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Fire Security has over 30 
years of experience in the 
fire protection and lifetime 
extension of cables. During 
this time, we have encountered 
many different cable sheath 
conditions caused by 

numerous contributing factors. The pictures and 
descriptions that follow present an assessment 
of these conditions on a graded scale. 

This guide is intended as a tool for electrical 
engineers, maintenance superintendents & asset 
managers to assist with grading the condition and 
expected lifetime of their cables and to consider 
if Fire Security could offer a cost-effective 
solution compared to cable replacement. 

We work almost exclusively on live cables with 
no interruption to operations. Fire Security has 
also carried out projects on new cables where 
the installed cables were of a lower specification 
then the design tolerance called for. 

Our coating solutions are approved by the major 
international classification societies. They have 
been utilized by major players in the oil & gas, 
power generation, smelter, heavy industrial & 
civil engineering projects, shipping & cruise 
liner industries.

Ole Tom Eidjord
Chairman

Cable Maintenance – Important considerations
When going through plans for maintenance of electrical cables, the need for testing and 
system verification should be considered and planned for.
Does the operating unit require other tests than function and operation test? Yes / No
If no, visual inspection and grading according as per FS grading system, see below, should 
be performed.
If yes, determine what kind of test is required. 

Insulation Fundamentals
The fundamental understanding of cable insulation properties forms the foundation for 
assessment of cable operability. These same fundamentals provide the basis for evaluating 
whether various electrical and physical tests and measurements are meaningful, cost-
effective, and warranted.

They are a basis for evaluation of present or conventional cable test practices against the 
critical properties of concern for:

• Cable operability
• Life extension
• Retention of the original environmental qualification, and
• The adequacy of environmental qualification

General Properties of Insulation
The electrical properties of concern for cable insulations are dielectric loss properties 
(resistivity, insulation resistance, dielectric constant and permittivity) and dielectric 
endurance properties (dielectric strength, breakdown strength, and ability to withstand 
corona discharge).

Although these properties are important for higher voltage and other specialty 
applications, many of them lose their importance for the low-voltage cabling used in 
most units. It is proven that the significance of mechanical and thermal properties 
depends upon the application of the cable, as such it may not be a concern for your unit.

Insulation resistance measurements are commonly used to evaluate insulation systems. 
For shielded cable, insulation resistance is directly related to the volume resistivity of 
the cable. For unshielded cable, the insulation resistance has a complex relationship to 
volume and surface resistivity because there is no shield for a return path.
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Key elements of restoring and upgrading cables
The key elements of restoring and upgrading aging and deteriorating cables can be 
described as:

• Increased Insulation value
• Increased Dielectric strength
• Added UV resistance
• Added Ozone resistance
• Added Fire Protective properties
• Added Water resistance
• Added Chemical resistance
• Maintaining a flexible outer sheath

We grade cable condition into the following main categories
A-B New / Good appearance.
C Chemically affected cables.
UV UV affected cables.
QC Issue of sheath material at manufacture leading to early aging.
M Mechanically damaged cable.
H Heat / Fire damaged cables.

Good Cable Insulation
When voltage is impressed across any insulation system, some current leaks into, 
through, and around the insulation. When testing with DC high-voltage, capacitive 
charging current, insulation absorption current, insulation leakage current, and by-pass 
current are all present to some degree.

For shielded cable, insulation is used to limit current leakage between the phase conductor 
and ground or between two conductors of differing potential. As long as the leakage 
current does not exceed a specific design limit, the cable is judged good and is able to 
deliver electrical energy to a load efficiently.

Cable insulation may be considered good when leakage current is negligible, but since 
there is no perfect insulator even good insulation allows some small amount of leakage 
current measured in microamperes.

When is a Cable Insulation Bad?
When the magnitude of the leakage current exceeds the design limit, the cable will no 
longer deliver energy efficiently.

Why A Cable Becomes Bad?
All insulation deteriorates naturally with age, especially when exposed to elevated 
temperature due to high loading and even when it is not physically damaged. In this case, 
there is a distributed flow of leakage current during a test or while energized.

Many substances such as water, oil, and chemicals may contaminate and shorten the life 
of insulation and cause serious problems. Exposure to UV, elevated ozone concentration 
will also shorten the life of cables.

Cross-linked polyethylene (XLPE) insulation is subject to a condition termed treeing. It 
has been found that the presence of moisture containing contaminants, irregular surfaces, 
or protrusions into the insulation plus electrical stress provides the proper environment 
for inception and growth of these trees within the polyethylene material.

Testing indicates that the breakdown strength of these treed cables is dramatically 
reduced. Damage caused by lightning, fire, or overheating may require repair, upgrading, 
or replacement of the cable to maintain or restore service.
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Examples of cable condition as per FS grading system

Index

A1 New / good condition cable unbleached, maybe dust covered for
internal areas.

B1 Good appearance but with surface contaminates; Guano, moss, cement, 
water-based drilling mud.

C1 Good appearance but with surface contaminates that may degrade the sheath: 
Hydrocarbons / Acids. I.e.; Oil based drilling Mud’s, Hydraulic fluid, Gas 
Turbine / Compressor oil, grease & paints.

C2 Damaged sheath softened or even concertinaed sheath due to contaminates.

C3 Failed sheath due to contaminates. 

UV1 Colour faded (bleached) but not chalking.

UV2 Colour faded & chalking.

UV3 Perishing started.

UV4 Heavily Perished.

UV5 Cracked sheath.

UV6 Cracked sheath, rusting armour. 

UV7 Exposed inner core

QC1 Early ageing cable due to manufacture mishap, UV exposed, may be 
graded on UV1-7 scale

QC2 Stress cracking, mostly on tight bends (Transverse).

QC3 Sheath material turning to a soft ‘gum’ like consistency. 

M1 Impact / Chaffing (mechanical damage) damaged outer sheath.

M2 Impact / Chaffing (mechanical damage) fully thru the sheath into armour.

M3 Impact / Chaffing (mechanical damage) into inner core.

H1 Heat affected cable, sheath is misshapen and / or brittle.

H2 Heat affected cable, sheath is charred, possibly with burn thru spots to armour.

H3 Heat affected cable, sheath is fully compromised, armour maybe discoloured 

but is still intact, core unaffected.

H4 Heat affected cable, core exposed / fully failed sheath.

A-B NEW / GOOD APPEARANCE

A1 New / good condition cable unbleached, dust covered for
internal areas

Cables in this condition do not require any maintenance. Fire protection properties and 
lifetime extension would be increased by application of FS coating systems at this stage.

B1 Good appearance but with surface contaminates; Guano, moss, 
cement water-based drilling mud

Cables in this condition do not need to have any maintenance, however HP water blasting 
could be considered if contaminates build up in thickness possibly affecting the cooling 
properties of the sheath. Some cables could be bleached by Guano.
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C2 Damaged sheath softened or even concertinaed sheath due to 
 contaminates

Washing and then coating the cable with FS5 may be considered if concertinaing is 
still minor however, we would advise that FS carry out a survey and advise the correct 
course of action at this stage. The sheath can be fully stripped off and a new one installed 
utilizing our FS17 repair tape and FS5 coating system. 

C CHEMICALLY AFFECTED CABLES

C1 Good appearance but with surface contaminates that may
degrade the sheath: Acids, Oil based drilling Mud’s, Hydraulic
fluid,	Gas	Turbine	/	Compressor	oil,	grease	&	oil	based	paints

Many hydrocarbon-based chemicals could 
react with the cable to soften the outer sheath 
hydraulic fluid & compressor oil being of 
particular concern. It is advised to clean the 
cables using HP water and a degreaser like rig 
wash. 

Attempt to pinch the sheath, if you can move 
it from the core, then chemical softening has 
already started. Washing and degreasing the 
cable may halt this process but the cable has 
already lost a high percentage of its protective 
capabilities: I.e. Low Smoke emission, insulation 
value, dielectric strength.

It is advised to coat the cable with FS5 at this 
stage to restore / enhance the lost properties 
of the sheath and to protect the sheath from 
further chemical degradation.   
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C2 Damaged sheath softened or even concertinaed sheath due
to contaminates

C3 Failed sheath due to contaminates

Cables with fully failed outer sheaths can have the sheaths replaced by using FS17 repair 
tape and FS5 coating, armour (if present) may need to be replaced, this we can do with 
FS18 shielding tape. The condition of the inner sheath(s) to be assessed first.



FS   Page 12 FS   Page 13

UV UV AFFECTED CABLES

UV1 Colour faded (bleached) but not chalking

Red, yellow and blue cables tend to be affected by UV exposure worse than black or grey 
coloured cables. The first sign of UV degradation is loss of colour. This could indicate 
that the sheath material is at the first stage of UV affected breakdown.

UV2	 Colour	faded	&	chalking

Rub your gloved finger over the cable, if it comes away with a chalk like residue and the 
area that you have just rubbed is slightly shiny then chalking has started. This is a sure 
sign that the sheath material is beginning to break down. Life expectancy of the sheath 
at this stage is dependent upon thickness and quality of the remaining sheath. Erecting 
shade to cover cable runs may be considered or covering cable tray runs with covers. 
Application of FS5 at this stage will totally halt the UV aging of the cable. 

UV2	 Colour	faded	&	chalking

UV3 Perishing started
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UV3 Perishing started

Perishing or micro cracking of the cable sheath can occur at anytime after chalking has 
been noted. This may not be visible to the naked eye; a digital photo of the sheath can 
be taken, and by zooming in, micro cracking, if present, will be noted. Life expectancy 
of the cable at this stage could be anywhere between 18-36 months before the sheath 
fully cracks. At this stage many of the cable sheaths properties; dielectric strength and 
insulation values, have lowered considerably. Application of FS5 at this stage will totally 
halt aging of the cable and restore its lost properties.

UV4 Heavily Perished

Cracks in the cable sheath will be fully visible to the naked eye but have not yet reached 
the armour or inner core. The sheath material may be very brittle and most of the cables 
dielectric strength and insulation value may have been lost. FS5 coating may need to be 
combined with an underlay of FS17 repair tape in places to restore the properties of the 
cables, depending upon how brittle the sheath material is.
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UV5 Cracked sheath

Inner armour or inner sheath (if present) is now exposed, and the cable is now a major 
safety concern for hazardous (gas) areas. Fire Security offers various repair options at 
this stage, depending upon site conditions and operational constraints. 

UV5 Cracked sheath
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UV6 Cracked sheath, rusting armour

Inner armour or inner sheath (if present) is now exposed and the cable is now a major 
safety concern for hazardous (gas) areas. Rust streaking may be noted on the cable sheath 
and possible bulging of the sheath near cracks due to the rust expanding. Fire Security 
offers various repair options at this stage depending upon site conditions and operational 
constraints.

UV6 Cracked sheath, rusting armour
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UV6 Cracked sheath, rusting armour UV7 About to expose inner core

Fully failed outer sheath, stained with rust (if armour is present), and exposed inner core. 
At this stage, an HV cable should be considered beyond repair. If the client carries out 
megger testing and is happy with the results, then LV or Instrumentation/ control cables 
could be repaired (Not recommended for plant shut down or other critical operational 
cables).
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QC ISSUE OF SHEATH MATERIAL AT MANUFACTURE 
LEADING TO EARLY STAGING

QC1 Early ageing cable due to manufacture mishap, UV Exposed,
may be graded on UV 1-7 scale

Fire Security offers various repair options for this, depending upon the extent of aging, 
site conditions and operational constraints.

QC2 Stress cracking, mostly on tight bends (Usually Transverse)

Transverse cracking normally 
found on the outside of cables on 
tight bends.

For small diameter cables; Cover 
with FS17 Tape, coat with FS5. 

For large diameter cables, Fill 
with FS21, repair with FS17 Tape, 
coat with FS5.
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QC3 Sheath material turning to a soft ‘gum’ like consistency

Similar to chemically affected cable sheath, the material can be ‘pinched’ and even ‘picked’ 
off the sheath, and sticks like chewing gum to the fingers. 
FS has so far only come across this type of breakdown on exposed inner core wire 
sheaths at termination points. Options include coating the area with FS5 or slipping a 
pre-prepared colour coded sheath over the affected section.

M MECHANICALLY DAMAGED CABLES

M1	 Impact	/	Chaffing	(mechanical	damage)	damaged	outer	sheath

Cable sheath is either split by impact or worn down by repeated rubbing (chaffing) of 
the cable against a hard surface. FS17 Tape repair of area and coating with FS5. Friction 
protection in the form of rubber mats or Teflon sheeting to be installed to prevent further 
chaffing. 

M2	 Impact	/	Chaffing	(mechanical	damage)	fully	thru	the	sheath	
into armour

Cable sheath is either split by impact or worn down by repeated rubbing (chaffing) of the 
cable against a hard surface, the damage has extended to the armour, but the inner core 
is still intact.
FS18 Shielding tape repair of armour, FS17 tape repair above this, and coating with 
FS5. Friction protection in the form of rubber mats or Teflon sheeting to be installed to 
prevent further chaffing. 
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M3	 Impact	/	Chaffing	(mechanical	damage)	into	inner	core

Cable sheath is either split by impact or worn down by repeated rubbing (chaffing) of 
the cable against a hard surface, and damage has extended past the armour and into the 
inner core.

If the client carries out megger testing of the cable and is happy with the results, then the 
repair of LV & instrumentation cables may be carried out as for M2 condition cables. 
This is not recommended for HV or Plant shut down / operationally critical cables.

FS18 Shielding tape repair of armour, FS17 tape repair above this, and coating with 
FS5. Friction protection in the form of rubber mats or Teflon sheeting to be installed to 
prevent further chaffing. 

H HEAT / FIRE DAMAGED CABLES

H1 Heat affected cable, sheath is misshapen and / or brittle

Sheath material has partially melted and then re-hardened. If the client is convinced that 
the inner core is not affected, then repairs to the outer sheath can be carried out. FS17 
tape repair and coating with FS5

H2 Heat affected cable, the sheath is charred, possibly with burn 
thru spots to armour

Cables that have been affected by fire but are still capable of operation. 
FS17 tape repair and coating with FS5.
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H3 Heat affected cable, the sheath is fully compromised, armour
may be discoloured but is still intact, core unaffected

Cables that have been affected by fire but are still capable of operation.
FS17 tape repair and coating with FS5.

H3 
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H4 Heat affected cable, core exposed / fully failed sheath

Fully failed outer sheath, with exposed inner core due to external heat sources (for 
example cable near leaking exhaust). At this stage, an HV or instrumentation cable 
should be considered beyond repair. LV cables may be considered for repair. Various 
repair options are available depending upon site conditions and operational constraints. 

Website: santubongeng.com
China: Tianjin Runbo Engineering & Technology Co. Ltd
Phone: +86-22-65151579, +86-13820858510, Email: chentao@rbet.com.cn 
Website: www.rbet.com.cn

WORLD WIDE OFFICES AND REPRESENTATIVES

Fire Security worldwide offices:

Fire Security headquarter, Norway – Kristiansand: www.fire-security.com 
Phone +47 95 47 80 00, Fax +47 38 02 15 31, 
Email: headquarter@fire-security.com
Fire Security Norway – Oslo:
Mobile +47 91 54 48 81, Email: tw@fire-security.com
Fire Security USA – Houston:
Mobile +1-281-352-7182, +1-281-352-0800, 
Email: henning@nortech.com
Fire Security Brazil – Rio de Janeiro:
Phone: +55-21-97498.4945,  Phone: +55-21-98121.1380 
Email: brasil@fire-security.com
Fire Security Asia-Pacific, Indonesia – Jakarta:
Phone +62 21 2293 0520, Mobile +62 812 8990 0625, 
Email: paal@fire-security.com
Fire Security Middle East, United Arab Emirates – Ajman:
Phone +97 16 74 78 842, Mobile +971 50 6453425, Email: jrx@fire-security.com

Fire Security representatives:

Mexico: OistBrokers
Ciudad del Carmen, Phone +52 1938 3843 062, 
Email: jmontoya@oistbrokers.com
South Africa: IBAS GROUP (Pty) Ltd
Mobile +27 72 443 2900, Email: fire@ibasgroup.com 
Website: www.ibasgroup.com 
Kenya: Amotech (E.A.) Limited
Phone: +254709223344, Mobile +254720450565. 
Email: amos@amotech.co.ke  Website www.amotech.co.ke
South Korea: Kangnam Drive Co. Ltd.
Phone : +82-2-497-4505, +82-10-4572-4505, 
Email : fire@kangnamdrive.com Website: www.kangnamdrive.co.kr 
Vietnam: Gre-Coating Engineering JSC (VGCE)
Vung Tau City, Phone: (+84) 254 3 626 628,  
Fax: (84) 254 3 626 629, Mobile: (+84) 919430335.
Email: stewart@gce.com.vn Website: www.gce.com.vn
Brunei: PTT Engineering Sdn. Bhd.
Phone: +673-323-0185, Email: tn.lim@ptt.com.bn
Malaysia: Nargis Petroleum Sdn Bhd
Phone : +60 17 667 9269, Email: nphq@npsbm.com
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Global headquarters:
Skibåsen 20B, 4636 Kristiansand, NORWAY
Tel: +47 95 47 80 00 Fax: +47 38 02 15 31

Email: headquarter@fire-security.com
www.fire-security.com

Our products have been approved by leading classification societies and authorities:

U.S. COAST GUARD, Lloyd’s Register, Achilles, BV, DNV, RINA, NMA, ABS, FM, UL.


