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Abstract: Detailed information relating to the design, testing, application and installation of
various types of electrical cables in order to prevent the deleterious effect of moisture and
chemical ingress and resultant failures in service is provided in this guide. This includes single
and multi-conductor cables over a complete range of voltage ratings. Testing criteria and
installation methods covered along with many technical references.

Keywords: laminate sheaths, longitudinal water blocking, moisture impervious, powders, radial-
moisture barriers, sealed overlap, water-swellable tapes, yarns
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to change brought about through developments in the
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, it is reasonable to
conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users are
cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the
advice of a competent professional in determining the appropriateness of a given IEEE standard.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA
Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood

Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:24:04 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1142-2009


http://www.avadocuments.com/doc/ieee-1142-2009
http://www.avadocuments.com/doc/ieee-1142-2009

Introduction

This introduction is not part of IEEE Std 1142-2009, IEEE Guide for the Selection, Testing, Application, and
Installation of Cables having Radial-Moisture Barriers and/or Longitudinal Water Blocking.

This guide is an update of previously published IEEE Guide 1142-1995. When that guide was circulated for
a renewal ballot it was found that many revisions were needed to reflect changes in technology and to
incorporate additional types of cables along with other means of preventing moisture/chemical ingress into
cable cores. The objective still remains to supply complete information for utility and industrial cable users
on ways and means to protect cables from the deleterious effects of moisture and chemical ingress to cable
insulation as well as protection from unfavorable environmental and installation conditions. Much
information has been derived from reported global experience as well as the many technical papers that
have been presented in recent years on these topics. The bibliography has been updated to cover many new
informative references.

This guide will be most useful to those users who wish to maximize cable life and minimize cable faults
that cause interruptions in critical circuits.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.
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Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this guide may require use of subject matter
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE is not responsible for identifying Essential
Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope
of Patents Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-
discriminatory. Users of this guide are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information
may be obtained from the IEEE Standards Association.

Participants

At the time this guide was submitted to the IEEE-SA Standards Board for approval, the Moisture
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IEEE Guide for the besign Selection,
Testing, Application, and Installation
Ofl . ,S||B||,535|”P
Cable Using—Metal-Plastic_Laminates Cables
having Radial-Moisture Barriers
and/or Longitudinal Water Blocking

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection _in_all circumstances. Implementers of the standard are responsible for
determining _appropriate _safety, _security, _environmental, _and _health _practices _or _regulatory

requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers.

These notices and disclaimers appear in all publications containing this document and may be found
under the heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE
Documents.” They can___also _be obtained _on ___request _from IEEE or__ viewed _at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This guide will-previde—the—user—ofunderground-eables— provides cable manufacturers and users with
extensive information on the design, testing, and-application—ef—meisture-impervious, and installation of

low, medium-veltage—selid—dielectricpewer—eable—using—, and high-voltage power cables, as well as

communication, control and 1nstrument cables that make use of metal plastic lamlnates as rad1a1-
moisture barrlers clere i sranh o

el-aus&&This guide addresses additional means of protecting cables from the entrance of moisture through

the use of polymeric super absorbent materials for longltudlnal water blocklng of stranded conductors
and other spaces w1th1n cables The annexe e—nform 3 ele 3 eting e

pfeelad-mg—theﬂ—use w111 11kew1se be addressed
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1.2 Purpose Concepts

While metallic sheaths, such as lead and aluminum, have been effective in past years as barriers to
moisture, their relative cost, environmental concerns along with installation difficulties has—tended—to

dﬂ%ﬂﬁh—theﬂ—usag%eeeﬂﬁy have led to the search for altematlves I—n—feeeﬂt—yea%s—thefﬂm%been

B
d

id 8 .Alternatlvely thin metal—
plastic l—amna{es—haxl%feaﬂéfoﬂs are ﬁndmg apphcatlon as m01sture barrlers in low, medium, high, and

extra-high voltage power cables. Aluminum, copper, or lead substrates are coated with polymeric
compounds-adhesivelylaminatedcoatings on one or both sides_and adhesively bonded to the cable jacket or
over sheath. The tapes are usually applied longitudinally, with an overlap, or seam, either-direethythat is
adhesively sealed over the core of the cable and under the jacket. In addition, other measures have been
taken to block the longitudinal movement of moisture through the conductor and the shield interfaces so that
water-impervious cables are now available. This guide will provide information on the use of such
laminates coated metals in cable constructions as well as the use of other materials for longitudinal water
blocking. Cable users _should find this information of value in the selection, specification, installation, and

testmg of metsmfe—lmpemeus—medmm—vekag%cables havmg radial- mmsture bamers fer—telepheﬂ%eab}e

water-blocking svstems.

There is an extensive amount of information in this guide that refers to IEC Standards, British Standards
and CIGRE study group recommendations. These organizations, and others, have developed
recommendations, standards and specifications that are pertinent to cables with radial-moisture barriers and
longitudinal water blocking. Inclusion of a discussion of these documents presents the user of the guide
with a more complete picture of the degree to which cables with radial and longitudinal moisture protection
have developed. The technology has matured greatly since this guide was first published and inclusion of
all pertinent information not only serves to better inform the user of the guide but also documents how
extensive and prevalent the technology has become globally.

1.3 Development history

Thin plastic-coated metals were first developed for use as radial-moisture barriers for telephone cable in the
early 1960’s. They have been successfully utilized, up to the present time in this application. These coated
metals have also been used for moisture barriers and shielding as well as armoring in many other types of
cables, such as control, coaxial, instrumentation, fiber optic, undersea, etc. Such coated metals have also
found application as moisture barriers for low, medium, and high-voltage power cable, where design
parameters have been more restrictive. These design parameters may require special considerations. The
considerations and their implementation will be covered in this guide.

Longitudinal water-blocking of power cables have a long history starting first with the use of non-

polymeric absorbers and filling compounds. More recently, cable producers have used polymeric water
absorbers in the form of vyarns, tapes. fillers and powders for longitudinal water blocking within the

conductors. This method is also employed around the concentric neutrals, under the metallic shield, screens
and within the interstitial areas between conductors of multi-core cables as well as around the layers of
steel wire armoring and other places within a cable.

1.4 Utilization and trends

Many moisture-impervious power cable designs making use of radial and longitudinal-moisture barriers
have been commercialized. There is an upward trend in their acceptance on a worldwide basis. Various

country and international standards have been initiated or issued covering bonded sheaths and/or
longitudinally water-blocked power cables. The bibliography provides further references to Wuments
designs and the various countries, industries, and utilities that have selected, specified. «nd installed cable

with moisture barriers and moisture-blocking materials. Document Sharing Hub
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document ( 1nclud1ng any amendments or corrlgenda) applics. “Hhis-ouide—shall-bevsedin

ASTM B 736-002006, Standard Specification for AE{%GS%—QAl—Speerﬁeaﬂefs—Gress—Lmked
$hreugh—4—6—k¥L1-(-)%h—ed— AE—I—&GS—é—@—

§%h—ed—AST—M B 7%6—92& Spec—rﬁeaﬂen fer Alumlnum Alumlnum Alloy, and Alumlnum—Clad Steel Cable
Shielding Stock.

ICEA T-31-610-2007. Guide for Conducting a Longitudinal Water Penetration Resistance Test on Blocked
Conductor.

ICEA T-34-664-2007, Test Method for Conducting Longitudinal Water Penetration Resistance Tests on
Longitudinal Water Blocked Cables.

IEEE ?t(zi 532™.2007, Guide for Selecting and Testing Jackets for Power, Instrumentation and Control
Cable.m=

ICEA-T-31-610-1989, Water Penetration Resistance Test-Sealed-Conduetor
’ ’ Documents
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.’

blocked conductor: A stranded conductor whose interstices are filled with water-swellable yarns,
powders, combinations of tapes over the conductor or a gel compound that prevents the migration of
moisture longitudinally through such interstices._Water-blocking tapes and yarns are most commonly used
in compact stranding and segmented conductors. Blocking can also be achieved by the use of a rubber-like
extrudable or pumpable material within the strands. Syn: strand-filled conductor.

bonded sheath: A sheath design in which a plastic-coated metallic tape. either pre or post-coated, is

longitudinally or helically wrapped over the core of a cable with an overlap or seam and m"_mments

tape is bonded to the cable jacket during the jacket extrusion process. This coated met 12 ¢« mpqQnent ma t Sharina Hub

be smooth or corrugated. Alternatively an adhesive coating or jacket may be used over a bare hetallic 9
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cable core: The portion of a cable inside the sheath and for medium and high-voltage cable includes the

conductor, the conductor shield, the insulation, and the extruded insulation shield.

filling compound: A highly viscous material that is injected into conductors, typically under pressure

and high temperature.

laminate sheath: a sheath consisting of various layers such as shield and jacket lying one over another.

These layers may not, per the definition of “laminate,” have to be bonded together. If the layers are adhered
to each other, then the sheath can be called a bonded or laminated sheath. 3.5-meisture-block:-A-meansfor

longitudinal water blocking: Term used to describe a cable design that prevents the longitudinal flow

of water, moisture or contaminates along the cable core. The term can refer to the materials that provide a
method for blocking the longitudinal ingress of water, moisture or contaminates along the cable core,
concentric neutral, metallic shield, screen, armoring or other cable interstices, during cable manufacturing
as well as, during cable transport, storage, installation, splicing, termination or from a defect or sheath
damage after installation.

L IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).

? The IEEE standards or products referred to in this clause are trademarks of the Institute of electrical and Electronics Engineers, Inc.
3 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.

metal-laminate covering: Per the CIGRE WG B1-25 [B86] definition, a metal laminate coverin

consisting of several layers of plain or smooth (not corrugated) metal and plastic layers bonded together to

get a special set of properties: bending ability, radial water tightness. For the purpose of this document, the
terminology “bonded sheath” is used.

moisture-impervious cables: These are cable designs that prevent both the radial and longitudinal
entrance of moisture into the cable core.

non-woven water-blocking tapes: Cable tapes consisting of one or more non-woven webs plus other
materials needed to maintain mechanical integrity. Super absorbing powders are locked into the non-woven
tapes to provide water blocking capabilities to the tape. Depending on the location of such tapes within a
cable, they may also provide cushioning to absorb expansion of the cable core. They may providesg way of
binding the cable elements. They may be non-conducting or semi-conducting. Also, the tane may M(Qmments

water-swellable tape. Document Sharing Hub
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plastic-coated metallic tape: A plastic-coated metal or coated metal in tape form for use on cable

manufacturing lines that is made of aluminum, copper, lead, or other metal substrate coated on one or both
sides with a tightly adhering polymeric coating. The coating used may consist of either an adhesive

polyolefin copolymer that self-bonds to the metal substrate during the laminating or extrusion coating
process or another polymeric compound that is adhered through the use of a supplemental adhesive
Solvent-based polymeric coatings may also be used.

radial-moisture barriers: Cable designs that incorporate a metal layer as a component of the sheath that
effectively blocks the transmission of moisture from a radial direction.

strand-blocking: A means for filling the strand interstices with a material that will block the movement

of moisture or contaminates through stranded conductors. Strand blocking can take the form of a filling
compound that occupies the entire space between the stranded wires or be in the form of a swellable water-
blocking material that occupies a fraction of the space between the stranded wires but which expands
rapidly in volume upon contact with water to actively seek out and overfill cable free space to block the
flow of water.

swellable water-blocking material: A water-blocking tape, water-blocking yarn or water-blocking
filler that incorporates a super absorbent powder, fiber and/or UV cured coating that will swell upon
contact with moisture. A jelly-like material is formed to block the longitudinal ingress and movement of
moisture.

under-jacket type: A moisture barrier applied under the jacket and over the metallic shield or concentric
neutral of a medium or high-voltage power cable or a combination moisture barrier and shield as used over

the core in low-voltage instrument or control cable and in medium, high, or extra-high voltage power cable.

water-blocking yarns: A spun varn formed with a combination of polymeric fibers, super absorbent
fibers and longitudinal or helical filament reinforcement.

woven water-blocking tapes: A woven synthetic web with a coating of swellable powder on one
side. Woven water-blocking tapes are commonly used as a peripheral wrap over the conductor and therefore

must also function as a barrier against penetration of the extruded conductor screen into the free space
between the stranded conductor wires.

4. Description of cable designs utilizing radial-moisture barriers and
longitudinal water blocking

4.1 Description of cables with radial- jacket- moisture barriers

There are two major types of metallic moisture barriers for providing radial-moisture protection to low,
medium, high, and extra-high voltage cables. One major type uses a longitudinally applied, relatively thin
“foil”, or sheet, type of metallic tape, bare or plastic-coated, folded over the cable core with a single
overlap or seam. The longitudinally formed metallie— tape has the overlap sealed with a plastic
adhesive in the overlap. Sealing the overlap with a sealed-everlap-plastic layer is proven technology as a
moisture barrier for all voltage classes of power cable as demonstrated by the many references to—this
constraetion-listed in the bibliography (see Clause 8).

The second type of metallic moisture barrier uses a relatively thick tube of lead, aluminum, copper or
bronze over the core of the cable to provide a radial-moisture barrier.
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4.1.1 Longitudinally-applied metallic tape as a radial-moisture barrier

The longitudinally-applied metallic tape type of bonded-sheath design incorporates a metallic tape as a
moisture barrier directly under the jacket of cable intended for various applications where protection from
radial-moisture entry is needed. The metallic moisture barrier can be a thin foil or sheet type of metallic
substrate that is coated on one or both sides with adhesive coatings (plastic-coated metal) or uncoated
(bare). A plastic-coated tape may not be necessary if the cable jacket has adhesive characteristics and can
bond directly to the bare metallic substrate or tape wrapped over the cable core. Both plastic-coated and
bare metallic tapes are wrapped longitudinally over the cable core with a single overlap or seam. In the case
of the plastic-coated metal tape the outer coating on the tape is bonded to the cable jacket by the heat
transferred during the extrusion of the jacket. Because of the bond of the tape to the jacket, the plastic-
coated metal can be applied smooth, that is, without corrugations. However if desired the metal-plastic tape
can be corrugated in line to provide the cable with a bonded sheath with increased flexibility. In the case
when the tape is the plastic-coated metal, the extrusion process can also provide heat to form a seal of the
coating or coatings in the overlap. In the case of the uncoated (bare) tape, where bonding to the jacket is not
desired, the tape cannot be longitudinally applied in a smooth configuration and is therefore corrugated in
line by means of a corrugating machine. The corrugations provide the finished cable with flexibility. In the
case where an adhesive jacket is used, the bare tape may be applied smooth. The overlap of the bare tape is
sealed with a hot melt adhesive that, when applied into the overlap, completes the radial-moisture barrier.
The overlap of a cable using the bonded sheath design with plastic-coated metal is also frequently sealed

using a hot melt adhesive. Overlap sealing methods are covered in 5.3.

To obtain the principal advantage of the longitudinally-applied tape as a moisture barrier, a key design
consideration should be given to the thickness of the metallic layer. The metallic tape, either plastic coated
or bare should be thick enough so that there are no pinholes present. It should be mechanically strong to
withstand cable manufacture, installation and use without rupture or tearing. Such damage could mean that
the primary moisture barrier has been violated. With optimal combinations of jacket thickness, plastic-
coated metals have typical metal thicknesses in the range of 0.1 mm (0.004 inches or 4 mils) to 0.38 mm
(0.015 inches or 15 mils). For designs using corrugated bare metals, the metal thicknesses are in the range
of 0.15 mm (0.006 inches or 6 mils) to 0.3 mm (0.012 inches or 12 mils). A thicker minimum tape
thickness is generally used with the bare tape option because, versus the bonded sheath, the supplemental
effect of the bond to the jacket is absent for providing mechanical strength to the sheath. So a thicker
metallic tape is used to increase the strength of the sheath. In the bonded sheath design, the adhesion
between the plastic-coated metal and the jacket combines the flexibility of the plastic jacket with the
strength of the metallic component of the tape. The mechanical properties of the bonded sheath cable are
improved versus those of a cable without adhesive bonding, that is, un-bonded. The bond in the bonded
sheath design provides for increased bend radius and greater hoop strength which could facilitate the
installation process for the cable. However, for the cable without a bond to the jacket, the termination and
splicing process for the metallic tape can be approached in a conventional manner using clamps or
soldering without the need for special grounding devices. The grounding process for cable with a bonded
sheath is covered in 13.3.

Either bare or plastic-coated metal tape is generally corrugated perpendicular to the axis of the cable (i.e.,
laterally or axially), to provide the cable increased flexibility. The profile of the corrugations is sinusoidal
and the number of corrugations per unit length can vary according to cable diameter. The depth of the

corrugations is typically a minimum of 0.8 mm (0.032 inch or 32 mils).

In the case of the bonded sheath, the bond between the jacket and tape provided by the coating on the
plastic-coated metal provides a longitudinal water block in the jacket-tape interface and the sealed

coating(s) in the overlap and/or a hot melt adhesive provides a radial and longitudinal water block at the

overlap. When the bare corrugated tape is used, there is no bond to the jacket so water can flow in the

jacket moisture barrier interface. Likewise, with the bare tape, as with the plastic-coated metal tape, the

sealed overlap provides a longitudinal and radial-moisture barrier. To deal with the potential presence of

water along the overlap of the bare metal option, a water-swellable tape can be placed over the overlapped

seam. If (when) water gets under the jacket, it can encounter the water-swellable tape which mwm ents
the water from penetrating around or into the hot melt adhesive in the overlap of the baic ta¢. Théreco
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In rare instances, the plastic-coated metal may be wrapped helically around the cable core and bonded to
the cable jacket. The subsequent bonded sheath can provide a radial-moisture barrier through the sealing of
the helical overlap along the length of the cable. However, the mechanical properties of the cable may
suffer due to a lack of flexibility when compared to cables with longitudinally applied plastic-coated tapes
bonded to the cable jacket.

4.1.2 Metallic sheath as a radial-moisture barrier

Metallic moisture barriers use a relatively thick tube of lead, aluminum, copper or bronze. The lead or
aluminum can be applied over the cable core by an extrusion process. Alternatively, a tape of aluminum,
copper _or bronze can be applied longitudinally over the cable core with the edges of the tape butting
together. This “seam” is then welded together to form a tube enclosing the cable core. Corrugations can be
applied to the tube after welding to give the metallic moisture barrier added flexibility. A jacket may be
applied over the tube for additional protection from moisture and mechanical abuse.
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4.2 Description of power cables with longitudinal water blocking

Longitudinal water blocking of power cables can take one or more of the following forms:

Longitudinal water blocking of the conductor

Longitudinal water blocking of the metallic shield/concentric neutral/screen

— Longitudinal water blocking of the interstitial spaces between conductors in multi-core low-voltage
and medium-voltage cables

Longitudinal water blocking of steel tape or steel wire armoring

Longitudinal water blocking of the interface between the metallic component of the bonded sheath
and the cable core

4.2.1 Longitudinal water blocking of stranded conductors

The presence of water in a stranded conductor could lead to water treeing and subsequent insulation
failures. Many cable users call for blocked strands to prevent water from flowing through the conductor. In
some cases, water blocking materials in the form of swellable tapes, yarns or powders, or a combination of
these materials, are used to provide longitudinal water blocking of the conductor. In some cases, semi-
conducting filling compounds are injected into the free space or extruded between the layers of the
conductor.

When swellable water-blocking material is used, a common practice is to evaluate the ratio between the
free space in the cable and the amount of water blocking gel produced by the swellable-water blocking
material upon contact with water. As the gel forms, it actively seeks out and fills the free space inside the
cable. The free space should be properly overfilled to provide acceptable water blocking of the conductor
strands. Careful consideration should be given to the aging performance of the water blocking material with
the potential for decades of exposure at the rated operating temperature of the power conductor, typically
90° C_Uniform distribution of the swellable-water blocking materials inside the strands of the conductor is
a requirement for consistent water blocking. The effect of ions in groundwater should also be considered in
that these ions could reduce the swelling capabilities of water-swellable materials.

For conductors blocked with filling compounds, care should be taken to fill all cable spaces during cable
manufacturing because any unfilled areas may result in a path for longitudinal water flow.
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4.2.2 Longitudinal water blocking of metallic screen/concentric neutral wires

It is common practice with MV _and HV underground cables to water block the copper wires, straps,
metallic screens, and/or concentric neutrals to prevent longitudinal water paths within and along these
shields or strands in the event of sheath damage or joint failure. One method is to use a semi-conducting
water blocking tape below the copper wires and a non-conductive water blocking tape above the copper
wires and under the jacket. Another method is to use two semi-conducting tapes, one over and one under
the wires or straps.

4.2.3 Longitudinal water blocking of space between core elements in multi-core cables

In multi-core LV and MV power cables the free space between the insulated conductors or wires (such as a

neutral wire) is a large volume channel for longitudinal water flow. Where needed, it is possible to water

block the free space with swellable-water blocking materials, typically yarns, tapes or a combination of the
two.

4.2.4 Longitudinal water blocking of wire or strap armoring

The free space around steel wire or steel-strap armoring can be longitudinally water blocked with yarns,
tapes or a combination of the two. This armored cable design is common in coastal areas or in areas with
high-water tables or in industrial plants in Europe.

4.2.5 Longitudinal water blocking of the bonded or un-bonded laminate sheath

Water-swellable tapes can be used to block the longitudinal flow of water in the interface between the
metallic component of the bonded or un-bonded laminate sheath and the cable core for all voltage classes.

Such tapes may serve as a bedding tape in medium, high, and extra-high voltage cables to absorb lateral
expansion and contraction with temperature fluctuations due to loading on the cable.

Medium and high-voltage power cables, in general, may require semi-conducting tapes that provide
electrical continuity between the metallic moisture barrier, the metallic shield or screen and the semi-
conducting insulation shield.
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Fhe tape may be applied
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5. Materials  Metal-plastic laminates—used-—for moisture barrier_and water-

blocking functions

5.1 Description

A laminate plastic-coated metallic foil or sheet consists of a relatively thin metallic “foil” or sheet
layer, usually 0.10 mm to 0.38 mm_(4 mils to 15 mils) in thickness, which is coated on one or both sides
with a plastic layer with typical thickness between 0.05 mm to 0.10 mm (2 mils to 4 mils). The plastic
layer can be insulating or conductive. A strong adhesive bond should be formed between the plastic layer
and the metal layer. The bond should be—seleeted—that—will-not lose its properties after long-term
exposure to heat and moisture-eyeling. In all cases, the metal layer should be pinhole free as such holes
entirely could defeat its purpose as a moisture barrier.

5.2 Laminates—Plastic-coated metals for under-jacket radial designs_for all voltage
classes

5.2.1 General

The type of metal chosen for a plastic-coated metal depends on the cable design_and the role the metallic
component plays as a moisture barrier and/or shield. Present choices include lead_foil, copper or aluminum
sheet. All of these metals can be coated ertaminated-with suitable plastics to achieve the desired composite
structure. Laminates-ean-be- Plastic-coated metal using lead foils are designed primarily for moisture barrier

functions. A copper or aluminum composite could be used as a moisture barrier or for dual functions as
both moisture barrier and metallic shield.

5.2.2 Coating classes

Two classes of plastic-coated metal currently exist for use in the bonded sheath designs. One class is
adhesively compatible with polyethylene (PE), copolymers of PE. and chlorinated polyethylene (CPE)
jackets. The other class is compatible with polyvinyl chloride (PVC) based jackets. Reference ASTM B
736-002006* for shielding stock can be used as a baseline reference for both types of plastic-coated metals.

Plastic coatings or films exist for each class that will satisfactorily adhere to a specific metal substrate. The

resultlng plastlc coated metal-p%as&&hmmate&%ﬁeﬂﬂyeﬁsefeHsemthﬁwﬁeH%keeéeﬁgmﬁﬂedass

constructions. The fils- coating may be applied to one or both sides of the metall'c iy as Iﬁlbecﬁ?'hl?nt Sharing Hub
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plastic-coated metal and enhances the cable manufacturing process. Plastic-coated foils coated on one side
or coated on both sides have found application in bonded-sheath cable designs.

Typically low-voltage cables use two-side coated plastic-metal composites while medium and high-voltage
cables use one-side coated plastic-metal composites. One key factor in using two-side coated metals in low-
voltage cables is to provide corrosion protection to the moisture barrier because it may also be acting as an
electrical shield which requires electrical continuity to perform its electrical functions. Since low-voltage
cables do not typically require longitudinal water blocking, the coating on the inside of the moisture barrier
facing the core acts to protect the combination metallic moisture barrier-electrical shield from corrosion in
case water gets inside the cable. Restricting corrosion, in turn, preserves the electrical shielding function of
the cable. In the case of MV and HV cables, there is typically a means for protecting the cable sheath
interfaces from the longitudinal flow of water thereby restricting the potential for corrosion. So a one side
coated metal with the bare side facing the core may be used. Typically there are screen wires under the
bonded sheath so the electrical shielding function of the cable may not be compromised by any incidental
corrosion of the metallic moisture barrier. However, the key factor in using a one-side coated metallic
moisture barrier on MV and HV cable is the fact that the bare side of the metallic moisture barrier provides
electrical continuity with the cable core over the entire length of the cable. This facilitates transfer of shield
currents to the metallic moisture barrier and can reduce the amount of standing voltage that may develop on
the moisture barrier.

4 Information on references can be found in Clause 2.

There are differences between one and two-side coated-metallic tapes when the overlap sealing process is
considered. A two-side coated tape may be easier to seal because it only requires that the two coatings on
each side of overlap be melted to form a seal. The bond to the metallic substrate for the coatings has been
established in the manufacturing process for the plastic-coated metal and does not need to be reformed.
With a one side coated tape, a new bond must be formed between the coating on the one side of the overlap
and the bare metal on the other side of the overlap. This requires extra heat energy to form the bond and so
preheat by various methods may generally be used. If sufficient heat is applied, the seal at the overlap of a
one side coated metallic tape can equal that of a two-side coated metallic tape. However, from a practical
point of view, equivalent bond levels may be difficult to achieve when using a one-side plastic-coated
metallic tape versus a two-side plastic-coated metallic tape. So, in general, the sealing of the overlap using a
single coating on a one-side coated metallic tape may only be feasible for low-voltage cables of relatively
small diameters. To achieve an overlap seal with medium and high-voltage cables that may use one side
coated metals, a hot melt adhesive may be inserted into the overlap. Additional details of using hot melts
for sealing the overlap are covered later in the guide (see 5.3). It should be pointed out that once the
sufficient amount of seal strength is obtained, the cable properties are essentially the same no matter how
the overlap seal was obtained, whether with a one side coated metal, a two-side coated metal, or by
insertion of a hot melt into the overlap. In the early days of development of bonded sheaths on medium-
voltage cable with plastic-coated metallic tapes, the overlap seal was obtained using both one and two-side
coated tapes. These cables were able to pass the thermal loading tests [B26]. There was the possibility that
the sheath could expand during the heating cycle and not fully recover to its original dimensions during the
cooling cycle because of the strength of the overlap seal using the coatings on the tape. With the use of hot
melt adhesives in the overlap, the sheath could more easily expand and contract due to the elasticity of the
hot melt in the overlap and the original sheath dimensions could be more closely retained [B41].

The coatings used in such plastic-coated metals may also be classed as either insulating or conductive. An
insulating layer is generally used when a plastic-coated metal is coated on only one side so as to be bonded
to an outer nonconductive jacket. Semi-conducting coatings are used on the side of the plastic-coated metal
facing the cable core to provide electrical contact between the semi-conducting layer insulation screen on
the core of a medium or high-voltage cable and the metallic shield of the moisture barrier or to a
semiconducting cable jacket.

The plastic film or coating on a plastic-coated metallic shield typically meets the following requirements:

a) The plastic layer is able to adhere to itself or to bare metal under the specified conditions of
temperature, pressure, and time—The—metal-film needed to form a bond at the overlap of the
longitudinally formed tape during the cable manufacturing process. The metal-coating bond should
not degrade show a decrease in bond strength upon exposure to water—Fhe—filmmust gﬁlﬁdﬁ t
requirements of ASTM B 736-002006-2007. The coating should be able to with ments
temperatures normally encountered in operating cables. Document Sharing Hub
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b) The film coating should exhibit a strong bond to the jacket. This bond should not diminish, to any
appreciable extent, with extended water exposure and temperature cycling.

5.2.3 Coated aluminum as a moisture barrier

Plastic-coated aluminum is most often chosen as a moisture barrier from an economic standpoint for all
voltage classes. Aluminum can also be utilized as a surge shield in low-voltage cables for instrument and
tray cable applications in areas with substantial lightning activity, but can also be selected for moisture
barrier purposes only. A minimum thickness of 0.15 mm (6 mils) may be needed for proper handlin

forming about the cable core, and to provide mechanical strength in the finished cable. Coated-aluminum

tape is not typically chosen as a combination shield and moisture barrier for medium, high, and extra-high
voltage cables, but is only used as a moisture barrier.

5.2.4 Coated copper as a moisture barrier

Plastic-coated copper tape can be chosen as a moisture barrier for all voltage classes in power cables.
Frequently, low-voltage cables in substations use coated copper for shielding as well as moisture protection.
Most often, coated copper is used as a bonded sheath over a copper wire neutral or wire screen for medium
or high-voltage cable. Coated copper can serve to protect from galvanic corrosion in that it is of the same
composition as the wire neutral or screen versus the type of galvanic cell that could occur when an
aluminum barrier is used in conjunction with a copper wire neutral or screen. See Bow, K.E. et al.

[B37].

Another factor favoring copper is that it is easier to terminate. In splicing and terminating, copper can have

an advantage because it can be soldered or mechanically clamped more readily than other materials. See
Bow, K.E. et al. [B39].

A coated-copper tape can be chosen as a combination shield and moisture barrier for low and certain types
of medium-voltage cables. Copper is chosen when maximum conductivity is required. The coated copper
metallic moisture barrier can be used as an electrical shield to supplement the wire neutrals of a medium-
voltage cable or the wire screen of a high-voltage cable. A minimum thickness of 0.15 mm (6 mils) may be
required with copper tape to provide short circuit capabilities or to supplement the short circuit capability
of the wire screen. A minimum thickness of 0.05 mm (0.002 inches) may be sufficient to prevent pinholes,
but is not sufficient from a mechanical point of view unless reinforced with relatively thicker plastic layers.

From a fatigue and mechanical point of view, the minimum thickness may be sufficient for a moisture
barrier, but possibly not from an electrical point of view.

5.2.5 Coated lead foil as a moisture barrier

In general, when a plastic-coated lead foil is used as moisture barrier in bonded sheath designs, there is a
need to reinforce the lead foil with adherent polymer layers to provide strength. A minimum lead thickness
of 0.05 mm (2 mils) is usually necessary to reduce the possibility of pinholes and provide fatigue resistance.
The use of lead foil coated with polymer layers is significantly more environmentally acceptable than the
use of lead sheaths in terms of the volume of lead involved. The thin foil of lead is isolated from the
environment by the presence of the plastic layers; in addition, the adhesive bond of the plastic layers to the
lead minimizes contact between the lead and moisture in the environment.

It has been found that the composite construction of lead foil and plastic films can allow the lead to behave
like a plastic material during thermal loading see Uematsu, T. et al [B30]. The bonding is therefore capable

of expanding and contracting with the cable jacket. It has been found that foil-plastic film composites with

metals other than lead, such as copper or aluminum foils, may not exhibit the same type of plastic behavior

as exhibited by the plastic-coated lead. Load cycling at higher temperature limits, or use on large diameter

power cables, has the potential to split or fracture aluminum or copper foils thereby reducing thegability of

these types of moisture barrier composites to radially block moisture. However, they may he SLIJaQQfUmENtS
low-voltage and certain medium-voltage cables. Document Sharing Hub
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5.3 Adhesives for sealing the overlap Laminatesforon-core-designs

There are designs where an additional adhesive is necessary to enhance the bond strength and moisture
barrier integrity of the overlap formed with longitudinally applied plastic-coated metals. Most often a hot

melt adhesive is used to seal the overlap with one side coated metallic tapes. The ability to seal a single
layer of coating in the overlap may be difficult because of the limited amount of temperature and heat
retention available for sealing the overlap during the jacketing process. The adhesion occasions where a hot
melt adhesive may be needed can also result from a need to fill the space within a corrugated overlap, as an
example, or by soft or uneven under-lying cable surfaces. Such circumstances can prevent the proper heat-
sealing of the plastic coatings of the coated metal. Hot-melt adhesives, extruded with suitable application
equipment into the overlapped seam before it is fully closed, are commonly used under these circumstances.
Their fast set-up time and their ability to adhere to the plastic film of the plastic-coated metal, as well
as to most bare metals and jacketing materials, contribute to their ability to form a water- tight seal. Hot
melts based on copolymers such as ethylene vinyl acetate (EVA) have been found adequate for sealing low-
voltage and some medium-voltage cables. However, hot melt adhesives based on thermoplastic elastomers
(TPE) have found favor for medium and high-voltage cables because of their ability to allow the overlap to
move and therefore accommodate thermal loading see Butterbach, R. et al. [B41]. The use of TPE based
hot melts as sealants for the overlap has been shown to allow sufficient thermal expansion and
contraction of the cable core to take place such that additional cushioning layers under the bonding sheath
may not be needed or could be reduced in thickness.

Specific types of adhesive coatings are required for adhesive compatibility with the various types of PE or
PE copolymer jackets. Other types are required for compatibility with PVC jackets.
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5.4 Properties and testing of coated metals Optionalseam-adhesives

5.4.1 Coating adhesion to metal substrates

The adhesion between the plastic coating and the metal substrate of a plastic-coated metal can be measured
according to test procedures shown in ASTM B 736-002006. The value of adhesion should not show any
substantial decrease when aged in the presence of moisture, at elevated temperatures or after temperature
and heat cycling. Many factors affect the values obtained from the coating adhesion test including the
following:

a) Metal thickness
b) Coating thickness
c) Test speed
d) Temperature
Such factors should be considered when evaluating different laminates coated metals. All peel tests are

relative_and can be affected by parameters of the test, sample configuration and the tensile or physical
properties of the layers being separated.

5.4.2 Flexibility

The flexibility of the—metal-a foil type of plasticlaminate—plays -coated metal needed to accommodate
thennal cycles can play a key role in the long term 11fe of the a medlum or hlgh voltage cable %ﬂthe

pl-&sﬁ&l—&mma%e Slnce thls bondmg is expandln,q and contracting w1th the cable lacket durm,q thermal

cycling in medium or high-voltage cable it should possess the ability to flex without generating cracks
which could compromise the ability of the foil to act as a moisture barrier.

5.4.3 Fatigue

F—is—essential-that-metal-plastie taminates The metallic foil bonds such as those based on lead foil, as

described in 5.2.5 for en-eere-bonded sheath constructions, should have the ability to resist fatigue from
repetitive cycles of expansion and contraction. Laminates See Furusawa, H. et al. [B48]. Bonding materials
chosen for these types of designs can be tested for fatigue according to a procedure set forth in ASTM E
796-94 [B80].

5.4.4 Bond strength to jacket

For underjacket-metal-plastie laminates plastic-coated metal used as radial-moisture barriers in all voltage

classes of cable, a key performance criterion is jacket adhesion. This value can be measured with
procedures patterned after those set forth in ASTM D1876-93 [B83] and ASTM 4565-99 [B84]. The metal-

to-coating bond as well as the coatlng -to-_jacket bond should be stable and shew—ne—&gmﬁe&n@@etﬁments
resistant to water and temperature aging. 4565-90a-and- ASTM-D
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