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Recommendation ITU-T L.105/L.87

Optical fibre cables for drop applications

Amendment 1

Summary

Recommendation ITU-T L.87 describes the characteristics, construction and test methods of optical
fibre cables for drop applications. Optical fibre drop cables are used to connect customer and optical
access networks. Access points may be located both outdoors or indoors, depending on the access
network configuration. When access points are located outdoors, optical drop cables are exposed to
both outdoor and indoor environments. In this case the optical drop cable should be designed for both
environments.

This Recommendation also describes the characteristics that a cable requires for an optical fibre to
perform appropriately. Moreover, a method is described for determining whether or not the cable has
the required characteristics. The required conditions may differ according to the installation
environment; detailed test conditions must be agreed upon between the user and manufacturer as
regards the environment in which the cable is to be used (in case of applying small bends during and
after installation, especially).

Amendment 1 aims to provide the latest standard development and application experience of drop
cables in China.

History
Edition Recommendation Approval Study Group Unique ID*
1.0 ITU-T L.105/L.87 2010-07-29 15 11.1002/1000/10920
11 ITU-T L.105/L.87 (2010) Amd. 1  2020-03-07 15 11.1002/1000/14236

*

To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web
browser, followed by the Recommendation’s unique ID. For example, http://handle.itu.int/11.1002/1000/11
830-en.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must™ and the negative equivalents are used to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve
the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers are
cautioned that this may not represent the latest information and are therefore strongly urged to consult the TSB
patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2020

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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Introduction

Optical fibre drop cables are used to connect the customer and optical access networks. For office
users, conventional underground and aerial cables can be employed. However, household users
usually require one or more fibre cables. Therefore, cables are often designed specifically for this
purpose. Access points may be located both outdoors or indoors, depending on the access network
configuration. When access points are located outdoors, optical drop cables are exposed to both
outdoor and indoor environments. In this case, optical drop cables should be designed for both
environments. The required characteristics may also differ from those of standard underground or
aerial cables. This Recommendation has been developed to deal with this situation.
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Recommendation ITU-T L.105/L.87

Optical fibre cables for drop applications

Amendment 1

Editorial note: This is a complete-text publication. Modifications introduced by this amendment are
shown in revision marks relative to Recommendation ITU-T L.105/L.87 (2010).

1 Scope

This Recommendation:

— refers to optical fibre cables to be mainly used for connecting a household customer and an
optical access network;

— deals with the mechanical and environmental characteristics of optical fibre cables for drop
applications. The optical fibre dimensional and transmission characteristics, together with
their test methods, should comply with [ITU-T G.652] or [ITU-T G.657], which deal with
single-mode optical fibres. When using multi-mode or plastic fibres, [IEC 60793-2-10] and
[IEC 60793-2-40] are suitable standards, respectively;

— deals with fundamental considerations related to optical fibre cables from mechanical and
environmental standpoints;

— acknowledges that some optical fibre cables may contain metallic elements, for which
reference should be made to other L-series Recommendations;

— recommends that an optical fibre cable should be provided with cable end-sealing and
protection during cable delivery and storage, as used for metallic cables. If splicing
components have been factory installed they should be adequately protected.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly published. The reference to a document within this
Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T G.650.1] Recommendation ITU-T G.650.1 (2010), Definitions and test methods for
linear, deterministic attributes of single-mode fibre and cable.

[ITU-T G.652] Recommendation ITU-T G.652 (2009), Characteristics of a single-mode
optical fibre cable.

[ITU-T G.657] Recommendation ITU-T G.657 (2009), Characteristics of a bending-loss
insensitive single-mode optical fibre and cable for the access network.

[ITU-T L.1] Recommendation ITU-T L.1 (1988), Construction, installation and protection
of telecommunication cables in public networks.
[ITU-T L.46] Recommendation ITU-T L.46 (2000), Protection of telecommunication cables

and plant from biological attack.

Rec. ITU-T L.105/L.87 (2010)/Amd.1 (03/2020) 1



[IEC 60189-1] IEC 60189-1 (2007), Low-frequency telecommunication cables and wires with
PVC insulation and PVC sheath — Part 1: General test and measuring
methods.

[IEC 60332-1] IEC 60332-1 (1979), Tests on electric cables under fire conditions — Part 1:
Test for vertical insulated wire or cable.

[IEC 60332-3-24] IEC 60332-3-24 (2000), Test on electric cables under fire conditions —
Part 3-24: Test for vertical flame spread of vertically-mounted bunched wires
or cables — Category C.

[IEC 60754-1] IEC 60754-1 (1994), Test on gases evolved during combustion of materials
from cables — Part 1: Determination of the amount of halogen acid gas.
[IEC 60754-2] IEC 60754-2 (1991), Test on gases evolved during combustion of electric

cables — Part 2: Determination of degree of acidity of gases evolved during the
combustion of materials taken from electric cables by measuring pH and
conductivity.

[IEC 60793-1] IEC 60793-1 (2001), Optical fibres — Part 1: Generic specification.

[IEC 60793-1-32] IEC 60793-1-32 (2001), Optical fibres — Part 1-32: Measurement methods and
test procedures — Coating strippability.

[IEC 60793-2-10] IEC 60793-2-10 (2007), Optical fibres — Part 2-10: Product specifications —
Sectional specification for category A1 multimode fibres.

[IEC 60793-2-40] IEC 60793-2-40 (2009), Optical fibres — Part 2-40: Product specifications —
Sectional specification for category A4 multimode fibres.

[IEC 60794-1-1] IEC 60794-1-1 (2003), Optical fibre cables — Part 1-1: Generic specification —
General.

[IEC 60794-1-2] IEC 60794-1-2 (2005), Optical fibre cables — Part 1-2: Generic specification —
Basic optical cable test procedures.

[IEC 60794-1-211 |IEC 60794-1-21 (2015), Optical fibre cables — Part 1-21: Generic
specification — Basic optical cable test procedures — Mechanical tests methods.

[IEC 61034-1] IEC 61034-1 (2005), Measurement of smoke density of cables burning under
defined conditions — Part 1: Test apparatus.
[IEC 61034-2] IEC 61034-2 (2005), Measurement of smoke density of cables burning under

defined conditions — Part 1: Test procedure and requirements.
[IEC/TR 62048] IEC/TR 62048 (2002), Optical fibres — Realibility — Power law theory.

3 Definitions
For the purpose of this Recommendation, the definitions given in [ITU-T G.650.1] apply.

4 Abbreviations and acronyms
heane-

FRPE Flame-Retardant Polyethylene

MDU Multi-Dwelling Unit
OTDR_Optical Time-Domain Reflectometry
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5 Conventions
None.

6 Characteristics of the optical fibres and cables

6.1 Optical fibres

6.1.1 Single-mode fibres
[ITU-T G.652] or [ITU-T G.657] should be used.

6.1.2 Multimode fibres
[IEC 60793-2-10] should be used.

6.1.3 Plastic fibres
[IEC 60793-2-40] should be used.

6.2 Mechanical characteristics

If mechanical forces (e.g., longitudinal strain, buckling, bending, torsion, crush and kink) are applied,
they may affect the performance of a fibre and a cable. This clause describes the relationship between
typical mechanical forces and cable performance.

6.2.1 Bending

Cable bending during installation and operation may impose strain on fibres, and this may affect fibre
reliability. Bending also causes a loss increase. Therefore, the cable bending radius must be kept large
enough to avoid any loss increase or fibre lifetime degradation when designing a tensile member or
limiting the installation conditions.

In case of using bending loss insensitive fibres, fibre lifetime calculation should be done carefully
based on actual installation conditions. Therefore, it is important for manufacturers and users to agree
upon typical, general or harsh (worst case) installation conditions.

[IEC/TR 62048] describes two regions of mechanical reliability. One is the low strength tail of the
distribution or extrinsic region which covers large flaws in the glass optical fibre. The other region is
the intrinsic strength portion which describes the high strength bulk of the fibre.

When the fibre bending radius is small, there are two considerations to avoid risks of fibre
degradation. One is to increase the fibre proof stress level to limit extrinsic flaws on the fibre. The
second is to limit the small bend portions along the route where the cable is installed. The random
flaws that limit the extrinsic strength have a very low probability distribution in glass optical fibres
manufactured with modern materials using well controlled processes. Therefore, it is negligible that
a small bend will occur at the exact location of a random flaw.

The cable structure is also an important issue when fibre lifetime calculation and fibre loss estimation
are done, because fibre bending radius is strongly dependent on the cable structure. Generally, the
cable bending radius is determined by its inner radius. Therefore, when the fibre is located in the
centre of the cable, with cable diameter D and cable bending radius r, the fibre bending radius is r +
D/2. In case of a small cable bending radius, such as when r is nearly equal to D, the above calculation
cannot be neglected.

6.2.2 Tensile strength

The optical fibre cable is subjected to short-term loading during manufacture and installation, and
may be affected by continuous static loading and/or cyclic loading during operation (e.g., temperature
variation). Changes to the tension of the cable as a result of the various factors encountered by a cable
during its service life can cause the differential movement of the cable components. This effect needs
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to be considered in the cable design. Excessive cable tensile loading increases the optical loss and
may cause increased residual strain in the fibre if the cable cannot relax. To avoid this, the maximum
tensile strength determined by the cable construction, especially as regards the design of the strength
member, should not be exceeded.

NOTE — Where a cable is subjected to permanent loading during its operational life, the fibre should preferably
not experience additional strain.

6.2.3 Bending with tension (axial strain)

It may happen that small bending and residual strain are applied to the fibres simultaneously. In this
case, precise analyses for fibre degradation will be described in [IEC/TR 62048] edition 2. However,
in order to estimate fibre lifetime, a calculation model which is agreed between manufacturers and
users should be required. If any kind of test will be done for this purpose, the test condition should
be agreed between manufacturers and users.

6.2.4 Crush and impact
The cable may be subjected to crushing and impact both during its installation and operational life.

This crushing and impact may increase the optical loss (permanently or during the time the stress is
applied) and excessive stress may lead to fibre fracture.

6.2.5 Torsion

Under the dynamic conditions encountered during installation and operation, the cable may be
subjected to torsion, resulting in residual strain on the fibres and/or sheath damage. If this is the case,
the cable design should allow a specified number of cable twists per unit length without any increase
in fibre loss and/or sheath damage.

6.3 Environmental conditions

This clause describes expected environmental conditions that must be considered when designing
optical fibre cables for drop applications.

6.3.1 Temperature variation

Temperature variation strongly depends on the climatic conditions at the location where optical fibre
drop cables are installed. Therefore, it is important to examine the expected temperature range during
their operational lifetime. It is recommended that the optical fibre cable structure be designed so that
no increase in fibre attenuation exceeds the specified limits under those conditions.

6.3.2 Rodent attack

Rodents may be found in areas where optical fibre drop cables are installed. Where those rodents
cannot be excluded, a suitable and effective protection should be provided. Further information is
described in [ITU-T L.46], "Protection of telecommunication cables and plant from biological
attack".

Common methods of rodent protection are performed by applying a barrier made of GRP, glass yarns
or metallic tapes/wires. Armouring with metallic elements can provide most effective protection.

6.3.3 Water immersion

When an optical fibre cable is soaked in water, moisture permeation and water penetration may result,
depending on the cable structure. When there is a crack in the cable sheath, water may soak into the
cable core. Water causes fibre strength degradation more rapidly than high humidity. If there is a
possibility that the cable will be soaked in water, it is recommended that water-blocking materials be
used to prevent the cable core from becoming immersed in water.
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6.4 Fire safety

Fire safety is an important problem in buildings and houses. There are two major issues. The first is
that the cables and cable elements should be difficult to burn. In other words, the cables and cable
elements should have flame retardant characteristics. The second is that the cables and cable elements
should not generate toxic gases or smoke when burning. Fire performance requirements may differ
from country to country. Optical cables for drop applications should comply with the fire safety
regulations of each country or telecommunication carrier.

7 Cable construction

7.1 Fibre protection

7.1.1 Fibre primary coating
Primary coated fibres must comply with the relevant ITU-T G.65x-series Recommendations.

7.1.2 Buffered fibre

When using a tight or semi-tight buffer (loosely applied), the following characteristics are required:
— a tight buffer should be easily removable over a length of 10 to 25 mm for fibre splicing;

— a semi-tight buffer should be easily removable over a length of 300 to 500 mm for fibre
splicing;

- with a tight buffer, the nominal diameter should be between 300 and 1300 pum, based on an
agreement between the user and supplier. The tolerance should be + 100 pum;

- with a semi-tight buffer, the nominal diameter should be between 300 and 1300 pum, based
on an agreement between the user and supplier. The tolerance should be = 100 um.

7.1.3  Further protection

When a buffered fibre requires further protection, a sheath that includes one or two non-metallic
strength members can be used. The sheath should be made of a suitable material.

7.2 Cable element

The make-up of the cable, in particular the number of fibres, the methods used for their protection
and identification, and the location of strength members, should be clearly defined.

721 Tube

A tube construction is used for packaging one or more optical fibre(s). The tube may contain filling
material. A composite wall can be used for reinforcement.

7.2.2  Strength member

The cable should be designed with sufficient strength members to meet installation and service
conditions so that the fibres are not subjected to strain levels exceeding those agreed between
manufacturers and customers. The strength member may be either metallic or non-metallic.

The cable for drop applications may be classified as a self-supporting type, when it has, for example,
a figure-of-eight construction, or when the strength members are located in the cable core and/or in
the sheath. Alternatively, the cable may be supported by attaching it to a supporting strand.

Knowledge of span, sag, wind and ice-loading is necessary to design a cable for use in aerial
applications.
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7.3 Sheath

The cable core shall be covered with a sheath or sheaths suitable for the relevant environmental and
mechanical conditions associated with storage, installation and operation. The sheath may be of a
composite construction and may include strength members.

Considerations as regards the sheaths for optical fibre cables are generally the same as those for
metallic conductor cables. Consideration should also be given to the amount of hydrogen generated
from a metallic moisture barrier. The minimum acceptable thickness of the sheath should be stated,
together with any allowable overall maximum and minimum diameters for the cable.

The selection of the sheath material is an important issue in terms of satisfying fire safety
requirements. Polyethylene is widely used as a cable sheath material. However, it may not be suitable
for drop cables from the viewpoint of fire safety.

1.4 Armour

Armouring is provided where additional tensile strength or protection from external damage (crush,
impact, rodents, etc.) is required.

Armouring considerations for optical cables are generally the same as for metallic conductor cables.
However, hydrogen generation as a result of corrosion must be considered. It should be remembered
that the advantages of optical fibre cables, such as lightness and flexibility, will be reduced when an
armour is provided.

Armouring for metal-free cable may consist of aramid yarns, fibreglass reinforced strands or
strapping tape, etc.
7.5 Water-blocking materials

Filling a cable with water-blocking material or wrapping the cable core with layers of water-swellable
material are two means of protecting the fibres from water ingress. A water-blocking element (tapes,
filling compound, water swelling powder or combinations of materials) may be used. None of the
materials used should be harmful to human beings. The materials in the cable should be compatible,
and in particular should not adversely affect the fibre. These materials should not hinder splicing
and/or connection.

7.6 Cable identification

Embossing, sintering, imprinting, hot foil or surface printing can be used to identify cables by
agreement between the user and supplier.

8 Test methods
In this clause, if the word (optional) follows the test title, it means that the test is not mandatory.

8.1 Test methods for cable elements

8.1.1 Tests applicable to optical fibres

This clause describes optical fibre test methods related to splicing. Methods for testing the mechanical
and optical characteristics of optical fibres are described in [ITU-T G.650.1] and the [IEC 60793-1]
series.

8.1.1.1 Dimensions

[IEC 60189-1] shall be used for measuring buffered fibres, tubes, and cable diameters. This method
can be employed to measure the thickness of a cable sheath.
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8.1.1.2  Coating strippability
[IEC 60793-1-32] shall be used for measuring the strippability of primary or secondary fibre coatings.

8.1.1.3  Compatibility with filling material

When fibres contact a filling material, the stability of the fibre coating and the filling material should
be examined.

The stability of the coating stripping force shall be tested in accordance with method E5 in
[IEC 60794-1-2].

Dimension stability and coating transmissivity should be examined by using a test method agreed
upon by the cable manufacturer and buyer.

8.1.2 Tests applicable to tubes

8.1.2.1  Tube kink
Method G7 of [IEC 60794-1-2] shall be used for measuring the kink characteristics of a tube.

8.2 Test methods for mechanical characteristics of cable

This clause recommends appropriate tests and test methods for verifying the mechanical
characteristics of optical fibre cables. For test methods, reference shall be made to the [IEC 60794-1]
series.

8.2.1 Tensile strength
This test method applies to optical fibre cables installed under all environmental conditions.

Measurements are made to examine the behaviour of the fibre attenuation as a function of the load
on a cable during installation.

The test should be carried out in accordance with method E1A of [IEC 60794-1-2].

The amount of mechanical decoupling of the fibre and cable can be determined by measuring the
fibre elongation with optical phase shift test equipment, together with cable elongation.

This method may be non-destructive if the tension applied is within the operational values.
Test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.2 Bending

This test method applies to optical fibre cables installed under all environmental conditions.

The purpose of this test is to determine the ability of optical fibre cables to withstand bending around
a pulley, simulated by a test mandrel.

This test shall be carried out in accordance with method E11A of [IEC 60794-1-2].

The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.3 Flexing

This test method applies to optical fibre cables installed under all environmental conditions.
This test should be carried out in accordance with method E8 of [IEC 60794-1-2].

The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.4 Crushing

This test method applies to optical fibre cables installed under all environmental conditions.
This test shall be carried out in accordance with method E3 of [IEC 60794-1-2].
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The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.5 Torsion

This test method applies to optical fibre cables installed under all environmental conditions.
This test should be carried out in accordance with method E7 of [IEC 60794-1-2].

The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.6 Impact

This test method applies to optical fibre cables installed under all environmental conditions.
This test shall be carried out in accordance with method E4 of [IEC 60794-1-2].

The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.7 Kink

This test method applies to optical fibre cables installed under all environmental conditions.
This test should be carried out in accordance with method E10 of [IEC 60794-1-2].

The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.8  Vibration

This is a subject for further study.

8.2.9 Repeated bending

This test shall be carried out in accordance with method E6 of [IEC 60794-1-2].

The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.10 Repeated bending at low temperature (optional)

This test should be carried out in accordance with method E11A of [IEC 60794-1-2].

The test conditions should be agreed upon by the cable manufacturer and buyer.

8.2.11 Bending with tension (optional)

The test procedure and conditions should be agreed upon by the cable manufacturer and buyer.

8.3 Test methods for environmental characteristics

This clause recommends appropriate tests and test methods for verifying the environmental
characteristics of optical fibre cables.

8.3.1 Temperature cycling
This test method applies to optical fibre cables installed under all environmental conditions.

Testing involves temperature cycling to determine the stability of the attenuation of a cable in the
presence of ambient temperature changes, which may occur during storage, transportation and
operation.

This test shall be carried out in accordance with method F1 of [IEC 60794-1-2].

8.4 Test methods for fire safety

This clause recommends appropriate tests and test methods for verifying the fire safety characteristics
of optical fibre cables.
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8.4.1 Flame retardant characteristics

This test shall be carried out in accordance with method [IEC 60332-1] or [IEC 60332-3-24], unless
there is an agreement between the cable manufacturer and buyer.

8.4.2  Toxic gases characteristics

This test shall be carried out in accordance with method [IEC 60754-1] or [IEC 60754-2], unless there
is an agreement between the cable manufacturer and buyer.

8.4.3 Smoke characteristics

This test shall be carried out in accordance with method [IEC 61034-1] or [IEC 61034-2], unless there
is a different agreement between the cable manufacturer and buyer.
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Appendix |

United States' experience — Cable installation conditions in multi-dwelling units
(MDUs) when using bending-loss insensitive fibre

(This appendix does not form an integral part of this Recommendation.)

Currently, the test that has the widest acceptance is the MDU simulation described in the Verizon
NEBS Document [b-Verizon TPR 9424]. This test describes an attenuation requirement at 1550 nm
that should be < 0.4 dB after the following simultaneous conditions as an MDU simulation:

. Ten 90° corner bends unloaded.

. One 90° corner bend w/2 kg load.

. One 90° corner bend w/14 kg (30% of the cable tensile strength).
. Two 10 mm mandrel wraps.

. Thirty T25 staples.

1.1 Mechanical reliability of optical fibre

Mechanical reliability of optical fibre is described in the document on power law reliability
[IEC/TR 62048]. This document describes two regions of mechanical reliability. One is the low
strength tail of the distribution or extrinsic region which covers large flaws in the glass optical fibre.
The largest acceptable flaw in an optical fibre is on the order of about 0.5 microns and is removed in
the 100 kpsi proof-test of the optical fibre. Understanding this low strength tail is essential in
understanding the performance of long lengths of fibre in strain as often found in outside plant cables.

The other region is the intrinsic strength portion which describes the high strength bulk of the fibre.
For short lengths of fibre such as what would be encountered with fastening, the intrinsic strength is
the important metric. The random flaws that limit the extrinsic strength have a very low probability
distribution in glass optical fibres manufactured with modern materials using well-controlled
processes. There is a near zero failure probability that fastening (i.e., stapling) would induce a small
bend occurring at the exact location of a random flaw. The details of this failure probability are
described in detail in [IEC/TR 62048] and require measurements of several parameters utilized to
characterize the mechanical strength. The intrinsic strength is found by testing short lengths of fibre
to mechanical failure. Typical values for modern glass fibres are greater than 550 kpsi. Thus, when
determining long-term reliability of fibres in tight bends, the rule of thumb is the long term stress
should be no more than one third the proof-test strength is conservative. It is more appropriate to look
at either 2-point bend tests or short length test to failure when addressing this critical region of fibre
strength. Figure 1.1 shows 2-point bend data for 125 micron solid glass optical fibre with an acrylate
coating.
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1.E+10

1.E+09 = Manufacturer A 31.7 yrs
o 1.E+08 + Manufacturer B 3.17 yrs
o

1.E+07 + Manufacturer C 115.7 days
X 1EH06 =t 11.57 days

h 1.E+05 %\27 77 hrs

S 1.E+04 %\2 77 hrs
g 1.E+03 %\16 66 min
= 1.E+02

1.5 2 2.5 3 3.5 4
bend diameter, mm

Figure 1.1 — Results of 2-point bend static fatigue tests for optical
fibres from three manufacturers
Solid lines denote extrapolation of average from the experimental data [b-Mazzarese]

When bends and tension are present at the same time, the two forces are additive. Figure 1.2 shows a
summary of an experiment that was developed to show this relationship. The results show the linear
and additive nature of these forces on the optical fibre.

Large mandrel for

applying load to Bottom Median Bending Total

system mandrel tensile stress stress

diameter strength

Optical fibre under test (mm) (GPa) (GPa) (GPa)
504 5.56 ~0 5.56

Small mandrel for 13 4.84 0.71 5.55

testing fibre with a

bend and tension 9.4 3.97 0.99 4,96
4.8 3.10 1.99 5.09

Figure 1.2 — Fibre testing: Bending with axial load with summary results [b-Mazzarese]

1.2 Comments on mechanical reliability of optical cables used in MDUs

It is desirable for MDU cables used in MDU deployments to have a small diameter to drive down
costs and simplify installation. Unfortunately, these conditions could lead to optical fibres in these
cables to be subjected to both bends and tension after installation. For example, when the MDU
installation practices described above are combined with the understanding of optical fibre reliability,
one can develop mechanical reliability requirements for optical drop cables that can be met in these
demanding environments. It was shown using x-ray images that it is plausible to have bend radii on
the order of 5 mm for 4.8 mm optical cables around corners and at places where the cable is fastened.
The conditions shown in those images are similar to what can be observed in the field and it is
essential that the fibre specifications include the 5 mm bend radius requirement to enable cable
designs that can be deployed in the MDU application space. Without a fibre that has a 5 mm radius
optical loss bend requirement many novel innovations that would facilitate rapid deployment may
suffer from unpredictable performance.
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The role of the optical cable is to protect the optical fibre. In traditional terrestrial long haul,
metropolitan, and submarines deployments, one looks at axial strain and limits the bend radius to
several cable diameters. In an in-building deployment optical cables will have a different set of
conditions where they may be pulled around tight corners and fastened (i.e., stapled). It has been
shown as illustrated in Amendment 1 to [ITU-T G.657], in an optical cable with a bend and tension,
the amount of strain on the optical fibre is several times greater than the strain expected for pure axial
tension. It is essential that the cable being used in these demanding applications be characterized to
appropriately assure that mechanical reliability of the optical fibre is preserved over the expected life
of the optical cable in the configurations that are expected to be encountered in the field, such as
described in the demanding deployment configuration above.

1.3 Reliability requirement for optical drop cables

The target for mechanical reliability of terrestrial long-haul, metropolitan, or submarine cables used
in the telecom industry is usually stated as less than 1 ppm failure in 30 years. With about 30 years
of deployment, evidence is that, other than some unforeseen early failures, current cable designs when
properly deployed meet these stringent requirements. The expected lifetime for copper drop cables
used to connect individual subscribers is on the order of ten years. Both these numbers have been
considered acceptable for their targeted application space, and may support thousands of users, while
a copper drop supports a single customer.

It is expected that the installation practices will impact the reliability of optical drop cables as
compared to terrestrial long-haul, metropolitan, or submarines cables, but the optical drop cable will
still provide substantially better performance than the copper drop cables. Comparing mechanical
performance of the optical drop cables in the configurations described in the demanding MDU
deployment is a way to have a common reference point that addresses many of the deployments that
may occur around the world. Though each service provider may have differing network requirements,
properly designed optical cables should provide a minimum reliability of less than 20 ppm failures in
20 years of service.
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Appendix 11

Draka's experience — Reliability and handling concerns for
cables using bending loss insensitive fibres

(This appendix does not form an integral part of this Recommendation)

A safety issue concerning reliability is proposed by means of an increased proof stress value
(1.38 GPa or 2% strain). Such ultra bend-insensitive fibres do not show so-called self-diagnosing of
risky bends (< 5 mm radius) in post-installation optical time-domain reflectometry (OTDR) or power
meter testing. Draka and others fear that such risky bends are a realistic possibility applying
"aggressive" installation techniques.

NOTE — A proof stress level of 1.38 GPa or 2% strain corresponds (for a fibre with glass diameter of 125 pum)
to a bend radius of slightly more than 3 mm or a pulling force of around 17 N; a 1% proof test level corresponds
to a bend radius of slightly more than 6 mm or a pulling force of around 8.5 N.

Using the well-known power-law theory of optical fibre reliability (see, e.g., [IEC/TR 62048]) it is
clear that the risky bend area (< 5 mm radius) still can be controlled by limiting extrinsic flaws, which
can be filtered by means of a higher proof test level. From 2.4 mm bend radius and smaller, the failure
probability explodes, because here the intrinsic failure mode takes over, dominating over the weak
spots, as shown in Table I1.1.

Table I1.1 — Failure probability in 25 years lifetime versus minimum
bend radius Rmin (proof test stress 0.69 Gpa)

Rmin (MmM) 15 10 7.5 5 2.5 2.4
Extrinsic F (ppm) 0.08 0.32 0.69 1.84 9.36 10.3
Intrinsic F (ppm) 0 0 0 0 0.43 33.3
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Appendix 111

Japanese experience — Test conditions for optical fibre drop cables using
bending loss insensitive fibres for indoor application

(This appendix does not form an integral part of this Recommendation)

I11.1  Repeated bending test

Procedure: E11A of [IEC 60794-1-2]

Condition:
Cable bending radius is equal to or less than 2.5 mm.
Measurement wavelengths are 1310 = 10 nm and 1550 + 20 nm.
Number of repeat is 10 times.

Acceptance criteria:
Loss increase is less than 0.1 dB.

I11.2  Crush test
Procedure: E3 of [IEC 60794-1-2]
Condition:
Lateral load is 1200 N/25 mm.
Loading time is 1 minute.
Measurement wavelength: 1310 £ 10 nm and 1550 £ 20 nm.
Acceptance criteria:
Loss increase is less than 0.1 dB.
No sheath breakage.

I11.3  Torsion test
Procedure: E7 of [IEC 60794-1-2]
Condition:
Sample length is 1 m.
Rotation angle is £90 degrees.
Measurement wavelengths are 1310 + 10 nm and 1550 + 20 nm.

Acceptance criteria:
Loss increase is less than 0.1 dB.
No sheath breakage.

I11.4  Impact test
Procedure: E4 of [IEC 60794-1-2]

Condition:
Hammer weight is 0.3 kg.
Fallen length of a hammer is 1 m.
Impact surface radius of hammer is 10 mm.
Measurement wavelengths are 1310 + 10 nm and 1550 + 20 nm.
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Acceptance criteria:
Loss increase is less than 0.1 dB after the test.
No sheath breakage.

I11.5 Folding test

Procedure: No international standard procedure for this test.

To measure loss change between not folded cable and 180-degree folded cable as shown in
Figure 111.1.

Condition:

Measurement wavelengths are 1310 = 10 nm and 1550 + 20 nm.
Acceptance criteria:

Loss increase is less than 0.1 dB.

No sheath breakage.

L.87(10)_Flll.1

Figure 111.1 — 180-degree folded cable
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Appendix 1V

Chinese experience — Optical fibre cables for drop applications
(This appendix does not form an integral part of this Recommendation.)

IV.1 Introduction

The optical broadband network construction is a hot topic all over the world, whHe-and it is in a rapid
development stage in China. Many network patterns can be adopted in the construction to meet the
market needs in order to make the fibres approach the—eustemers—every network user as much as
possible. - Ay ,

eentrueutte# Qgendlx mtroduces the requuements stateel—m%@kuneseet&nel&rdier—th& of optlcal
fibre drop cables—fer—drop—apphications_which have been widely applied in Chinese network

constructions.

IV.2  Scope

This productstandard-is-worked-eut-for-appendix concerns optical fibre cables for drop applications

used in FTTH, netwerks,also-forthese-cables-deployedin-FTTO and FTTB networks. Other cables
for drop applications with different structures can also refer to this standardappendix.

IV.3  Requirements
IV.3.1 Cable structure
1IV.3.1.1 Summary

, . The stendarer Qgendl
recommends a dry-core structure while other cable structures can also be adopted as long as they can
meet the mechanical, environmental and transmission requirements stated in-the-standardbelow.

There are currently two types of drop cable shapes: bow-type and round type. The fibre(s) of bow-type
drop cable are fixed in the middle of the cable structure, while for round-type drop cable, the fibre(s)
are tight buffered and loose in the cable structure. Thus, the round-type could bear more tensile
strength than bow-type.

The selection of cable structures, materials and shapes should consider the expected applications as
well as the installation conditions of the drop cables, especially in respect of flame-retardant

requirements.
1VV.3.1.2 Fibre

The single-mode fibres used in the cable should comply with [ITU-T G.652] and-or [ITU-T G.657].
The fibre count can be 1, 2 or 4, or other numbers as required by customers.

The identification of fibres in the cable can be implemented with the aid of a full colour spectrum.
Unless specified, the fibre colours shall be chosen according to the priority illustrated in Table V.1,
while natural colour can replace any one in the table.

Table IV.1 - Fibre colour spectrum

Sequence 1 2 3 4 5 6 7 8 9 L0 11 12
Colour Blue | Orange | Green | Brown | Grey | White | Red | Black | ¥Yelew | Vielet | Pink | Agua
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1V.3.1.3 Fibre ribbon

The structures and the dimensions of fibre ribbons should comply with [b-IEC 60794-3]. The number
of fibres in fibre ribbon is proposed to be 4.

1IV.3.1.4 Tight buffered fibre

When using a tight buffer, the nominal diameter should be between 0.80 mm and 0.90 mm, and the
tolerance should be +0.05 mm. LSZH polyolefin is proposed to be used as buffered coating material
while other materials with equivalent performance could also be used. The colour of buffer can be
white or natural colour, and when the cable consists of multicores, the colour of buffer should comply
with Table IV.1.

I\VV.3.1.5 Strength member

The strength members can be either metallic or non-metallic..~which-should-be According to the
specific structure and application, the strength member could be embedded in the cable sheath or
located around fibres. No joint is permitted along the cable delivery length.

IV.3.1.56 Messenger

Besides strength members, a messenger can be added in order to bear most of the tension imposed on
the cable for aerial or duct installation. For aerial installation, Fthe messenger may-eonsist-ef-is

usually one steel wire; or stranded steel wires-er-a-fibrereinforced-plastic(FRP}rod. While for duct
installation, the messenger could be steel wire or non-metallic rod. No joint is permitted along the
cable delivery length.

1V.3.1.67 Sheath

A layer of protective sheath should be extruded onto the cable core (with-a- and messenger).
The sheath material can be LSZH polyolefin, flame-retardant polyethylene (FRPE) or PVC.
Other materials can also be alse-adopted according to the requirements of customers. —as

For indoor-eables application, Ilght colours can be used for the sheath, whie-and for outdoor
eablesapplication, athe black shea%brcolour is preferred due to its good UV-resistant property.
The sheath should be smooth with uniform colour, and without cracks, bubbles or stains.

When the cable is installed through outdoor duct, a round-shape outer sheath layer should be applied.
According the cable structure, the material of the outer sheath layer can be polyethylene or the same
as the primary sheath layer. The outer sheath layer should be smooth and without cracks, bubbles or
stains.

IV.3.2 Standard manufacture length

The standard manufacture length of the cable should be in accordance with Table IV.2. The cable
delivery length shall be in accordance with the standard manufacture length, unless agreed otherwise
with the customer. No fibre joint is permitted along the cable delivery length.

Table IVV.2 — Standard cable manufacture length

Nominal Value (m) Tolerance (%)
500 0~+5
1000
2000
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IV.3.3 Performance
IV.3.3.1 Cabled fibre performance

IV.3.3.1.1 Single-mode fibre

The dimension parameters, mode field diameter, cut-off wavelength and macro-bending loss of the
fibres should comply with [ITU-T G.652] ard-or [ITU-T G.657].

1IV.3.3.1.2 Fibre ribbon
The characteristics of fibre ribbons should comply with [b-1EC 60794-3].

1V.3.3.1.3 Attenuation attributes of cabled fibres

The maximum attenuation of cabled fibres should be-ir-accordance-with- not exceed the values listed
in Table IV.3, or no more than the value agreed upon-between the customer and the manufacturer.

Table 1V.3 — Maximum attenuation of cabled fibres

Fibre type Wavelength (nm) Maximum attenuation (dB/km)
ITU-T G.657A,
ITU-T G.652B and 1310 0.40
ITU-T G.652D
1550 0.30
1310 0.50
ITU-T G.657B
1550 0.40

IV.3.3.2 Cable sheath performance

The mechanical and physical characteristics of the cable sheath should comply with Table IV.4. Other
materials which can meet customer needs can be-also be used.

Table 1V.4 — Mechanical and physical characteristics of cable sheath

Required value
Item Unit
PVC FRPE LSZH Polyolefin

1 | Tensile strength before heat ageing MPa 125 10.0

treatment (minimum value)

Rate of change after heat ageing treatment % 20

(maximum value)

Temperature of heat ageing treatment °C 100+ 2

Duration of heat ageing treatment h 24 x 10
2 | Elongation before heat ageing treatment % 150 300 125

(minimum value)

Elongation after heat ageing treatment % 125 250 100

(minimum value)

Rate of change after heat ageing treatment % 20

(maximum value)

Temperature of heat ageing treatment °C 100£2

Duration of heat ageing treatment h 24 x 10
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Table 1V.4 — Mechanical and physical characteristics of cable sheath

Required value
Item Unit
PVC FRPE LSZH Polyolefin

3 | Heat shock resistance No crack -

Temperature of heat treatment °C 150+ 2 —

Duration of heat treatment h 1
4 | Environmental stress crack resistance piece - 0/10

(50°C, 96h) (failed samples/ total

samples)

IV.3.3.3 Mechanical performance of the cable

IV.3.3.3.1 General requirements

Mechanical performances include separability, tensile strength, crush, impact—+epeated-bending;
torstonsheath abrasion, sheath pull-out, etc., which-ean-and should be proved by the corresponding

test methods under specific test conditions.

1V.3.3.3.2 Separability

——1The test is earried-outonly applicable for the cable part enhyof bow-type drop cables. For
self-supporting cables, the messenger should be removed from the cable part before the test;

——+The cable should be able to be separated 200 mm long from the opening. ard-tThe minimum
tear load should be no less than 35 N whie-and the maximum value should be no more
than 20-15 N;

———aAfter separation, the fibres can be fully exposed while the strength member should not be

exposed. The sheath around the strength member should be intact. The end of the cable
sample should be held gently, and the exposed fibre positioned straight downwards, the

eeleuHHgJayerhemd—ne{—ﬂak&eM}e—separated—flbres should not b&ablre—te-beue*traeted
fall from the cable sample. by-hane-

be kept-intact, without eracks.
1V.3.3.3.3 Tensile strength

The allowable long-term tensile strength-load of the cable should be no less than 40 N; while- for
indoor application and no less than 300 N for outdoor application, and the short-term value should be
no less than 80 N for indoor application and no less than 600 N for outdoor application.

The fibre-stratn-under test should be carried out according to [IEC 60794-1-21] method E1. Under
the long-term load, the fibre strain should not exceed 0.2% with- and there should be no obvious
attenuation increase. while-thatunder Under the short-term load, eughtte-be-less-thanthe fibre strain
should not exceed 0.4%. -with-After the test, there should be no obvious attenuation increase and ne
visual sheath cracks.

1VV.3.3.3.4 Crush resistance

The allowable long-term crush resistanee-load of the cable should be no less than 500 N whiHe for
indoor application and no less than 1000 N for outdoor application, and the short-term value should
be no less than 1000 N for indoor application and no less than 2200 N for outdoor application.

The test should be carried out according to [IEC 60794-1-21] method E3A. Under the long-term load,
there should be no obvious attenuation increase. Under the short-term load, the attenuation increase
at 1550 nm should not exceed 0.4 dB. After the test, there should be no visual sheath cracks.
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1V.3.3.3.5 Bending radius of the cable
The minimum bending radius of the cable should comply with Table I1V.5.

Table IV.5 — Minimum bending radius of the cable

Fibre type Static (during operation) Dynamic (during installation)
ITU-T G.652B and (10*D) (20*D)
ITU-T G.652D
ITU-T G.657A (7.5*D) (15*D)
ITU-T G.657B (5*D) (10*D)
NOTE — D is the diameter of round-shape cables. If the cable is in other shapes, D is the equivalent
diameter, which could be derived from the cable perimeter.

1V.3.3.3.6 Sheath abrasion

The test is only applicable for the duct-installation simplex cable with single outer sheath, and it is
carried out according to [IEC 60794-1-21] method E2A. The test conditions are listed below:

— Needle diameter: 1 mm;
— Applied load: 10 N;
— Number of cycles: 20.

After the test, there should be no fibre breakage and visual sheath cracks. For the cable with laminated
aluminium-polyethylene outer sheath, the test is not required.

1V.3.3.3.7 Sheath pull-out

The test is only applicable for round-type drop cable. And the purpose is to verify the tightness
between sheath and cable core or messenger. If the sheath is too tight, it may be difficult to remove
during installation, and the cable structure may be unstable if it is too loose.

For simplex drop cables (cable part sheath of self-supporting cable or sheath of duct application
cable), the sheath pull-out length and force should comply with Table IV.6. For duplex and multicore
cables, the requirements in Table IV.6 are also applicable. The outer sheath of cable for duct
application is not required for sheath pull-out test.

For the messenger sheath of self-supporting cables, when steel wire is used as messenger, the pull-out
length should be 10 mm, and the pull-out force should be no less than 30 N, while when stranded
steel wire or non-metallic material is used, the sheath pull-out test is not required.

Table 1V.6 — Pull-out length and force of cable sheath

Pull-out length Pull-out force Remark
100mm 0.5 N-15 N Remove the cable sheath

1V.3.3.4 Environmental characteristics

IV.3.3.4.1 General requirements

Environmental characteristics include fibre-temperature and attenuation-at-extreme-—temperatures;
Hameretardaney characteristics, fire safety, solar radiation, cold bend, etc., whieh-eanrand should be
proved by the corresponding test methods under specific test conditions.

20 Rec. ITU-T L.105/L.87 (2010)/Amd.1 (03/2020)



IV.3.3.4.2 Temperature ranges-and attenuation attributes-at-these-temperatures

characteristics

The temperature ranges for the cables as well as the allowable attenuation increases at these
temperatures should comply with Table IV.67.

Table 1V.67 — Temperature ranges and allowable attenuation increase

Temperature Range (°C)
Grade Lowest Highest Allowable at;g;ll:atlon increase Cable application
temperature | temperature ( m)
TA B
A -510 +50 <0.2030 Indoors
B —1020 +60 <0.3040 Outdoors
C 40 +6070 <0.4050 Outdoors

NOTE - The attenuation increase means the fibre attenuation augments at the extreme temperature compared with
the attenuation at 20°C.

1V.3.3.4.3 FlameretardaneyFire safety
The flame-retardancyfire safety characteristics of the cable should comply with the following
requirements:

Fire-Flame retardancy: The cables should pass the test-on-a-single-vertical-insulated-wire-or-cable
under—fire—conditions_specified in [IEC 60332-1]. If required by customers, the cables deployed

vertically in the shaft should pass the test for vertical flame spread of vertically-mounted bunched
wires-orcables-Category C test specified in [IEC 60332-3-24].

Smoke density: The light transmittance should be no less than 50%. The test should be carried out
according to [IEC 61034-2].

Corrosiveness: The PHpH value of the gas emitted from the cable during its combustion should be
no less than 4.3 and the electrical conductivity should not exceed 10 usfmm S/mm. The test should
be carried out according to [IEC 60754-2].

1VV.3.3.4.4 Solar radiation

If required by the customer, the drop cables for aerial application should have good solar radiation
resistance. The radiation period under a xenon arc lamp should be 300 h, and the radiation intensity
is 0.35W/m? (monitored under 340 nm). After test, the ratio of tensile strength and elongation of cable
sheath results compared to original results should be no less than 0.85.

1VV.3.3.4.5Cold bend

The cables of Grade B and C listed in Table 1V.67 should pass the cold bend test at—215°C specified
in [IEC 60794-1-21] method E11A. The test conditions are listed below:

— Temperature: —15 °C;

— Conditioning period: no less than 4 h;

— Bending tension: 10 N;

— Mandrel radius: in accordance with dynamic bending radius of Table IV.5;
— Bending speed: 5 s for each turn;

— Number of turns: 4 for each cycle;

— Number of cycles: 2.

After the cold bend test, there should be no fibre breakage or visual sheath cracks-erfibre-breakage.
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