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ABSTRACT 

The polyethylene tape coating bond failure on the soil-to-air region of a crude oil pipeline was 

investigated. After 14 years of use, the tapes were examined visually and with scanning electron 

microscope. (SEM) Adhesive, soil resistivity and holiday test were also carried out. The result 

showed that the SEM analysis from tape specimens in pipeline 1, 2, 3 and 4 were in accordance 

with the visual observation. The occurrence of metallics particles on polyethylene tape coating 

surfaces shows that the adhesive/metal interface is failing however, it was less on pipeline 1. 

The soil resistivity test indicates a mildly corrosive soil. 
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1.0 INTRODUCTION 

For years, pipelines have served as the safest, most efficient, and a very reliable method by 

which oil and gas is transported. As a result of the global demand for the supply of oil and gas, 

there is need for an effective pipeline system. One of such pipeline systems are pipelines buried 

under the soil. An underground pipeline is usually only visible at valves, pumping or 

compressor stations, or terminals. A lot of buried pipelines are made of carbon steel, according 

to the American Petroleum Institute API 5L specifications (Specifications for Line Pipe, API 

2000). (Kolawole et al., 2018 and Byron, 2021) These steels do not have enough alloy additions 

to make them corrosion resistant. They are therefore susceptible to corrosion failure 

modes/mechanisms in underground environments, including general corrosion, localized 

corrosion, pitting corrosion, and stress-corrosion cracking (SCC).  Corrosion in a buried 

pipeline involves local electrochemical processes where water acts as an electrolyte at the 

surface of the pipeline. The soil characteristics enable the access of atmospheric oxygen to the 

pipeline surface, resulting in biological activity microbial induced corrosion (MIC) which 

affects the chemical composition of the water phase in contact with the pipeline. Sometimes 

sulfate-reducing bacterial also influences corrosion whereby soluble sulfates present in the soil 

are reduced to sulfides (Ohaer et al., 2018 and Muthukuma, 2014) 

The need to improve the lifetime of pipeline systems as a result of global demand for oil and 

gas cannot be overemphasized. Therefore, there is need for proper economical and effective 

techniques to minimize corrosion and coating failure. (Amadi, and Ukpaka, 2014). Pipeline 

failure by external corrosion has resulted in both financial and environmental consequences, 

since corrosion is considered the major reason behind most pipeline failure. Corrosion being a 

natural process usually reduces the binding energy in metals resulting in the metal being 

oxidized as the bulk metal loses one or more electrons. The lost electrons are conducted through 

the bulk metal to another site where they are reduced. Thus, a lot of natural and environmental 

factors play a major role on the corrosion of metals even when no other special conditions are 

involved (Canadian Association of Petroleum Producers, 2018, Odio et al., 2014 and Hagelin-

Weaver et al., 2004)  

One way of controlling corrosion is by coating with tapes. Studies show that tape coatings have 

been used for more than 70 years for the reliable corrosion protection of pipelines. (Cui et al., 

2019, El-Abbasy et al., 2014 and Ijaola et al., 2020) The most common types of tapes are 

manufactured from Polyolefins - addition polymers which are polyethylene, polypropylene and 

Teflon tapes. (Cabrera et al., 2008] Tapes used for corrosion protection are mostly 

manufactured using polyethylene because besides offering flexibility, conformability, and 

excellent chemical resistance, it is also environmentally friendly (Ismail and Harun, 2013 and 

Zaheed and Jachuck, 2004) Tape coatings are known for their fairly high strength and wear 

resistance. They have advantages of the tape coatings are as follows: high maintainability when 

applied on pipes under factory and field conditions; good dielectric characteristics; low 

moisture and oxygen permeability, and fairly wide temperature range of operation. (–40 to 

+40°C) Polymer tape coatings however, are low in stability to shear at soil settlement, have 

insufficiently high shock resistance, and low biological stability of adhesive under layer. 

(Zaikin et al., 2010 and Patel, 2014) 
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It is usually expected that these tape coatings should be able to protect equipment against 

corrosion throughout the period of their operation and also satisfy a set of conflicting and 

rigorous requirements. They should possess high chemical and biological stability, good 

mechanical strength, dielectric properties, integrity, and low water permeability; to provide 

resistance against osmosis and electro-osmosis; to be sufficiently elastic; and to maintain their 

main properties under fluctuating temperatures (Harada et al., 1994) Many studies have been 

done on organic coating, Polyethylene in particular, used for corrosion protection. While some 

are field based study, many laboratories and experiment base studies of the evaluation of 

organic coating as a means of corrosion protection in different environment have also been 

carried out. 

Harada et al., (1994) conducted a 15years marine exposure test to investigate the durability of coated 

and uncoated steel and discovered the polyethylene performed well except for little damage like 

scratches. Amadi and Ukpaka (2014) also studied the performance evaluation of different types of anti-

corrosion coating in an oil industry. Four types of organic coatings were used for the evaluation 

namely, fusion bonded epoxy (FBE) scotchkote-206N, polyurethane (PU) aqualinc-600A, 

polyurethane-l 55 and 3- layer polyethylene (PE). They found out that fusion bonded epoxy 

(FBE) was more effective than the others. Malik et al., (1999) researched on the corrosion 

protection evaluation of some organic coatings in water transmission lines. The project includes 

short- and long-term testing of three types of organic coatings, which are: polyethylene (PE), 

polyurethane (PU) and fusion bonded epoxy (FBE) on steel in order to ascertain the corrosion 

behavior in aqueous environment with reference to product water. They carried various 

analysis which includes mechanical testing, wet tests and impedance studies. The coating 

materials used for the study were FBE-Scotchkote-206N, PU–Aqualine-600A, PU-Irathane-

155 and 3-layer PE. Wet tests include salt fog, autoclave and close circuit corrosion loop were 

done to study the corrosion behavior of the coating material, water uptake or permeation and 

also to study the coating stability under high temperature and pressure. Adhesion, bending and 

cathodic disbonding tests some of the mechanical test. The results of salt fog tests showed that 

the creepage of the scribed-coated samples increases with increasing exposure time. There was 

no blistering in FBE, 3-layer PE and Irathane-155 (PU) after 100 days exposure in salt spray 

cabinet but blistering was discovered on the scribed and unscribed surfaces.  The autoclave 

tests results indicated that FBE, Aqualine-600A and 3-layer PE coatings are quite resistant to 

waters at 40°C and 1500 psi but Irathane–155 exhibited a decrease in thickness in liquid as 

well as vapor phases and also showed slight discoloration, swelling and texture appearance in 

both phases. The adhesion tests on coatings showed that the binding between the metal 

substrate and the coating was more than the coating and the dolly. The pull off adhesion tests 

that was carried out on coated samples after autoclave tests showed that adhesive strength of 

all the coating was greater than 500 psi. The flexibility (bending) tests that was carried out on 

the coatings showed no defect or presence of holidays at the bending site. 

 Mohammed, (2015) evaluated the external coating performance on buried pipelines in the oil 

and gas industry. The coating performance of FBE and hybrid epoxy in simulated Arabian Gulf 

water and simulated soils conditions (Sabkha) was investigated. The effect of coating damage 

and disbondment on corrosion resistance was also investigated. The results indicated that there 

was a reduction in the adhesion bond between the coatings and substrate. The corrosion current 

density measurements showed that both media are corrosive. The protective coatings under 
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investigation did not show any blistering effect or color change under test conditions, thus, 

showing their excellent corrosion resistance property. 

Most of the field studies were on polyethylene as a material was done on varied environment. 

Mohammed (2015) worked on the performance of polyethylene on simulated soil condition. 

To the best of my knowledge very little have been done on the performance of polyethylene 

tape coating/mild steel bond failure on the soil-to-air region of a crude oil pipeline after a 

certain period of exposure. 

2.0 MATERIALS AND METHODS 

2.1 Materials  

The specimens are polyethylene tapes installed on the soil to air transition section of a mild 

steel pipeline for corrosion protection. After fourteen years, the soil to air transition section 

was excavated and the polyethylene tape coating examined. The specimens were 

taken/examined from different transition point of pipelines within a field in Escravos, Delta 

State.  

2.2 Test Equipment 

The equipment used for this project are: Holiday detector (Elcometer 236), Soil Tester 

(MeggerDET4TCR2), SEM, Digital Camera. 

Table 1. shows the specification of the organic coating system used for this experiment. The 

organic coating is a cold applied high-density polyethylene with butyl rubber adhesive installed 

in 2005. Specimen 1a, 2a, 3a and 4a were taken from above ground at different transition points 

and examined and specimen 1b, 2b, 3b and 4b were taken and examined as well from below 

ground at different transition points. 

Table 1. Organic Coating Steel Specifications. 

Specimen Exposure Period Organic Coating system (Tape) Thickness of 

Coating (μm) 

Distance from 

specimen 4 (m) 

Specimen 1 14 years PE + Butyl rubber adhesive 890 27  

Specimen 2 14 Years PE + Butyl rubber adhesive 890 10  

Specimen 3 14 Years PE + Butyl rubber adhesive 890 35  

Specimen 4 14 Years PE + Butyl rubber adhesive 890 0 (Reference) 

Where, PE – Polyethylene. 

2.3 Methods: 

2.3.1 Close Visual Examination 

The soil to air transition section was excavated and the polyethylene tape coating examined. 

While polyethylene tape specimens were taken from the pipelines being investigated, the 

appearance of the specimens were visually observed (Macro examination) to assess the general 

condition of rust and coating deterioration such as blisters (Holiday), exfoliation, cracks and 

scratches. The examination was carried out before and after brushing the surfaces of the 

polyethylene tape coating samples and a handheld lens used to reveal details that were not very 

visible unaided.  
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2.3.2 Soil Resistivity Test 

The technique used here was the Wenner four-electrode (IEEE Std 81) method. The soil 

resistivity test was carried out close to the transition section of each pipeline specimen.  

Readings were taking both parallel and perpendicular to the pipeline direction with electrode 

distance of 1m, 3m and 5m for each specimen area and an average resistance value recorded.  

2.3.3 Structural Examination 

Model phenom prox scanning electron microscope was used to study the surfaces of the coated 

tapes and also to obtain an approximation of film thicknesses and compositions. The SEM was 

equipped with LaB6 electron gun and an EDAX EDS system. For EDS, the software EDAX 

Genesis was used. All 3 surfaces were studied with SE and BSE (COMPO mode) detector at 

one EO (15kv). 

2.3.4 Holiday Test 

The holiday test was carried out in accordance with NACE RP-0274 (National Association of 

Corrosion Engineers, Recommended practice). The test was conducted on the coating external 

surface of by applying an electrode brush to the coating surface using a voltage of 600V/100μm 

to 900V/100μm, to determine the extent of coating failure, holidays or discontinuities. Holiday 

testing helps in detecting even the smallest coating flaws invisible to the naked eye. The coating 

failure were represented in the form of a profile with the extent depicted in colour-codes for 

ease of interpretation. 

2.3.5 Adhesion Test  

Adhesion tests on the polyethylene pipeline tape specimen were carried out under atmospheric 

condition in accordance to ASTM D4541 using Elcometer 106 Adhesion tester. Pull-Off 

adhesion test methods was used to ascertain the adhesive strength of the coatings. Adhesion 

tester consists of a 20mm dolly, which were glued perpendicular to the coated surface of the 

specimen. The dolly cutter was used to cut the coating around to the dolly diameter. After the 

adhesive (glue) was cured for 24hours, the magnetic dolly clamp was attached to the dolly and 

then pulling the dolly by exerting a force perpendicular to the surface in order to remove the 

dolly with the coating from the surface of the specimen. The force applied to the magnetic dolly 

clamp was then increased gradually and monitored until the plug of coating material is 

detached.  When the coating was pulled off the surface, an indicator on the scale showed the 

numerical value of adhesion strength expressed in terms of the force per unit area required to 

remove the dolly.  

3.0 RESULTS AND DISCUSSION 

3.1 Visual Examination 

The appearance of the specimen was visually observed (Macro examination) to investigate the 

general condition of the external coating and metal surface for rust, undercoating corrosion and 

coating deterioration. The results are presented in Figure 1 to 4. A summary of the close visual 

inspection is found in Table 2. 



Ukor, U. V. and Unueroh, U. G.; Journal of Engineering for Development, Vol. 14(1), March (2022) pp.85-100 

90 
 

                                                    

 

                  

 

 

 

 

         

 

Figure 1. Close Visual Examination of Pipeline 1 

 

 

       

        

 

 

 

 

 

 

 

                            

 

Figure 2. Presents the Close Visual Examination of Pipeline 2 
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Specimen 1a (Above ground) External 
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Specimen 1b (Below ground) External 
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Specimen 1a (Above ground) External 

metal surface underneath Tape coating 

Specimen 2b (Below ground) External 

Tape coating surface  

 

Specimen 2a (Above ground) External 

Tape coating surface  

Specimen 2a (Above ground) External 

metal surface underneath Tape coating 

Specimen 2b (Below ground) External 

metal surface underneath Tape coating  
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Figure 3. Presents the Close Visual Examination of Pipeline 3 

 

 

 

 

        

 

 

 

 

 

 

                                     

 

 

Figure 4. Presents the Close Visual Examination of Pipeline 4 
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Specimen 4b (Below ground) External 

metal surface underneath Tape coating 
Specimen 4a (Above ground) External 

metal surface underneath Tape coating 
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Table 2. The findings from the close visual inspection. 

  

Test Item 

 

Conditions 

PE + Butyl Rubber Adhesive 

Zone Specimen 1 Specimen 2 Specimen 3 Specimen 4 

 

Above soil 

level (a) 

Pipe Surface S. A NF NF F F 

Pipe Surface U.C.C NF F F F 

PE Coating Cracks NF NF NF NF 

PE Coating Blistering F F F F 

 

Below soil 

level (b) 

Pipe Surface S. A NF F F F 

Pipe Surface U.C.C NF F F F 

PE Coating Cracks NF NF NF NF 

PE Coating Blistering F F F F 

Table definitions: S. A: Surface Appearance (if anomalies are present or not) 

  U.C.C: Under-Coating Corrosion, NF: Not Found, F: Found     

The visual examination of the results in Figures 1 to 4 show that there was degradation on the 

tape coating surface and rusting on the pipeline metal surface, both for above ground and below 

ground. The tape coating degradation seems to increase from specimen 1 to specimen 4. This 

can be attributed to specimen 1 been farthest from human activities while specimen 4 is the 

closest. Human activities around specimen 4 could have affected the ability of the polyethylene 

tape coating to function effectively. It is worthy to note that a polyethylene tape coating does 

not provide a continuous spread on the pipeline metal surface. Rather it has joints as it spirals 

around the pipeline section. These joints are the easiest points of failure especially from 

mechanical damages from human interactions giving rise to water/moisture ingress at failed 

edges, areas of pinholes or other exposed area causing localized to general external corrosion 

on the pipeline metal surface.  

Specimen 1 to 3 still shows a good resistance against mechanical coating damage which is in 

agreement with the findings of Harada et al., (1994) whose survey indicated that polyethylene 

coating has good resistance against mechanical coating damage but differ in terms of corrosion 

protection. They noted that polyethylene coating provided good corrosion protection over the 

15years period covered by their survey. However, specimen 1 to 4 did not provide the same 

protection after 14years. This can be attributed to the form in which the polyethylene coating 

was applied, one as an organic coating (paint) while the other as an organic coating (Tape). 

The external surfaces of the polyethylene tape coating have lost its luster due to exposure to 

the elements. The tape coating system on Pipelines 1 to 4 (Fig 1 to 4) was noted to withstand 

the external abrasive impacts from the soil due it’s good resistance to abrasion and good elastic 

property. This is evident in the level of degradation (abrasion) observed on the coating surface 

and further confirmed the good resistance against mechanical coating damage noted by Harada 

et al., (1994).  

The evidence of blistering prevalent on the surfaces of the polyethylene tape coating may have 

resulted from thermal expansion and contraction of locally failed/disbonded sections with 

trapped air known as holiday. These holidays which could be introduced at the point of 

installation or when the tape coating begin to fail is exposed to temperature variation from 

flowing crude oils or atmospheric, causing the trapped air to undergo thermal expansion and 
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contraction leading to the growth of blisters which may not be readily visible initially but 

become visible over time. 

 

3.2 Scanning Electron Microscopy (SEM)  
          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

  

    

Figure 5. Presents image of SEM of the Tape 

coating taken above ground from Pipeline 1 

 

Figure 6. Presents image of SEM of the Tape 

coating taken below ground from Pipeline 1 

 

Figure 7. Presents image of SEM of the Tape coating 

taken above ground from Pipeline 2:  

 

Figure 8. Presents image of SEM of the Tape 

coating taken below ground from Pipeline 2:  

 

Cracks 

Adhesive material Adhesive material 

Cracks 

Cracks Corrosion products Adhesive material Crack Adhesive material 

Adhesive material 

Cracks 

Adhesive material 
Cracks 

Figure 9. Presents image of SEM of the Tape 

coating taken above ground from Pipeline 3:  

 

Figure 10. Presents image of SEM of the Tape 

coating taken below ground from Pipeline 3:  
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The results from the SEM analysis shown on figures 5 to 12 indicates the spectra on the surfaces 

are in agreement with the visual observation and the presence of iron on polymer sides shows 

that the failure is at the adhesive/metal oxide layer. This is in line with the findings of Ismail 

and Harun, (2013) on the evaluation of rubber/mild steel bonds failure exposed to marine 

environment. The SEM images from these studies showed mark of grit line on the failed rubber surfaces 

indicating that the failure is at the primer/metal interface, which is similar to the results of Ismail and 

Harun, (2013), even though the test environment was different. The chemical composition on the 

surfaces of the tape specimen further indicates a superficial external corrosion on pipelines 1 

to 3, including 4a of pipeline 4 while 4b indicates a more active external corrosion compared 

to the other specimens and supports that the failure was from corrosion activities on the 

adhesive/metal interface. The evidence of coagulation failure was noted, with cracks prevalent 

due to contraction of the adhesive material from long exposure. 

The presence of metallics particles on the micrograph, more visible on specimen 4a and b agree 

with the visual evidence of undercoating corrosion on the metal surface.  
 

3.3 Soil Resistivity Test 

The results from the soil resistivity test are shown in Table 3. 

Table 3. Soil resistivity test Result 

 

Soil resistivity reference values from the Canadian Association of Petroleum Producers (CAPP), 

2018. 

 

Results from the soil resistivity test show that the soil on which the specimens were evaluated 

has resistivity values that indicates a mildly corrosive soil. The result in Table 3 revealed that 

Specimen  Soil Resistivity (Ω.cm) Corrosivity rating 

Specimen 1 location 9800 Mildly corrosive 

Specimen 2 location 8300 Mildly corrosive 

Specimen 3 location 8600 Mildly corrosive 

Specimen 4 location 8900 Mildly corrosive 

Figure 11. Presents image of SEM of the Tape 

coating taken above ground from Pipeline 4:  

 

Figure 12. Presents image of SEM of the 

Tape coating taken below ground from 

Pipeline 4:  
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Crack 
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the coating evaluation of the polyethylene tape coating on all specimen provided similar 

corrosion protection in the mildly corrosive environment over the 14year period as evident 

from the visual examination.  

Specimen 1 shows a higher corrosion resistance than specimen 2 to 4 which can be attributed 

to the higher soil resistivity around specimen 1.  

Other factors such soil type (ability to retain water) and human interaction could have 

accelerated the corrosion noted on specimen 2 to 4 making the correlation between the soil 

resistivity and its corrosivity not evident as Polyethylene has immunity to large variations in 

pH as noted in the investigation carried out on Organic coating (Polyethylene coating) by 

Amadi and Ukpaka, (2014)  

 

3.4 Adhesive Test  

The results obtained here shows that the bond between the metal surface and adhesive/tape 

are good but prolong exposure to the field environment resulted in the deterioration at the 

metal surface/adhesive interface for both above and below ground. 

 

 

Figure 13. Showing graphical representation of Adhesive test result. 

The results obtained here implies that the bonding between the coating and dolly was more 

than the substrate and the metal surface hence the failures were coagulative in nature between 

the metal surface and adhesive layer for above and below ground. There is evidence of reduced 

adhesive strength when compared to manufacturer’s adhesive strength values. This is shown 

in Figure 13. Figure 5 to 12 shows adhesive layers that have hardened, became brittle (visible 

weblike cracks from images) and lost its ductility to resist impact/movement from service 

conditions. The butyl rubber adhesives used as bonding layer on the metal surface corroded, 

and such corrosion process may compromise the performance of the adhesive surface, either at 

the bonded interface or adjacent to it. There are three possible failure processes could have 

occurred on the adhesive joint durability; interfacial failure due to water hydrolysis of the 
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adhesive from the substrate, the degradation of the adhesive itself in the service environments, 

and the interfacial failure as a result of cathodic or anodic activity at the substrate, that is 

referred to as either cathodic delamination or anodic undermining. (Odio, et al., 2014) This is 

in agreement with Ismail and Harun, (2013) where the failure was at the primer/metal interface and 

also exhibited similar results even though the test environment was different.  

The adhesion strength that was reduced significantly over time is also in agreement with 

Harada et al., (1994) whose experiment involved exposure of polyethylene coating in a marine 

environment for 15 years observed significant adhesion strength reduction.  The percentage 

reduction in adhesion strength from this evaluation was between 24% to 40% which is more 

than that gotten by Harada et al., (1994) which stood at 4% to 24% at different test 

environments.  

The percentage reduction of adhesion strength was also noted to be more on the specimen 

above ground than specimen below ground. This can be attributed to the higher temperature 

variation and exposure to ultraviolet rays by the specimen above ground resulting in higher 

adhesive deterioration when compared to the specimen below ground that are not directly 

exposed to sunlight.  

 

3.5 Holiday Test 

The results from the holiday tests are as shown below.     

The Figures shows scan of 12 inches (two scans of 6 inches each) taken above and below 

ground with the area of discontinuity noted. The sum of areas of discontinuities indicated from 

the test with reference to the total area tested per section is used to determine the percentage 

area of discontinuity. 

 

 

 

 

 

 

 

 

 

 

Figure 14. Shows graphica7l presentation of 

percentage discontinuity from scan on 

specimen 1 from Pipeline 1. 

Figure 15. Shows graphical presentation 

of percentage discontinuity from scan on 

specimen 2 from Pipeline 2. 
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Results from the holiday test assessing the areas of Tape coating discontinuity (Disbondment) 

are shown in Figure 14 to 17. The profile of the polyethylene tape is measured 6 inches length 

in the axial direction per section under assessment, from above grade toward below grade. 

Discontinuity in the surface adhesion (Holiday) was noted on all the specimens between the 

Polyethylene tape coating and the pipeline external. This is like the failure observed by 

Mohammed, (2015). The transformation of the adhesive layer from a soft and high adhesive 

strength material with high surface energy to a hard and brittle material (as evident on the SEM 

image) also contributed to the disbondment as the tape resistance to mechanical and thermal 

stresses are reduced. Trapped air within the system during installation could not be ruled out 

as the cause of the micro void space (holiday) underneath the polyethylene tape coating. The 

process of cold installing of the tape does not normally include holiday tests after installation 

hence no valid record to show the absence of holiday.  

Specimen 4 was noted with the most discontinuity which could be attributed to external factors 

from human interaction. This could have cause failures at the tape edges allowing moisture 

ingress and subsequent under-coating corrosion.  

4.0 CONCLUSION  

Having evaluated the specimens, the following conclusions were made: 

i. The polyethylene tape coating provided good resistance against coating damage 

however, its limitation in providing effective corrosion protection is born from the fact 

that organic tape coating (Polyethylene Tape) does not provide a continuous spread 

over the pipeline surface, leaving multiple break points for failure other than through 

hole failure to occur.  

Figure 16. Shows graphical presentation of 

percentage discontinuity from scan on 

specimen 3 from Pipeline 3. 

 

Figure 17. Shows graphical presentation of 

percentage discontinuity from scan on 

specimen 4 from Pipeline 4. 
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ii. The results from the SEM analysis from tape Specimens 1a, 1b, 2a, 2b, 3a, 3b, 4a, 4b 

(Pipelines 1, 2, 3 and 4) indicates that the surfaces were in line with the macro or visual 

observation and the occurrence of metallics particles on polyethylene tape coating 

surfaces shows that the failure is at the adhesive/metal interface and undercoating 

corrosion (UCC) is taking place, however, it was less on specimens 1a and 1b compared 

to other specimens.  

iii. The results from the Adhesion test failure of the adhesive bond indicated that the bond 

failure of the butyl rubber to metal surface may have been caused by a corrosion 

reaction which is evident on the SEM images and chemical compositions.  

iv. The Adhesion test, Holiday test and SEM analysis shows that an organic tape coating 

that maintains a high mechanical and adhesion properties for a long time is required to 

inhibit corrosion and prevent delamination. Organic tape–metal bonding with butyl 

rubber adhesive layer exhibited higher surface energy (manufacturer’s data), which 

translates in high adhesion to the metal substrate, however, it is dependent on the quality 

control process during installation. 

v. Results from the soil resistivity test shown in Table 3 shows that the soil on which the 

specimens were evaluated has resistivity values that indicates a mildly corrosive soil, 

but the correlation between soil resistivity and the polyethylene tape coating 

deterioration could not be established.  

vi. Tape coating will serve better in an environment void of human activity which can 

inflict external damages which can accelerate the rate of failure. 
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