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Abstract

Soil stress and cathodic protection shielding problems of tape coatings have been two of the
most discussed problems in the pipeline industry. The challenge to develop a tape coating system that
helps mitigate these problems was taken by one company approximately ten years ago. This particular
tape coating system has a woven geotextile fabric backing (soil side) over a compound composed of a
rubber modified bitumen. This tape system is cold applied by wrapping over a properly prepared and
primed pipe surface and has been successful in overcoming many of the problems associated with soil
stress and CP shielding.
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INTRODUCTION

The failures associated with tape products have caused many pipeline companies to stop using
any cold applied tape products for coatings. One company has developed and continues to test,
improve and further develop a tape product that helps to eliminate many of the problems associated
with tape coatings. This product has been on the market for ten years and has been successful in field
use.

Tape coatings have been used for approximately 50 years to protect pipelines from external
corrosion. They are usually more economical than other coating systems and are easy to apply in plant
and field applications. There have been a wide variety of tapes used for pipeline coatings. Most cold
applied tapes are composed of a solid film backed polyolefin laminated with an adhesive compound to
adhere the backing to the pipe surface. Some tapes are manufactured with a separator sheet between
tape layers to prevent the compound bonding to the backing during manufacturing and storage. Those
tape products that do not have a separator sheet between layers require the “memory” properties of the
stretchable film carrier as the primary agent for overlap adhesion. If this type tape is not properly
applied the overlap adhesion may not be sufficient. In conditions where soil stress, loss of adhesive
compound or disbondment occurs, many tape coatings have failed to properly protect the pipe.
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DISBONDED COATING AND CATHODIC PROTECTION SHIELDING

Many of the external corrosion problems on pipelines are caused from coatings that have
disbonded (lost adhesion to the steel) allowing water to penetrate between the coating and the pipe
steel. If the coating shields the cathodic protection currents, corrosion can become a serious problem.
Disbonded coating provides an electrical shield, limits the current distribution to the exposed metal
surface, and harbors a corrosion environment different from that at the holidays'. If a holiday is
present in the coating, cathodic protection currents can provide some protection to the steel where it is
exposed at the holiday. In low resistant electrolytes or where the coating damage is large, some
protection can be provided under the disbonded coating.

Many times coating disbondments have very few holidays or openings for CP to enter and
provide protection, but many times water can penetrate these shielded areas. Corrosion can occur
despite apparently adequate pipe-to-soil potentials”. Solid film polyolefin backed tape, shrink sleeves
and some other coatings that have disbonded are subject to this condition. Electrical resistance of PE
(polyethylene) coatings and their susceptibility for an unbonded installation creates a serious problem
on pipelines.™ A basic rule is to assume that cathodic protection can only protect what it can “see”. If
the steel is exposed to the same electrolyte as the CP anode and the protection level is adequate the
steel will be protected.

There are several reasons why tape coatings (and many others) disbond. Among these are:

- Soil stress

- Improper application

- Improper surface preparation

- Use of the wrong primer or no primer

- Bacteria that use the compound for a food source
B Operating temperature of the pipeline

Surface preparation, coating application and the proper use of primers will not be discussed
extensively in this article. There have been cases of tape and pipeline failures due to sulfate reducing
bacteria removing the compound from some types of tape coatings. This type of compound was
actually a food source for the bacteria. The coating was found to be broken at the rupture site and the
adhesive was mysteriously gone."” Some adhesive compounds gradually lose their properties, become
brittle and disintegrate. Of course if the compound is gone, water can penetrate and corrosion can
develop. For this reason, all tape products should be tested to ensure the compound is not a food
source for bacteria and the compound will stay stable (not disintegrate) with time in the environment
the tape is applied.

Pipeline operating temperatures above 65° C (150° F) is critical to the coating performance,
especially for tapes and other coatings that rely on a compound or adhesive for the bond to the pipe. In
many cases the compound or adhesive can soften and allow the coating to move creating separations in
the coating. In other cases the compound can flow to the bottom of the pipe leaving only a shell of
polyolefin or other outer layer. One must know the temperature limitations of any coating material
selected. Higher temperatures can also accelerate soil stress problems.
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SOIL STRESS

Soil stress or perhaps better terminology, soil forces, can occur as a result of backfill
settlement, pipe movement, alternating wet and dry conditions in the soil or a combination of these."
With tape coatings the soil stress can cause overall wrinkling resulting in possible separation at the
overlaps or wrinkles that normally occur in the 3:00 to 4:30 o’clock and 7:30 to 9:00 o’clock positions
on the pipe.

If this happens a condition develops where the pipe is not directly exposed to the surrounding
electrolyte, but any opening in the coating can allow water to penetrate. This water is now a different
electrolyte than that on the soil-side surfaces of the tape. Because the electrolyte under the coating is
now separate from that in the surrounding soil and the cathodic protection current is shielded by the
solid tape film, corrosion can occur. This environment allows for corrosion cells to develop that once
were protected by the tape coating. As mentioned above, there are a few instances where CP will
provide “some” protection under disbonded coatings with holidays. There are exceptions to the above
scenario. One is fusion bonded epoxy coatings (and possibly a few others). With adequate CP, fusion
bonded epoxies (FBE) do not totally shield CP currents” and therefore, rarely have corrosion problems
under disbondments.

WHY DOES SOIL STRESS AFFECT TAPES?

One reason many tapes fail due to soil stress is that most solid film backed polyolefin tapes
stretch easily. “Table 1" shows comparisons of the per cent elongation at break of several tape
products. Notice the woven geotextile fabric backed tape (No.12 & 12A) had elongation of 24 %,
while the solid backed tapes had elongation of 153% up to 641%. Common sense tells us that if a tape
elongates easily, it will also be subject to stretching, wrinkling and movement in soil stress
environments. Since most tape compounds are soft and flexible, they can be easily stretched and
moved along with the backing. Many times, the bond of the compound to backing is much better than
the bond of the compound to the steel. For this reason the compound usually moves with the backing
and adhesion is lost to the steel.

Break strength (Tensile strength) of the tape products is also important when considering
potential soil stress damage. Break strength is the amount of pounds per inch width of pull it takes to
cause the tape to break in the longitudinal direction. Tapes that have the strongest break strength are
going to be the least likely to stretch and be affected by soil stress. In one test the woven geotextile
fabric tape had break strength of 116 Ibs./inch width, versus the solid film backed tapes that ranged
from 4 to 75 Ibs./inch width. (See Table 1). The break strength of the woven geotextile fabric backed
tape also allows for the tape to be applied with sufficient force to ensure a tight fit and allow for little
or no stretch after application. The open weave of the fabric also allows for an aggressive overlap
bond because there is compound to compound contact.

The solid backed tapes can neck down and be applied without as much effort. A six inch solid
film backed tape normally loses 0.125” to 0.250” in width during application, but they can be stretched
much further. After application, these solid film backed tapes retain residual elongation capabilities,
permitting future elongation that can result in wrinkling or movement. The solid film backing may not
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allow as strong an overlap bond as the woven geotextile backed fabric tape because of its dependence
upon its “memory” property for adhesion.

IMPACT RESISTANCE

Impact resistance (See Table 2) of the woven geotextile fabric backed tape (No. 12) is not
usually as impact resistance as solid film backed tape systems. Many times the open weave of the
fabric allows the compound to be damaged or displaced during impacts. However, this is another
advantage of this product (even though some will think it is a disadvantage). With many solid backed
tapes the impacts also damage or displace the compound, but the solid film polyolefin backing does
not allow the impact to penetrate to the steel at lower impact values. The compound can be displaced
from the steel surface or cause a small area of disbondment if the impact is sufficient.

Polyolefins allow some oxygen penetration. T. Kamimura and H. Kishikawa address this in an
article. “Oxygen migrated not through the interface between the coating and steel at the holiday but
through the PE coating.”™" If damage occurs in the polyolefin film (even though not enough to “jeep”)
and the compound is displaced, the oxygen may penetrate at a faster rate. If there is any path for water
to enter the void where the compound has been displaced, the solid film will likely shield the CP and
COITOSION Can Occur.

As with most compounds, the rubber modified bituminous compound has the potential to shield
CP. With the woven fabric, the compound can be damaged enough that CP can “see” the steel and
protect it. The advantage comes from the fact that now the area can be protected, because the
compound is missing or damaged enough for the CP to protect the pipe. The compound will in some
cases “self heal” after impact if the damaged area is not too large.

CATHODIC DISBONDMENT

Since the compound can be damaged during impacts (backfilling, etc.), one must be concerned
with the affects of cathodic protection and possible cathodic disbondment. The rubber modified
bituminous compound used on the woven geotextile backed tape product has a very aggressive
adhesion to the steel. This aggressive adhesion does not permit water or cathodic disbondment “by
products” too easily penetrate between the compound and the steel. Excellent results have been
achieved during cathodic disbondment and other testing. Compared to other coatings, this product
usually out-performs other coating products as seen in two sets of test results. See 12 and 12A in
Table 3 and 7-T in Table 4.

In another set of tests performed by Charter Coating Service, Ltd., of Calgary, Alberta, Canada
the woven geotextile fabric backed tape out performed all other coatings tested in nearly every
category. Four 100% solids liquid epoxies, three cold applied tape coatings, one hot applied tape and
three shrink sleeves were tested and the results compared. (See Table 4) Only the cathodic
disbondment and impact results are included in Table 4.
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