiffness can be obtained by averaging the results over the last two cycles.

NOTE 2  The quasi-static stiffness for longer cycling periods can be obtained by extrapolation from the records of load
and elongation versus time (see Annex F).
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B.4 Linear density

B.4.1 Test procedure

The linear density is calculated from a dry sample of rope with at least 2 m free length (out of splice area, as
for the marks, r, in B.3.1) taken from the manufacturing process, according to the following procedure, unless
otherwise agreed on in a purchase order or contract:

a)

the sample shall be installed in the test machine;

c) | the sample shall be submitted to a tension of 2 % of MBS, and a length of about 2 m\marked as a
reference length, LRo;
d) [ the tension shall be increased to 20 % of the rope MBS, at a rate of 10 % of MBS pep minute;
e) | a cycling tension between 15 % and 25 % of the rope MBS shall be applied 100 times at a frgquency of
between 0,03 Hz and 0,1 Hz;
f) | after cycling, the tension shall be maintained at 20 % of the rope MBS and’the reference length,|Lr20, shall
be measured, immediately after this tension is reached;
g) | the tension shall be lowered to 2 % of MBS and the reference length, Lro2, shall be measyred again,
immediately after the 2 % tension is reached;
h) | after unloading, the sample shall be cut upon the reference'length marks. The cut sections shall|be flat and
perpendicular to the rope longitudinal axis;
i) | the mass of the segment shall be measured and recorded;
i) | after removing the cover, the mass of the coré’segment shall be also measured and recorded.
NQTE The linear density includes the dry mass of the coating applied.
B.4.2 Calculation of linear defisities
The linear densities shall be caleulated as:
mR mR mR MRC
Pip =7 Pi20=7"— P2 =7 Prco =7 B.5
Lro Lr2o Lgro ' Lro (8.5)
where
Plo is the linear density of the rope, expressed in kilotex (ktex), as manufactured, under 2 % of
' MBS;
2120 is the linear density of the rope, expressed in kilotex (ktex), after the rope has bgen cycled
L andunder20 % of MBS
P2 is the linear density of the rope, expressed in kilotex (ktex), under 2 % of MBS after being
mechanically worked to the above-mentioned procedure;
P1co is the linear density of the rope core, expressed in kilotex (ktex), as manufactured, under 2 %
of MBS;
mg is the mass of the reference length, expressed in grams (g);
MRC is the mass of the reference length of rope core, expressed in grams (g);
© 1S0O 2012 — All rights reserved 17
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is the (length of the) reference length, expressed in metres (m), as manufactured, under 2 %

of MBS;

is the (length of the) reference length, expressed in metres (m), after the rope has been

cycled and under a tension of 20 % of MBS;

is the (length of the) reference length, expressed in metres (m), under 2 % of MBS after being

mechanically worked to the above procedure.

B.5 Cyclic loading endurance test

B.5.1 Rlanning

A load ran

The corregponding minimum number of cycles shall be obtained from Figure B.2.

The mean

NOTE 1

Fnin =

and

max

NOTE 2

N-R0

where

=|F,

pe, R, of between 40 % and 50 % of MBS shall be selected by the manufacturer.

oad, Fpean, during test shall be such that the maximum load, F 5, is within2-% and 55 % of M

The levels for cycling are then:

R
. :
mean ~ 5, (
R
mean+5 (E

The number of cycles, N, in Figure B.2 is given by Formula (B.8):

P =166 (H

is the load range divided by thesMBS;
=17 000 for R = 0,4;

=5500 for R=0,5.

6)

7)

8)

18
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Figure B.2 — Minimum requirement for-cyclic loading test

.p.2 Test procedure

b cyclic loading test shall be performed as follows:
the sample shall be soaked for at least 4 h in'fresh water;
the sample shall be installed in the test*machine;
a load of 2 % of the MBS shall be-applied;

a tension of 50 % of the rope MBS shall be applied at a rate of about 10 % of MBS per n
held for 30 min;

the tension shall be reduced to 30 % of the rope MBS at a rate of about 10 % of MBS per minu

Clic loading between the selected levels F,;, and F,,,5, shall be applied for at least the specified
les at a frequency-of between 0,01 Hz and 0,2 Hz (see B.2.2).

unload thesample, and pull the rope to failure at a loading rate of approximately 20 % of MBS j

TE The value of the load at breaking shows the residual strength of the rope and is given only for infd

hinute and

te;

number of

ber minute.

rmation.

B.
On
a)
b)

c)

d)

Particle Ingress resistance
e sample shall be tested as follows:
a specimen from a new rope with useful length of at least two times the rope diameter shall be

the specimen ends shall be sealed with a waterproof compound;

selected;

the specimen shall be placed into a hyperbaric chamber and it shall be immersed in tap water with a

sufficient volume to cover it. It shall be kept for 60 min at atmospheric pressure;

an amount of soil shall be added at a proportion of 25 % of water mass;

© 1SO 2012 — All rights reserved
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e) a pressure of 10 MPa shall be applied during a period of 72 h. During this period, the soil shall not be
allowed to settle and it shall be kept suspended in water;

f) after this period, the pressure shall be removed and the rope core shall be examined by a scanning
electron microscope (SEM) to determine the efficiency of the filter in avoiding soil particle ingress with a
size equal to, or greater than, the one stipulated.

Y

—_

N W A OO O N ©® © o

10
20
30
40

60

/ o
/

90

[N

o

100 —>

D,001 0,01 0,1 1 10 X

Key
clay <4 pm

silt >2 pm and <63 pm
sand > B3 ym and <2 mm
gravel 3 2 mm and < 63 mm
particle|size (mm)

passing percentage (%)
retaineq percentage (%)

N < X & 0N =

Figure B.3 — Grading of soil for particle ingress resistance test
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Annex C
(normative)

Creep properties test

s annex specifies the requirements for creep properties test of HMPE ropes for stationkeeping.

TE The objective of this test is to calibrate long-term rope creep rates with data and model of fiBre,creep (s

P Test conditions

.1  Rope samples

b creep tests shall be performed on one sample of the rope to be qualified. For parallel construg
b test can be performed on a sub-rope.

minations of samples shall be adequate with respect to intended test sequence.

.2 Ambient conditions

b creep test shall be performed under controlled temperature conditions, and the temperature sh
constant as possible over test duration, within a;range of 5 °C.

b ambient temperature and humidity shall be recorded.

p.3  Testing machine and measurement

e testing machine and the measurement system shall be in accordance with the provisions of]
.4 in Annex B.

B Testing

3.1 Planningof test

bsting temperature not exceeding 25 °C shall be selected.

bnsion, 7, not exceeding 55 % of MBS shall be selected.

e Annex F).

tion ropes,

all be kept

B.2.3 and

8.2 Test procedure

The creep test shall be performed according to the following steps:

a)
b)

<)

the test piece shall be installed in the test machine;

a load of 2 % of MBS shall be applied;

the extensometer shall be installed in a section of the rope undisturbed by the termination;

a tension of 50 % of the rope MBS shall be applied at a rate of 10 % MBS per minute and held

the tension shall be reduced to 20 % of the rope MBS, at a rate of 10 % MBS per minute;

© 1SO 2012 — All rights reserved
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f) a cycling tension between 10 % and 30 % of the rope MBS shall be applied 300 times at a frequency of
between 0,03 Hz and 0,1 Hz;

g) the sample shall be loaded at the preselected tension, 7%, for a minimum period of 7 days (see F.2.4 in
Annex F) at the preselected temperature, and the gauge length shall be measured over this duration;

h) the sample shall be unloaded.

C.3.3 Load and elongation measurements

The rope test shall include the measurement of:

a) gaugd length elongation (three plots):

—_
~

dad versus elongation encompassing load steps 3 to 5;

N
-

dad versus elongation for the 100th cycle, step 6;

&L

dad and elongation versus time, over the complete duration of step 7 (contifhuous measurement,
sampling rate: once per hour, minimum);

b) load versus overall elongation (stroke), two plots as the following:
1) Igad steps 3 to 5;
2) the last cycle of load step 6;

c) overall elongation (stroke) versus time over the complete duration of step 7.

C.3.4 (reep properties

The creeprate (per cent divided by time unit) is to be obtained by fitting of the elongation versus time (in natyral
scale) over the end of the test (e.g. the second half of-step 7).

The specifjc stress, Sc, during creep test is calculated using Formula (C.1):

s, = [ fves (€.1)
0l:co
where
T is the tension.(imper cent of MBS);
FwmBs is the specified minimum breaking strength of the rope, expressed in newtons (N);
Pi.co is the\linear density of the rope core, as manufactured, under 2 % of MBS obtained from the

linear density test (see B.4) or, where the test is performed on a sub-rope, the linear density of
the sub-rope, expressed in kilotex.

The followlrgdata—shat-berecorded:

— type of sample and linear density;

— applied tension, r, and specific stress, Sg;
— temperature during step 7,

— creep rate.
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Guidance for rope handling care

NOTE This annex is extracted from 1ISO 18692:2007.

ISO/TS 14909:2012(E)

D. General considerations

WHhenever fibre ropes for offshore stationkeeping are being handled, avoid the following:

a) | contact between rope and sharp edges (attention to vessel's drum area and stern.roller);

b) | excessive abrasion between rope and rough surfaces (attention to vessel’s deck and stern roll

Figure D.1

11
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c)

24
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Figure D.5
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Figure D.6

d) excespive dirt in the rope and work area (oil, mud, scraps);

Figure D.7

e) excessive twist or bending in the rope;
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D.2 Presentation of rope on reels
Fibre ropes for offshore stationkeeping are normally supplied wound on to steel reels.

Protective packaging material is wound around the main body of the rope to provide protection during
transportation.

Packaging material should be carefully removed without cutting or damaging the rope. Strapping around the
packaging may be under high tension and can snap back when cut, so extra care should be taken.
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Insert segments are likely to be provided in packing crates of considerable dimension. Crates may be handled
with a forklift truck of suitable dimension and working load, provided the fork positions enable safe lifting.
Alternatively, the crates may be lifted by a slinging arrangement, provided the slings are connected to the
underside of the crate and are positioned to enable equal load distribution and safe lifting. Lifting slings, which
risk damaging the crate, thereby exposing the segments packed inside, are not permitted.

D.3 Reel lifting and handling

Where using a crane, reels should be lifted using a specified lifting arrangement.

Wheneverllifting reels, the initial load application and final set-down should be conducted as slowly and gently
as possiblé to prevent the imposition of undue acceleration and deceleration forces.

Reels shoyld not be rolled on the floor where loaded with rope. Whenever empty, reels should not berolléd unlg¢ss
it is absoluely essential, and only on flat clear ground and where methods to fully control rolling-are applied.

Reels shodild not be twisted or moved sideways while standing on the ground. Forklift trucks'should not be uged
to lift reels|in either the full or empty condition.

Where ree| cradles are provided, the reel should not be disconnected from the cradle until just prior to installafion
into the rope spooling mechanism. The use of the cradle prevents reel rolling, minimizes instability and ensufes
correct regl orientation whenever in storage.

D.4 Reel storage and maintenance

The ropes|should be stored on reels on flat ground in reel cradles; where supplied, or else suitably chocked
to preventlany unexpected movement. They should not be stacked on top of each other. The reels should
be covered if stored outside to avoid prolonged exposure to, sunlight, prevent plant growth on the ropes and
prevent aljrasive particles from being deposited in the cover. These measures ensure that the rope cover is
maintained in as good a condition as possible.

Steel spodls and other fittings should not be conpected to the rope whenever stored on a reel to avoid chafjng
of the ropq cover.

D.5 Installation

D.5.1 eployment overboard

a) Wherg¢ a new rope is in‘eontact with the vessel’s deck and stern roller, spraying water directly on the rgpe
helps fo avoid damage, caused by external abrasion and reduce rope internal abrasion between fibres
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Figure D.10

b) [ Whenever installing the thimble, avoid excessive opening ofithe rope eye, which can damage gr crack the
polyurethane coating.

Figure D.11

c) Avoid proximity with works involving fire, corrosive chemical products, or excessive heat. If unavoidable,
protect the rope.
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Figure D.12

d) Avoid|contact of the rope with the seabed.

D.5.2 Lline tensions and re-reeling

The maxinpum line tension during deployment should be calctlated and designed not to exceed 10 % of MIBS.
The deployment of heavy anchors and long lengths of chain may be required. It is recommended that the
rope not slipport the complete mass of these and that they be either pre-deployed or a second line be usged.
In the lattgdr case, care should be taken to avoid the second line causing damage to the rope both during the
deployment and after disconnection. This second work line should ideally be a torque-balanced fibre rope.

The standard reels on which ropes are normally-transported cannot withstand line tensions over a few tonnges.
Itis recommended that the ropes be transferred to a winch drum on an anchor-handling vessel or to a purpofe-
built deployment reel. The lines can then:be deployed directly from the winch or from the deployment reel vig a
dedicated deployment winch. Any temporary connection to the eye during re-reeling should be made using a
fibre rope pr webbing sling. The load-in any connecting rope should be kept to a minimum to avoid cutting ipto
the bearing point of the eye.

To reduce the chances of bufying on a drum and possible damage caused to the cover by relative movementf of
the rope against the layerbelow, the deployment tension should be designed to be as low as possible. Applyjng
tension during re-reeling on to a winch or storage drum helps avoid burying, along with a good travefse
mechanism. As a_guide, lines re-reeled at low tension and deployed with a line tension below 5 % of MBS|do
not experi¢nce prablems with burying.

D.5.3 guipmentcondition

All surfaces with which the rope can come into contact should be smooth and free of sharp edges. Relative
movement between the rope and any equipment that it can come into contact with during deployment should
be avoided. Special care should be taken to avoid contact between the polyurethane eyes of the rope and
metal parts such as winch frameworks.

D.5.4 Rollers and rope bending

Occasional bending and running over rollers is allowable during deployment. The rope should not be repeatedly
cycled around rollers for prolonged periods of time. The rope should also not be left curled for prolonged
periods around bends under dynamic loading conditions.

Drums, sheaves and rollers should rotate freely.
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The minimum storage D/d proportion is given by the barrel diameter of the transport reels. Insert lengths may
utilize a lesser D/d proportion whenever packed in the original shipment.

D.5.5 Pre-tensioning and hook-up

In order to test the anchors and to remove initial constructional stretch from the tethers, a tensioning programme
may be used. It may also be necessary to re-tension the lines from time to time during the early life of the
mooring system and after its first storm loading in order to remove further constructional extension from the
rope. Line tensions should continue to be monitored and retensioning should be completed where necessary.

should be
el and fully

subbmerged in the seawater.

D.p Identifying damage

D.6.1 Damage to the rope cover

Snjall external damages, such as dirt and minor abrasion, are very common. The objective of the rope cover and
filtgr is to protect the inner cores. The cover and filter are not considered\for calculations of rope pgrformance
redarding, for example, breaking strength and stiffness.

Figure D.13

Exjernal damage can be visually identified as the following.

a) Excess dirt, which does not represent major damage. The objective of the cover is to protect the rope
cores. In this case, wash the area with fresh water.
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Figure D.14

b) Cuts ih the rope cover exposing the cores. In this case, if the exposed area of the core does not show
any sign of cuts or dirt, cover the area with small diameter cords_in a spiral array and secure them With
reinfofced adhesive tape; otherwise, the rope should be rejected.

Figure D.15
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Figure D.16

Figure D.17

¢) L¥hreadbarecovercaused-byabrasionwithouta-cut-tndhis-casecoverthe-areawithroinforced-adhesive tape.
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D.6.2

Figure D.18

Figure D.19

Damage to the rope core

Ropes with damaged cores should be rejected.
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Figure D.20

It should be noted that only major internal damage can be identified visually. Excessive nonlinearity fin the rope
suffface may represent internal damage.
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Figure D.22
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Annex E
(informative)

Certificate of conformity — High modulus polyethylene (HMPE) ropes for
offshore stationkeeping

Certificate number:

quchaser

P+rchaser order number

Plloduction order

ROPE IDENTIFICATION

D¢signation

R¢ference document : | ISO/TS 14909

MLteriaI .| High modulus polyethylene (HMPE)

Reference number

Type of construction . | Torque-neutral (type-T'F) — Torque-matched (type TM) *
Lihear density (ktex)

M|nimum breaking strength (kN)

RCS/Type approval certificate number

* gpecify
I{em Rope Nominal length Actual length Rope length at Rope net Plackaging
individual (at ...% MBS) (at ...% MBS) reeling handling mass number
identifica- tension
tion
number
(m) (m) (m) (kg) **
1

*%

including termination and fitting
Place: Date:

Quality Control Supervisor
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