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[bookmark: _Toc9875459]Abstract
With corrosion and wear costing the UK economy £80 billion per annum at estimate (University of Edinburgh, 2017); it is prudent to understand and apply effective methods of corrosion reduction. This report explores the corrosion mechanisms which currently limit the operational service life of maritime barges- owned by QinetiQ and involved in defence based activity.
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[bookmark: _Toc9875461]1. Introduction
A fleet of maritime barges are operated by the Aberporth Range to support air and sea trials within Cardigan Bay for the purpose of research and development. To support the range activity, a barge is fitted with a targetry system, data acquisition equipment and deployed to a mooring location where there is exposure to harsh weather and high sea-state conditions. The barges are of a mild steel, angle section and plate construction; they are spray painted with a polyamine cured pure epoxy coating for protection. Shown below is a new barge and a typical deployment scenario. This report will explore the corrosion mechanisms specific to the maritime barges alongside a review of current literature. The characteristics of the coating system will be investigated to assess its performance and effectiveness in the particular application. Recommendations and costings will be discussed in an effort to provide useful information for future reference. 
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[bookmark: _Toc9875496]Figure 1 - Paint Coated Barge (QinetiQ, 2019).
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[bookmark: _Toc9875497]Figure 2 - Deployment Environment (QinetiQ, 2019).
[bookmark: _Toc9875462]2. Literature Review
[bookmark: _Toc9875463]2.1 Safety Considerations
The seriousness of hazards bought about by corrosion on steel barges and workboats is widely acknowledged within the maritime industry and the defence sector alike. The IMCA (2019) commercial guidance illustrates how unmonitored corrosion among other contributing factors resulted in the sudden failure of a deck mooring bollard. The IIMS (2019) reports how a corroded workboat bulkhead caused an explosion which resulted in the death of two crew. In both cases, the original protective coating applied to the steel components had been compromised, allowing the onset of corrosion. In addition, professional bodies are active in promoting the need for compliance with marine safety to avert the stated situations (HSE, 2019); the MCA state in the annual report (2018) their commitment to enhance maritime standards by working alongside the industry. The prominence of adhering to marine safety regulation and following approved codes of practice, as set by the professional bodies has never been greater. In contrast, the MCA also state that 50 vessels were detained in the UK throughout 2018 for reasons relating to non-compliance, a number of cases included levels of corrosion which were directly impacting safety (MCA, 2018). The stated facts highlight the level of diligence required when dealing with corrosion.

[bookmark: _Toc9875464]2.2 Corrosion Process
Corrosion can be defined as a metal’s tendency to revert to a more noble, or stable energy state. Marine corrosion is defined as the deterioration of metal through various mechanisms which eventually results in component failure if appropriate control measures are omitted. With reference to Figure 3, the corrosion principles for iron in the presence of aerated water are illustrated:
The reaction at the anode is expressed as:

The loss of electrons results in positively charged ferrous ions which travel to the cathode via the water. The electrons released at the anode travel to the cathode via the metallic circuit enabled by the electrolyte conductivity. These electrons are used to deplete the oxygen held in the water, at the cathode. Therefore, the following may take place at the cathode:
  (For acidic water)
(Standard)

The negatively charged hydroxide ions react with the positively charged ferrous ions to form iron hydroxide.
   (White Rust)
   (Brown Rust)
The end product is iron(III) oxide, Fe₂O₃ or ferric oxide; which is generally referred to as classical red rust. The rust is deposited slightly off the surface in the form of a somewhat useful oxide layer, which is effectively an insulator. The base metal is protected by the thin uniform layer of oxides; however, if this delicate layer is disturbed the corrosion will accelerate (KFUPM, 2001). The work of Nazari et al. (2010) evaluate the effects of pH and temperature on the corrosion rates of steel; findings reveal that particular combinations and the introduction of additives can initiate the growth of thick oxide layers which provide potentially useful anti-corrosion characteristics.

[image: ]
[bookmark: _Ref9293116][bookmark: _Toc9875498]Figure 3 - The Corrosion Process (KFUPM, 2001)




[bookmark: _Toc9875465]2.3 Corrosion Mechanisms
Significant corrosion modes which are relevant to the maritime barge scenario are discussed to establish an understanding of current knowledge and of the mitigation procedures available. 
[bookmark: _Toc9875466]2.3.1 General/Uniform Corrosion
Sandik (2019a) characterise general corrosion as the uniform loss of material over a surface and the most widely recognised type of corrosion. It is expressed as the amount of material lost per unit area over time. With consideration towards general corrosion of a barge hull, NACE (2019a) propose the use of paint systems as an adequate method of control. Cathodic protection and the application of specific corrosion allowances are also identified as suitable methods. ASP (1999, p. 14) discuss the possible modes of attack available to general corrosion as a result of damage to a paint coating and propose a zinc or zinc alloy primer layer to lessen damage to the underlying steel structure. The impact of general corrosion has been recently observed through a number of un-painted stock barges at an on-land location with exposer to sea air. After several years of uninterrupted general corrosion, the outer mild steel plate thickness had reduced past the specified serviceable limits and required major overhaul before use. Other than the visible red rust oxide layer shown in Figure 4, there was no indication of the severity of metal loss. The ultra-sonic thickness measurement method was used in comparison with original design specifications to establish the extent of corrosion.
[image: C:\Users\jamowbray\Desktop\Barge Corrosion Photos\Uniform General.jpg]
[bookmark: _Ref9103657][bookmark: _Toc9875499]Figure 4 - Uniform Corrosion of Barge Stock (QinetiQ, 2019).
[bookmark: _Toc9875467]2.3.2 Galvanic Corrosion
Galvanic corrosion is enabled when a combination of two or more different metals are put into contact in the presence of an electrolyte (Kulkarni, 2011). This set-up is regularly observed on the barge deck when stainless steel and galvanised fasteners are combined with aluminium, galvanised or bare steel bracketry. The galvanic series illustrates the electrical potential difference between the commonly used engineering materials, shown in Appendix 1. By way of example, 304 grade stainless steel used as a fastener is considerably more noble than the zinc contents of a hot dip galvanise coating on a steel bracket: the bolt will be subject to passive cathodic protection through the sacrifice of the zinc anode. AGA (1999) propose galvanic corrosion of dissimilar metals in the presence of a seawater electrolyte constitutes a substantial path for electron flow between the anode and cathode, which drives destructive rates of corrosion upon the anode, shown in Figure 5. The work of Saylor Academy (2012) describe how painted dissimilar items are still susceptible to galvanic corrosion; minute cracks in a paint coating have the potential to drive the corrosion on a narrowly focused area, enabling equally destructive corrosion rates, shown in Figure 6. Alternatively, it is accepted that dissimilar metals in ambient condition do not pose a significant issue due to the potential electrolyte being rainwater or condensation, which are considered poor electrolytic materials due to their low proportion of conductive minerals (AGA, 1999). Parts of the barge deck equipment display galvanic corrosion where zinc sacrifices onto the bare steel in a powdery form, shown in Figure 7; the rate of corrosion is presumed by the exposure to the seawater electrolyte, which in turn depends on the sea-state through splash-wetting of the predisposed zones. 
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[bookmark: _Ref9110284][bookmark: _Toc9875500]Figure 5 - Galvanic Corrosion Illustration (Saylor Academy, 2012).
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[bookmark: _Ref9110760][bookmark: _Toc9875501]Figure 6 - Galvanic Corrosion and Paint Damage Illustration (Saylor Academy, 2012).

[image: C:\Users\jamowbray\Desktop\Barge Corrosion Photos\Galvanic.jpg]
[bookmark: _Ref9111039][bookmark: _Toc9875502]Figure 7 - Barge Deck Equipment Galvanic Corrosion (QinetiQ, 2019).


[bookmark: _Toc9875468]2.3.3 Intergranular Corrosion
MES (2017) define intergranular corrosion as a form of localised attack that occurs along the grain boundary which is generally observed in stainless steels. Sandvik (2019b) detail how the sensitisation of stainless steel through heating can cause chromium depletion through chromium carbide precipitation along the grain boundary. The remaining low chromium material adjacent to the boundary becomes prone to corrosion as the chromium oxide layer fails to provide adequate resistance. The grain orientation mismatch caused by the formation of carbides, coupled with corrosion; readily allows the material to disintegrate via the dropping-out of grains (SSINA, 2017). This scenario is commonly observed in the heat affected zone of a weld and branded, weld decay (BSSA, 2018). Surface mechanical attrition treatment is a proposed method for preventing weld decay by inducing grain refinement in stainless steel prior to welding: the work of Laleh, Kargar and Rouhaghdam (2012) confirms a reduction in sensitisation in the heat affected zone post-welding, significant enough not to compromise corrosion resistance. The more widely accepted method for limiting weld decay is through the use of stabilised stainless steel; titanium or niobium alloying additions. Grubb and Fritz (1997) propose that the various thermal cycles experienced during welding influence the resistance to intergranular attack: their work discusses the drawbacks of stabilisation techniques in order to offer specific material and process limitations.
Liang, Melchers and Chaves (2018) studied aluminium corrosion in relation to seawater splashing over a two year period; they propose that micro-galvanic cells form between aluminium and alloying elements along the grain boundaries which enables a localised breakdown of the material, resulting in pitting and further corrosion. Another recent pioneering study proposes that mild steel is liable to intergranular corrosion in the presence of a carbon dioxide and sodium nitride solution (Zhou & Zuo, 2015). Both papers develop an investigation from a comprehensive knowledge base; the conducted experiments and handling of data have followed a seemingly meticulous manner. It is important to recognise that the subject of mild steel intergranular corrosion is lacking any further peer reviewed papers for comparison; therefore, the results await validation. 

[bookmark: _Toc9875469]2.3.4 Stress Corrosion Cracking
The initiation and propagation of cracks within a material is reliant on a combination of tensile stress, a specific corrosive environment and a susceptible metal or alloy (Total Materia, 2001). To explain further, the forum for marine corrosion (2018) state that high levels of stress within a material or residual stress from manufacture may lead to selective corrosion of an otherwise corrosion resistant material. Stress corrosion cracking is defined as a progressive failure that initiates cracks at stress levels far below the specific material yield point, which adds credibility to the residual stress argument (MES, 2017). 
Sandvik (2019c) state that stainless steel becomes particularly susceptible to cracking when exposed to sulphide and chloride concentrations; as mitigation against cracking, limitations of use are explored and a range of tested, crack-resistant materials are specified for each scenario. MCF (2018) discuss the effect of marine environments on resistant alloys and the potential for inducing hydrogen, chloride or sulphide cracking. It is realised that a large emphasis should be placed on initial material selection with careful attention to component design. In the case of steel structures, high localized stress is typically found in regions that have an abrupt geometric change. To limit cracking it is essential that changes in section size are gradual and holes or sharp corners are not placed along load paths (Thomas, 2017).

[bookmark: _Toc9875470]2.3.5 Crevice and Pitting Corrosion
Crevice corrosion is a localised form of attack commonly observed in stainless steel; which take rapid effect in seawater environments (Sandvik, 2019d), highlighted in Figure 10 alongside galvanic corrosion. Pitting often occurs when steels are exposed to a continuous wet condition; once a pit has formed it effectively becomes a crevice due to the restricted oxygen circulation. The corrosion process depletes the remaining oxygen in the crevice which allows for the set-up of an anode at the crevice base and a cathode at the crevice entrance (SCI, 2015), shown in Figure 9. The damage associated with pitting corrosion is a result of continuous anodic material removal. Practical methods of mitigation are to seal out the electrolyte from the oxygen depleted areas and remove surface deposits through regular cleaning (BoatUS, 2019). The classic examples of crevice corrosion are lap joints, underneath bolt heads, behind washers and underneath surface deposits, shown in Figure 8 and Figure 10. The corrosion observed in these examples are a result of the stainless steel not being able to replenish the protective chromium oxide layer. 
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[bookmark: _Ref9203645][bookmark: _Toc9875503]Figure 8 - Crevice Corrosion (Syrett, 2001).
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[bookmark: _Ref9262965][bookmark: _Toc9875504]Figure 9 – Pitting & Crevice Corrosion (QinetiQ, 2019).
[image: C:\Users\jamowbray\Desktop\Barge Corrosion Photos\Galvanic and Crevice.jpg]
[bookmark: _Ref9263754][bookmark: _Toc9875505]Figure 10 – Crevice and Galvanic Combination (QinetiQ, 2019).
[bookmark: _Toc9875471]2.3.6 Erosion Corrosion
Erosion corrosion is an increased rate of material wear due to relative motion of a fluid and the surface; this mode is most commonly observed acting on pipe walls. With the presence of pitting or high surface roughness the erosion rates can rapidly increase due to turbulence alone or with the addition of particles acting as an abrasive (NACE, 2019b). Chemical corrosion inhibitors are offered as a superb control measure in a closed system, providing they are maintained accordingly (Neville & Wang, 2009). 
Cavitation erosion corrosion is the cause of significant damage due to aggressive material removal; typically observed acting on ship propellers. Cavitation occurs in a fluid when the working pressure falls below the vapour pressure; causing pockets of gas to form and subsequently collapse. When this takes place near a surface, the wear can be extraordinary (NACE, 2019c). Islam and Farhat (2017) highlight the complexity of this mode and state that the synergy between erosion and corrosion is not fully understood; which lends reasoning to the general unpredictability of corrosion rates (Meng, 2009). Metal spray coatings are the preferred method for protecting ship propellers from cavitation erosion corrosion, shown in Figure 11. The coating of the observed propeller is effective[footnoteRef:1]; displaying only moderate tarnishing as a result of the corrosion mode.  [1:  The operation of several propellers has been observed. It is noted that once the metal coating wears through, destructive corrosion will follow.] 
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[bookmark: _Ref9260819][bookmark: _Toc9875506]Figure 11 – Propeller Corrosion (QinetiQ, 2019).
[bookmark: _Toc9875472]2.3.7 Marine Growth
Barge hulls and seawater systems are susceptible to fouling by marine organisms such as algae or barnacles. It is prudent to mitigate against fouling so that unplanned cleaning is not required and efficiencies are not compromised (Sandvik, 2019e). Impressed current systems are widely accepted in the marine industry as the solution to bio-fouling issues; direct current is supplied to aluminium alloy anodes and copper anodes. This results is a film of aluminium hydroxide for protecting the mechanical components and a solution of copper ions which constitute a hostile environment for the micro-organisms (Marelco, 2015). Barletta et al. (2018) discuss the recent developments in anti-fouling paint technology; their work proves that the new foul-release type coating is superior to traditional copper-oxide anti-fouling paint. A build-up of marine growth is seen below the water-line in Figure 12; this is an ideal set-up for the initiation of crevice corrosion and the further adherence of barnacles[footnoteRef:2]. The barges are highly susceptible to localised attack as they are constructed from mild steel which offers very little in terms of specific corrosion resisting properties.  [2:  During barge deployments, a range of marine organisms have been observed - causing nuisance and material loss. ] 


[image: C:\Users\jamowbray\Desktop\Barge Corrosion Photos\Bio.jpg]
[bookmark: _Ref9282561][bookmark: _Toc9875507]Figure 12 - Marine Growth (QinetiQ, 2019).


[bookmark: _Toc9875473]3. Practical Task
[bookmark: _Toc9875474]3.1 Coating
The demands placed upon the in-service coating system are explored to highlight the requirements for ensuring coating longevity.
[bookmark: _Toc9875475]3.1.1 Specification
The previously identified corrosion mechanisms pose a real threat to the lasting integrity of the maritime barge fleet. To address this, the selected coating system must:
· Provide suitable and sufficient resistance against corrosion.
· Be economically aligned with the value of a disposable target barge.
· Support practical and straightforward application.
· Enable health, safety and environmental factors to be rated as low as reasonably practicably. 
[bookmark: _Toc9875476]3.2.1 Coating System
Jotacote Universal N10, is a two component polyamine cured pure epoxy coating. It is a high-solids, high-build, abrasion resistant product specially designed for marine use. This product has very high flexibility, making it especially suitable for the temperature variations experienced at sea. It can be used as a single coat system in atmospheric and immersed service environments (Jotun, 2019). Epoxy is a widely recognised industrial paint base which offers direct to substrate application, excellent physical properties and low volatile organic compound release when compared to urethanes. Polyamine is a specially selected epoxy activator which introduces an improved resistance to microbiologically induced corrosion, over standard activators. Other benefits include improved film hardness, abrasion resistance and chemical resistance (Düraamen, 2019). Catalytic homopolymerisation is the process which cross-links the epoxy molecules; this is generally referred to as activation and subsequent hardening (Dušek, 1984). The coating materials are supplied in steel drums so that continuity with the ground is maintained; to allow the discharge of any electrical build up during the pumping application process (Hodge Clemco, 2017), shown in Figure 13. 
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[bookmark: _Ref9464103][bookmark: _Toc9875508]Figure 13 - Paint Coating Stock (QinetiQ, 2019).
[bookmark: _Toc9875477]3.2 Coating Application
[bookmark: _Toc9875478]3.2.1 Surface Preparation
With reference to the coating’s technical data, shown in Appendix 2 the recommended level of surface preparation for steel should satisfy Sa 2½, as defined in ISO 8501-1 and BS EN ISO 8501-1: 2007. Graco (2019) provide practical guidance on achieving those standards, summarised in Figure 14. The abrasive blasting method is applied to the barges. J-Blast Standard, expendable grit is the abrasive media of choice due the course surface profile of 100-150 micron, Figure 15; other characteristics of the media are highlighted below:
· High resistance to shatter compared with some other expendable abrasives.
· Between 6 and 7 Mohs hardness, breaking rust, millscale and tough coatings.
· Faceted angular grains provide a large number of cutting edges.
· High specific gravity allowing energy transfer to the work surface.
· Manufactured from furnace process by-products, iron silicate and copper slag.
· Meet requirements for free silica % set by Control of Substances Hazardous to Health Regulations.
· Does not absorb water, hence ideal for operation in damp environments (Hodge Clemco, 2019).
It is common practice to collect, sift and reuse the expendable shot for economical and waste impact reasons. In this case, it is noted that the surface profile will become finer due to the grit-wear factor; fresh media is to be added with the recycled for optimal results. To ensure the surface profile has been achieved, the roughness is estimated and compared to the different areas on a surface comparator by visual examination, shown in Figure 16. Surface grinding and abrasive paper grinding will be required on occasion to remove unwanted substrate features, a separate comparator is available and shown in Figure 17. Finally, a contamination gauge measures the concentration of soluble salts on the blasted surfaces in order to determine if further cleaning is required, mitigating substrate-coating reactions.
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[bookmark: _Ref9467412][bookmark: _Toc9875509]Figure 14 - Surface Preparation Guide (Graco, 2019).
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[bookmark: _Ref9869429][bookmark: _Toc9875510]Figure 15 - Blast Surface (QinetiQ, 2019).
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[bookmark: _Ref9472822][bookmark: _Toc9875511]Figure 16 - Surface Comparator (Hodge Clemco, 2019).
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[bookmark: _Ref9473087][bookmark: _Toc9875512]Figure 17 - Grinding Comparator (QinetiQ, 2019).
[bookmark: _Toc9875479]3.2.2 Airless Paint Spraying
An airless paint spraying system is the ultimate in marine paint application. The neat spraying of highly viscous paint is only possible with airless technology; which is far superior when compared to conventional methods. Conventional air atomisation processes require paint thinning which dramatically limits film thickness. Airless systems utilise tremendous amounts pressure to achieve atomisation of neat marine paints; the Graco X60 airless pump has the potential to deliver a fluid pressure of 420 bar at the gun[footnoteRef:3]. Paint is drawn into the pump through a double acting cylinder which pressurises and pushes the paint through a flexible hose connecting to the spray gun. The paint exits the system through a tiny orifice in the spray gun tip in the form of a continuous stream due to the surface tension being overcome; once the stream becomes in contact with the air, it breaks into a spray of extremely small droplets. Figure 18 illustrates this process. The orifice size in conjunction with a regulated pressure controls the rate of flow and spray pattern shape. There are an extensive range of tips available to control the shape and size of the fan pattern (Vanda Coatings, 2019) (Graco, 2018). The spraying technique is carried out in accordance with the manufactures guidance and the specific details of the applied coating. Generally, sweeping passes of the barge faces with a 50% pass overlap will suffice for one coat. [3:  Graco X60 pump works on the basis of multiplying any input pressure by 60: 420 bar fluid output is possible when the air inlet pressure driving the pump is set at 7 bar.] 
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[bookmark: _Ref9540553][bookmark: _Toc9875513]Figure 18 - Spray Pattern Formation (Aristopaint, 2019).




The Graco Xtreme X60 is shown in operation in Figure 19.
[image: ]
[bookmark: _Ref9545055][bookmark: _Toc9875514]Figure 19 - Graco X60 (AASpray, 2019)





[bookmark: _Toc9875480]3.2.3 Wet Film Thickness
Wet film thickness measurement provides instant feedback on the quality of the film applied and allows corrections to be made while the application is in progress. With reference to Appendix 2, the acceptable wet film thickness limits are specified: 105 μm to 415 μm in a single coat. The higher end of the range is aimed for to offer maximum protection; however, it is vital not to exceed the thickness limit as this may introduce solvent inclusions. When an excessive paint thickness is applied, the surface will flash off and limit the underlying solvent from escaping causing solvent entrapment; coating failure will subsequently occur through blistering. The Department of the United States Navy published a set of guidance notes (1982) for identifying coating failure causes and remedial actions, the guidance has maintained accuracy and is included as Appendix 3 for practical reference purposes. 
After applying a single coat of paint, an Elcometer 154 plastic comb is pressed onto the substrate through the coating. With reference to Figure 20, it is observed that; 200 μm, 250 μm, 300 μm are wet and 400 μm is dry when lifted away. Therefore, the true thickness lies at a point between 300 μm and 400 μm, which is on target (Elcometer, 2019a).
[image: ]
[bookmark: _Ref9544322][bookmark: _Toc9875515]Figure 20 - Wet Film Thickness Measurement (QinetiQ, 2019). 
[bookmark: _Toc9875481] 3.3 Coating Inspection
[bookmark: _Toc9875482]3.3.1 Dry Film Thickness
Coatings are designed to perform their intended function when applied within a dry film thickness range as specified by the system manufacturer. Optimum product performance is dependent upon the thickness of the dry layer. Measurements of the dry film thickness are taken and assessed to ensure compliance with the manufacturer’s guidance, Appendix 2; the stated range is 75 μm to 300 μm. The expected service life can also be estimated with some degree of confidence when readings are compared with previous thickness and service hours.
A sample of substrate material of dimensions 150mm by 100mm is prepared in the same manner as the barge, or whatever structure is to be coated. Before painting, three defined points of substrate thickness are measured with a digital calliper and marked, shown in Figure 21. During the airless spraying process, the sample will be positioned alongside the main structure so that it is also coated in the same manner. After the coating has completely cured the three points are again measured to establish the increase in thickness, shown in Figure 22. An ultrasonic coating thickness measuring device is used on an array of points across the faces of the barge to ensure compliance, shown in Figure 23. From experience, the achieved dry film thickness will average at around the desired 300 μm for most jobs; this value can be consistently obtained through constant checks of the wet film thickness by the operator. It is noted that optimum surface finish is linked to the evenness and overall coating thickness.  A schematic of paint inspection locations for the barge faces is shown in Figure 24.
[image: C:\Users\jakem\Desktop\Airless Photos\unnamed(7) - Copy.jpg]
[bookmark: _Ref9617835][bookmark: _Toc9875516]Figure 21 - Substrate Sample (QinetiQ, 2019).
[image: ]Pre-paint thickness - 2.48mm
Post-paint thickness - 2.78mm
Difference - 0.30mm
DFT equals 300 μm 
(10 μm accuracy)

[bookmark: _Ref9618458][bookmark: _Toc9875517]Figure 22 - Digital Calliper Measurement (QinetiQ, 2019).
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[bookmark: _Ref9680286][bookmark: _Toc9875518]Figure 23 - Ultrasonic Measurement (QinetiQ, 2019).
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[bookmark: _Ref9682521][bookmark: _Toc9875519]Figure 24 - Paint Inspection Locations (QinetiQ, 2019).


[bookmark: _Toc9875483]3.3.2 Hardness
The main advantage of using a sample plate of identical applied coating is the option of baking; in order to fully cure the coating far sooner than the main structure. The ambient condition full cure time is stated as 3 days, however this amount is reduced to 12 hours when baked at 40°C, Appendix 2. The Vickers hardness test may be used on the sample to ensure the coating has achieved the required hardness and elasticity, shown in Figure 25. Excessive hardness can be accompanied by brittleness or a decrease in the flexibility of the coating; the balance of hardness with other final film properties is determined by the end use of the product (Sherbondy, 2017). The in-service barge requirements demand a coating which resists heavy abrasion but allows maximum flexibility; the specific Vickers hardness number which represents this has been painstakingly calculated through a series of trial and error type experiments, over several years. Vickers 10.6 to 6.05 has been determined as an acceptable hardness range for the purpose stated. The test is set-up with the parameters shown in Figure 26 and conduced five times, the results are averaged. The sample delivered an average Vickers hardness of 6.91, shown in Table 1. The pencil scratch test has also been considered; mainly for comparison of the barge against the sample plate in order to gauge the ambient cure development (Bartolomeo, et al., 2001) (Iost, et al., 2003). A considerable benefit of the Jotacote epoxy is the stability at varying temperatures. The system is designed to retain consistent flexibility; therefore, only a minimal change in hardness should be experienced due to temperature change.
[image: ]
[bookmark: _Ref9717161][bookmark: _Toc9875520]Figure 25 - Vickers Hardness Test
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[bookmark: _Ref9717660][bookmark: _Toc9875521]Figure 26 - Hardness Test Image


[bookmark: _Ref9718180]Table 1 - Hardness Test Results
	Finishing Department - Sample Plate Hardness Results

	Job No - 210691    Plate Ref - JCUN10150100         J Mowbray

	Test Number
	Ocular Units
	Hardness

	1
	656
	6.89

	2
	681
	6.40

	3
	627
	7.55

	4
	655
	6.92

	5
	661
	6.79

	
	Averaged Hardness Value
	6.91




[bookmark: _Toc9875484]3.3.3 Adhesion
A portable Elcometer pull-off tester is used to assess the coating’s adhesion to the substrate, shown in Figure 27. One test is carried out on the sample plate and another at a random location on each of the barge faces. 
A test dolly is bonded to the coating using an adhesive to which the tester pulls off, the force is recorded by means of a dragging indicator. The indicator retains the value at which the dolly and the coating separate from the surface. This measured pull-off force provides a direct indication of the strength of adhesion between the coating and the substrate. The damaged coating on the barge is touched-up properly before a completion certificate is issued. If the substrate has been surface prepared to Sa 2½; from experience, it is generally accepted that no lack adhesion issues will be present (Elcometer, 2019b).
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[bookmark: _Ref9720074][bookmark: _Toc9875522]Figure 27 - Elcometer 106 Pull-off Tester (DeFelsko, 2019).


[bookmark: _Toc9875485]3.4 Overview
[bookmark: _Toc9875486]3.4.1 Record Keeping
To uphold the ISO 9001 Quality Management System, it is necessary to suitably record and store the findings of any inspection work. The paint inspection document shown in Figure 28 is completed and signed to verify the coating status before hand-over to deployment or storage. The report alongside each accompanying sample plate is stored in the corresponding barge maintenance folder. 
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[bookmark: _Ref9723625][bookmark: _Toc9875523]Figure 28 - Painting Inspection Report (QinetiQ, 2019).
[bookmark: _Toc9875487] 3.4.2 Defects and Concerns
The most significant drawback of the coating system in this application is that there is no means of holding back the corrosion should damage occur. The system in question provides corrosion resistance through a complete and solid barrier between the mild steel and the environment. When the paint coating is impacted or scuffed through to the substrate; the area in which damage has occurred becomes susceptible to corrosion, shown in Figure 29. It is acknowledged that the coating system will only retain functionality for a service period of 12 months; however, the life expectancy of the barge is generally 1 month. On the other hand, a number of stock barges have returned and been re-deployed several times; to a point where the coating has degraded to a very poor state. It is suggested that the use of zinc primer, in addition to the epoxy coat could reduce this long term failure (Rawlins, 2019). When damage occurs, the underlying zinc would begin to sacrifice in place of the steel; offering a double predicted service life, a costing evaluation is shown in Table 2. 
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[bookmark: _Ref9729533][bookmark: _Toc9875524][bookmark: _Ref9733250]Figure 29 - Paint Coating Damage (QinetiQ, 2019).



[bookmark: _Ref9875429]Table 2 - Product Costs
	Scenario
	Workings
	Cost

	Manufacture Cost of Single Barge - Fabrication, Steel & Consumables.
2 men @ £50/hr for 7 days (8 hr day) £1900 Steel Material.
	7500

	£7,500

	Addition of Epoxy Paint Coating.
1 man @ £58/hr for 0.5 days (8 hr day) £300 Paint Material.
	532
	£8,032

	Addition of Zinc Primer Coating.
1 man @ £58/hr for 0.5 days (8 hr day) £550 Paint Material.
	782
	£8,814

	Example of 10 barge deployment.
Complete manufacture cost of 10 barges.
	x10
	£88,140

	Percentage of barges to benefit from Zinc Primer.
(Service life greater than 1 year).
	782 x 10 x 0.85
	15%

	Wasted zinc applied to barges U/S within 1 year (85%).
	
	£6,647

	Fully utilised zinc, barges which benefit from 2 year service.
	
	£1,173

	Cost to increase service life per barge.
	5474
	£548




[bookmark: _Toc9875488]3.4.2 Supplementary Pictures
The work described so-far has been primarily concerned with the coating of newly fabricated, target barges. Alternatively, the same approach is adopted during the planned maintenance of large, permanently moored barges. The following figures provide an overview of the recoating process.
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[bookmark: _Toc9875525]Figure 30 - Un-Serviceable Barge (QinetiQ, 2019).
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[bookmark: _Toc9875526]Figure 31 - Marine Growth Build-up (QinetiQ, 2019).
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[bookmark: _Toc9875527]Figure 32 - Dry Docked and Blasted (QinetiQ, 2019).
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[bookmark: _Toc9875528]Figure 33 - Corrosion Damage (QinetiQ, 2019).
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[bookmark: _Toc9875529]Figure 34 - Pitting (QinetiQ, 2019).
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[bookmark: _Toc9875530]Figure 35 - Weld Failure due to Corrosion (QinetiQ, 2019).
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[bookmark: _Toc9875531]Figure 36 - Repaired and Recoated Barge (QinetiQ, 2019).
[bookmark: _Toc9875489]4. Conclusion
This report has successfully identified and presented the current knowledge of the relevant corrosion mechanisms. To build an understanding of the corrosion mitigation available; a particular coating scenario has been explored in terms of selection, application and inspection. To further expand on the addition of zinc primer, the £548 cost of implementation per barge is not considered justifiable due to the associated profit margin already being negligible.
The following conclusions are drawn from the report:
· An understanding of the corrosion mechanisms applicable to the situation is essential to employ effective mitigation.
· The reasoning behind any mitigation must be appreciated; in this example, the purpose is to ensure marine operational safety.
· The coating must be appropriately suited to the current equipment and infrastructure to enable safe and effective application.
· Surface preparation, spray procedure, film thickness, film hardness and adhesion are all considered critical elements of the coating system; systematic monitoring is essential for the consistent delivery of a successful end product. 
Short term recommendations include:
· Maintaining accurate application and record keeping.
· Research and provide personal protective safety guidance tailored to the specific process.
Long term recommendations include:
· Provide further research into zinc primer products in order to propose a cost effective means of extending the in-service life. 
· Research the practicality and suitability of bolt-on sacrificial corrosion anodes.
· Anticipate future changes in health and safety legislation which may limit the use of volatile organic compounds and address by preparing alternative products and processes.
It is worth noting, that the opportunity to step out of the process to consider the actual issues from an analysis point of view has proven to be incredibly valuable.
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Formation of rust in sea water.
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Technical Data Sheet

Jotacote Universal N10
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Product description

This is a two component polyamine cured pure epoxy coating. It is a high solids, high build, abrasion resistant
product. Available with curing agents for standard, and for quick drying (QD) properties. Specially designed as a
universal, all round, all year, new building coating where fast dry to handle is required. Can be used as primer,
mid coat, finish coat or as single coat system in atmospheric and immersed environments. Suitable for properly
prepared aluminium, carbon steel, galvanised steel, shop primed steel and stainless steel substrate. It can be
applied at sub zero surface temperatures.

Typical use

Marine:

Exterior and interior areas, including outside hulls, superstructures, decks, cargo holds and water ballast tanks.
This product has very high flexibility making it specially suitable for the temperature variation experienced in
crude oil, chemical and shuttle tankers. Approved for PSPC cross over testing with a wide range of shop primers.

Approvals and certificates

Approved for PSPC for Water Ballast Tanks according to IMO Res. MSC 215(82)
Approved for PSPC for Crude Oil Tanks according to IMO Res. MSC 288(87)

When used as part of an approved scheme, this material has the following certification:

- Low Flame Spread in accordance with EU Directive for Marine Equipment. Approved in accordance with parts 5
and 2 of Annex 1 of IMO 2010 FTP Code, or Parts 5 and 2 of Annex 1 of IMO FTPC when in compliance with
IMO 2010 FTP Code Ch. 8

Consult your Jotun representative for details.

Note: Approvals and certificates are valid for STD grade only.

Additional certificates and approvals may be available on request.

Colours

aluminium, aluminium red toned, black, buff, grey, red

Product data

Property Test/Standard Description

Standard grade

Solids by volume 1SO 3233 7242 %
Gloss level (GU 60 °) 1SO 2813 matt (0-35)
Flash point 1SO 3679 Method 1 3079C
Density calculated 1.4 kg/l
VOC-US/Hong Kong US EPA method 24 (tested) 240 g/l
(CARB(SCM)2007, SCAQMD rule 1113, Hong Kong)
VOC-EU IED (2010/75/EU) (theoretical) 261 g/
VOC-China GB/T 23985-2009 (tested) 2399/l
VOC-Korea Korea Clean Air Conservation Act (tested) 275 g/l
QD grade
Solids by volume 1S0O 3233 72+ 2%
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Flash point
Density
VOC-US/Hong Kong

VOC-EU
VOC-China
VOC-Korea

1SO 3679 Method 1
calculated
US EPA method 24 (tested)

Jotun Protects Property

31°C
1.4 kg/l
239 g/I

(CARB(SCM)2007, SCAQMD rule 1113, Hong Kong)

IED (2010/75/EU) (theoretical)
GB/T 23985-2009 (tested)
Korea Clean Air Conservation Act (tested)

263 g/l
210 g/l
250 g/I

The provided data is typical for factory produced products, subject to slight variation depending on colour.

All data is valid for mixed pail

nt.

Gloss description: According to Jotun Performance Coatings' definition.

Film thickness

per coat

Typical recommended specification range

Standard grade

Dry film thickness
Wet film thickness
Theoretical spreading rate

QD grade

Dry film thickness
Wet film thickness
Theoretical spreading rate

75 - 300 pm
105 - 415 pm
9.6 - 2.4 m2/
75 - 300 pm
105 - 415 pm
9.6 - 2.4 m?/l

Surface preparation

To secure lasting adhesion to the subsequent product all surfaces shall be clean, dry and free from any

contamination.

Surface preparation summary table

Substrate

l - Surface preparatmn

| Mmlmum

Recommended

Carbon steel

st2 (ISO 8501-1)

Sa 22 (ISO 8501-1)

’Stalnless steel

| Aluminium

Galvamsed steel

The surface shall be hand or machine
abraded with non-metallic abrasives
| or bonded fibre machine or hand
abrasive pads to impart a scratch
pattern to the surface and to remove
all polish from the surface.

Abrasive blast cleaning to achieve a
surface profile using non-metallic
abrasive media which is suitable to
achieve a sharp and angular surface
profile.

The surface shall be hand or machine
abraded with non-metallic abrasives
or bonded fibre machine or hand

| abrasive pads to impart a scratch
pattern to the surface and to remove
all polish from the surface.

The surface shall be clean, dry and
appear with a rough and dull profile.

Abraswe blast cleaning to achieve a
surface profile using non-metallic
abrasive media which is suitable to
| achieve a sharp and angular surface
profile.

nght brush blastmg using non-

metallic abrasive leaving a clean,
| rough and even pattern.
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Shop primed steel | Dry, clean and intact shop primer. | Abrasive swept or alternatively

| blasted to Sa 2 (ISO 8501-1) of at |
| _ |least 70 % of the surface.

| Coated surfaces Clean, dry and undamaged compatible |Sa 2% (ISO 8501-1)
| | coating (ISO 12944-4 6.1.4) |
1 — — — | S—

Optimum performance, including adhesion, corrosion protection, heat resistance and chemical resistance is
achieved with recommended surface preparation.

Application

Application methods
The product can be applied by

Spray: Use airless spray.

Brush: Recommended for stripe coating and small areas. Care must be taken to achieve the
specified dry film thickness.

Roller: May be used for small areas. Not recommended for first primer coat. Care must be taken

to achieve the specified dry film thickness.

Product mixing ratio (by volume)

Jotacote Universal N10 Comp A 3 part(s)
Jotacote Universal N10 Comp B 1 part(s)
Jotacote Universal N10 Comp A 3 part(s)
Jotacote Universal N10 QD Comp B 1 part(s)

Thinner/Cleaning solvent
Thinner: Jotun Thinner No. 17

Guiding data for airless spray
Nozzle tip (inch/1000): 17-27

Pressure at nozzle (minimum): 150 bar/2100 psi

Drying and Curing time

Substrate temperature -10°C -5°C 0°C 5°C 10°C 23°C 40°C

Standard grade

Surface (touch) dry 26 h 14 h 10 h 6h Sh 2h 1h
Walk-on-dry 72 h 34 h 24 h 14 h 10 h S:h 2h
Dry to over coat, minimum 36 h 22 h 15h 9h 7h 4 h 2h
Dried/cured for immersion 14d 7d 4d 3d 2d 1d 12h
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Dried/cured for service 21d 14d 10d 7d 3d

QD grade

Surface (touch) dry 17 h 10h 7h 4h 3h 1h

Walk-on-dry 40 h 25h 14 h 10h 7.5h 3ih:

Dry to over coat, minimum 26 h 17 h 10h 7h 5 2h

Dried/cured for immersion 12d 6d 4d 3d 2d 1d

Dried/cured for service 21d 14d 10d 7d

For maximum overcoating intervals, refer to the Application Guide (AG) for this product.

Drying and curing times are determined under controlled temperatures and relative humidity below 85 %, and
at average of the DFT range for the product.

Surface (touch) dry: The state of drying when slight pressure with a finger does not leave an imprint or reveal
tackiness.

Walk-on-dry: Minimum time before the coating can tolerate normal foot traffic without permanent marks,
imprints or other physical damage.

Dry to over coat, minimum: The recommended shortest time before the next coat can be applied.
Dried/cured for immersion: Minimum time before the coating can be permanently immersed in sea water.

Dried/cured for service: Minimum time before the coating can be permanently exposed to the intended
environment/medium.

Induction time and Pot life

Paint temperature 23 °C

Standard grade

Induction time 10 min
Pot life 1.5h
QD grade

Induction time 10 min
Pot life 1h

Heat resistance

Temperature
Continuous Peak
Dry, atmospheric 120 °C 140 °C
Immersed, sea water 0 °C 70, B¢
Immersed, crude oil 80 °C 90 *E

Peak temperature duration max. 1 hour.

The temperatures listed relate to retention of protective properties. Aesthetic properties may suffer at these
temperatures.

Note that the coating will be resistant to various immersion temperatures depending on the specific chemical
and whether immersion is constant or intermittent. Heat resistance is influenced by the total coating system. If
used as part of a system, ensure all coatings in the system have similar heat resistance.
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Product compatibility

Depending on the actual exposure of the coating system, various primers and topcoats can be used in
combination with this product. Some examples are shown below. Contact Jotun for specific system
recommendation.

Previous coat: inorganic zinc silicate shop primer, epoxy, zinc epoxy, zinc silicate
Subsequent coat: acrylic, alkyd, epoxy, polyurethane, polysiloxane, vinyl epoxy, epoxy mastic, vinyl epoxy

Packaging (typical)

Volume Size of containers
(litres) (litres)
Jotacote Universal N10 Comp A 15 20
Jotacote Universal N10 Comp B 5 S
Jotacote Universal N10 QD Comp B 5 5

The volume stated is for factory made colours. Note that local variants in pack size and filled volumes can vary
due to local regulations.

Storage

The product must be stored in accordance with national regulations. Keep the containers in a dry, cool, well
ventilated space and away from sources of heat and ignition. Containers must be kept tightly closed. Handle
with care.

Shelf life at 23 °C

Jotacote Universal N10 Comp A 48 month(s)
Jotacote Universal N10 Comp B 48 month(s)
Jotacote Universal N10 QD Comp B 48 month(s)

In some markets commercial shelf life can be dictated shorter by local legislation. The above is minimum shelf
life, thereafter the paint quality is subject to re-inspection.

Caution

This product is for professional use only. The applicators and operators shall be trained, experienced and have
the capability and equipment to mix/stir and apply the coatings correctly and according to Jotun's technical
documentation. Applicators and operators shall use appropriate personal protection equipment when using this
product. This guideline is given based on the current knowledge of the product. Any suggested deviation to suit
the site conditions shall be forwarded to the responsible Jotun representative for approval before commencing
the work.

Health and safety
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Please observe the precautionary notices displayed on the container. Use under well ventilated conditions. Do
not inhale spray mist. Avoid skin contact. Spillage on the skin should immediately be removed with suitable
cleanser, soap and water. Eyes should be well flushed with water and medical attention sought immediately.

Colour variation

When applicable, products primarily meant for use as primers or antifoulings may have slight colour variations
from batch to batch. Such products may fade and chalk when exposed to sunlight and weathering.

Disclaimer

The information in this document is given to the best of Jotun's knowledge, based on laboratory testing and
practical experience. Jotun's products are considered as semi-finished goods and as such, products are often
used under conditions beyond Jotun's control. Jotun cannot guarantee anything but the quality of the product
itself. Minor product variations may be implemented in order to comply with local requirements. Jotun reserves
the right to change the given data without further notice.

Users should always consult Jotun for specific guidance on the general suitability of this product for their needs
and specific application practices.

If there is any inconsistency between different language issues of this document, the English (United Kingdom)
version will prevail.
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Paint Failures-Causes & Remedies

Recognizing the type of paint failure
encountered in the field along with under-
standing its cause and how to remedy it can
lead to early correction and/or major re-
ductions in maintenance costs while main-
taining the overall appearance of our Naval
Shore Establishment at a highly acceptable
level.

All paints eventually fail by weathering,
especially exterior weathering. However, pre-
mature failure is a costly problem that occurs
all too frequently. This document addresses
this problem by describing the condition and

DESCRIPTION

SAGS. Also called runs or
curtains. Excess flow of
paint.

ORANGE PEEL. Hills, valleys
in paint resembling skin of
orange.

OVERSPRAY. Also called dry
spray. Dry, flat, pebbly surface.

COBWEBBING. Thin, stringy
paint, spider web-like particles.

its probable cause, and then giving a method
of remedy.

: When paint failures related to applica-
tion can be immediately recognized, modifi-
cation of application conditions can result
in an immediate remedy. When failure is
recognized after the paint has cured (with
or without weathering), the paint will have
to be removed to the substrate if the damage
exposes the substrate; if the failure is re-
stricted to the paint surface (i.e., involves
color, gloss, or texture), it can usually be
corrected by applying another coat. Specific

types of failure are listed below.

CAUSE

Spray gun too close to work;
too much thinner; too much
paint; or surface too hard or
glossy to hold paint.

Paint too viscous; gun too
close to surface; solvent evapo-
rated too fast; or air pressure

too low for proper atomization.

Particles reaching surface not
wet enough to level because of
too rapid solvent evaporation;
gun too far from surface; or
paint particles falling outside
spray pattern,

Solvent evaporating too
rapidly. Most common with
fast evaporating lacquers, such
s vinyls and chlorinated
rubbers.

Approved for public release; distribution unlimited.

REMEDY

Before cure, brush out excess
paint and modify spray condi-
tions. After cure, sand and apply
another coat.

Before cure, brush out excess
paint and modify spray condi-
tions. After cure, sand and
apply another coat,

Before cure, remove by dry
brushing followed by solvent
wiping, After cure, sand and
apply another coat.

Use slower evaporating solvent
or apply when cooler. After
cured, sand and apply another
coat.
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CRATERING. Also called
pitting. Small, uniform inden-
tations in film,

FISH EYES., Separation or
pulling apart of wet film to
expose underlying finish or
substrate.

BLUSHING. Flat finish with
milky appearance.

UNEVEN GLOSS. Nonuniform
sheen, shiny spots.

FADING, Color changes or
irregularities.

WRINKLING. Rough, crinkled
surface,

BLISTERING. Small to large
broken or unbroken bubbles.

PINHOLING. Tiny, deep holes
exposing substrate.

CAUSE

Air pockets trapped in wet film
during spraying.

Application over oil, dirt,
silicone, or incompatible
coating.

Moisture condensation in high
humidity with fast evaporating
or unbalanced thinner in

spray application.

Nonuniform film thickness;
moisture in film; temperature
change during curing; or paint
applied over soft or wet under-
coat,

Ultraviolet light degradation;
or moisture behind paint film,

Surface skinning over uncured
paint because of too much
thickness and/or too warm
weather, especially with oll-
base paints,

Solvent entrapment; oil, moisture
or salt-contaminated surfaces; or
cathodic disbonding.

Insufficient paint spray atomi-
zation; coarse atomization; or
settled pigment.

REMEDY

Sand or blast to smooth finish
and apply additional coats.

Sand or blast remove; brush
apply a fresh coat plus topcoat.

Sand or blast remove; respray
with retarder added to
thinner,

Allow to dry and apply another
finish coat under acceptable
conditions for moisture and
humidity.

Repaint and avoid possible
sources of moisture.

Scrape off wrinkles and apply
thinner coat; avoid intense
sunlight.

Blowers in enclosed areas to
accelerate solvent release;
adequate cleaning of surface
contamination; proper levels
of cathodic protection.

If uncured, brush out and apply
additional coat. If cured, apply
additional coat.
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PINPOINT RUSTING. Rusting
at pinholes or holidays.

CHECKING. Narrow breaks,
usually short, in topcoat that
expose undercoat.

CRACKING. Deep cracks in
paint that expose substrate,

UNDERCUTTING, Blistering
and/or peeling of paint where
exposed steel is rusting,

DIRT UNDER PAINT, Peeling;
dirt dried in paint film.

DELAMINATION. Peeling
from undercoat or substrate.

PIGMENT OVERLOAD. Also
called pigment float. Mottled
surface.

IRREGULAR SURFACE
DETERIORATION, Deteriora-
tion at edges, corners, crevices,
channels, etc.

CAUSE

Pinholing or too high a steel
surface profile for coating
thickness.

Limited paint flexibility; too
thick a coat; or applied at too

_high a temperature.

Paint shrinkage; limited flexi-
bility; excessive thickness
(especially zinc-rich paints);
or applied/cured at too high
a temperature.

Corrosion products formed
where steel Is exposed, under-
mining and lifting paint.

Contaminated surface, spray,
or work area,

Separation/lifting of paint
from chalky substrate or
smooth, poor-bonded under-
coat.

Critical pigment level exceeded
(sometimes by tinting white
paint rather than tint base).

Difficult to coat surfaces; or
configurations that permit
collection of moisture, salt,
and dirt.

REMEDY

Use holiday detector for early
detection of pinholes; apply
additional coats after mechanical
or blast cleaning.

Sand or mechanically remove
checked coat and apply
another coat.

Sand, blast, or mechanically
remove total paint and apply
new coat.

Early detection of defects with
holiday detector and correction;
use inhibitive pigments in
primer.

Sand, blast, or mechanically
remove paint and recoat,

Sand or mechanically remove
all loose paint, clean and
roughen smooth surface, and
recoat.

Apply properly prepared
finish coat.

Round edges; fillet weld seams
and crevices; avoid configura-
tions that permit collection of
contaminants; provide drainage.




image48.jpeg
DESCRIPTION

PEELING FROM GALVANIZ-
ING. Peeling of poorly bonded
paint.

ABRASION DAMAGE,
Mechanical damage.

FOULING DAMAGE, Penetra-
tion or peeling by action of
marine fouling organisms.

MUD CRACKING. Deep,
irregular cracks as with dried
mud,

PEELING OF MULTIPLE
COATS., Peeling of heavy
paint build-up from substrate.

PEELING OF THICK,
INFLEXIBLE PAINT.
Peeling of thick paint from
substrate.

PAINT APPLIED TO DAMP
SURFACE. Heavy wrinkling.

MOISTURE DAMAGE. Peeling
of paint by underlying moisture.

CAUSE

Poor adhesion of paint to zinc-
coated steel (also aluminum).

Physical damage by abrasion
(also impact).

Barnacles, etc., penetrating
soft coatings (e.g., coal tar);
weight of fouling peeling
poorly bonded paint.

A relatively inflexible coating
applied too thickly (especially
common with inorganic zincs).

Stress from weathering
(contraction of total system)
exceeds adhesion to substrate.

Stress from cured, weathered
(contracted) paint exceeds
adhesion to substrate.

Moisture on substrate distorts
wet film.

No means by which interior
moisture can be vented to
exterior,

REMEDY

Remove loose paint and proceed
according to Table 16 of Appendix
D4 of NAVFAC MO-110.

Provide fendering protection;
spot repair and use more
abrasion or impact-resistant
coatings.

Remove and replace damaged
paint with one tougher or more
adherent; use antifouling paints
for fouling control.

Remove coating and abrasively
blast steel before reapplying at
lesser thickness; sanding/mechanical
cleaning may be acceptable on
older substrates.

If limited, spot-remove loose
paint and apply flexible paint
(e.g., latex); if extensive, scrape,
sandblast, mechanically or
chemically remove paint to
substrate before recoating.

Same as above.

Remove by scraping or sanding
and recoat under dry condi-
tions.

Use wedges between adjacent
lap boards, vents, etc, for
migration; clean painted vent
holes.
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EFFLORESCENCE DAMAGE.
Paint disbonding and peeling by
loose, powdery material.

VINE PENETRATION OF
PAINT, Vine tendrils
penetrate paint.

MILDEW GROWTH. Black
fungal growth.

CHALKING EROSION,
Gradual thinning of finish
coat to expose undercoat.

GRAFFITI. Painted words
or graphics,

BLEEDING. Brown staining
of paint on asphalt or coal
tar pavement or coating.

PAINT/RUBBER BUILD-UP
ON RUNWAY STRIPES.

PAVEMENT STRIPE EDGE
CRACKING. Cracking of
pavement, slurry seal, or paint
along edge of painted marking,

CAUSE

Moisture through concrete,
masonry, or brick picks up
soluble salts and deposits
them on the surface from
the interior (can be on
interior or exterior wall

of building).

Vines so close to structure
that tendrils penetrate paint
for support.

Microorganisms grow, especially
on damp, shaded paint, defacing
and degrading it.

Degradation of coating resin

by sunlight leaving loose
specially bad with
thin coats, epoxies, and sub-
strates where chalk is frequently
removed,

Vandals painting surfaces,
especially with spray cans,

Organic solvent in wet paint
or fresh asphalt dissolves
bituminous material and
causes it to migrate through
paint.

In touch-down areas, build-up
of rubber from aircraft tires
requires frequent repainting
of markings.

Contraction of paint during
curing and weathering and
differential expansion and
contraction between painted
and unpainted adjacent sections
of pavement.

REMEDY

Treat as in NCEL Tech Data
Sheet 77-10 or NAVFAC
MO-110, 4.4.3.5 for
concrete/masonry before
painting; seal more

humid side of walls.

Relocate vines away from
structure; sand and recoat
damaged areas.

Clean and repaint as described
in NAVFAC MO-110, 10.
and 10,2.2.7,

Remove loose chalk and apply
chalk-resistant finish coat.

Remove as described in NCEL
Tech Data Sheet 73-19 and
repaint. Protect painted sur-
faces in graffiti-prone areas.

Use latex paint over bituminous
materials; allow asphalt pave-
ments to cure 21 days before
applying paint.

Remove rubber build-up by
waterblasting and restripe.
For frequent restriping on
simulated carrier decks, use
thin coats of TT-P-1952,

Use flexible paints (see NCEL
Tech Data Sheet 79-05); limit
build-up of paint coats to 3.
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STRIPING PAINT CREEPING
UP GLASS BEADS. Striping
paint migrating up glass drop-on
bead by surface tension.

SKINNING/DETERIORATION
OF STORED PAINT,

NCEL Contact:

Dr. R. W. Drisko, Code L52
Autovon 360-4234
Comm (805) 982-4234

DEPARTMENT OF THE NAVY

NAVAL CIVIL ENGINEERING LABORATORY
PORT HUENEME, CALIFORNIA 93043

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300
VIND-NCEL. 511071 (REV. 5.81)

0930-LL-011-0011

CAUSE

Surface tension of latex paint
(TT-P-1952) altered by dilution
with water.

Improper storage of paint (e.g.,
in sun and rain), especially
fast drying paints.

POSTAGE AND FEES PAID
OEPARTMENT OF THE NAVY

REMEDY

Restripe with undiluted paint.

Store indoors in cool
environment; avoid opening
and resealing of large con-
tainers.

Do0-316
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