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1. INTRODUCTION:  Overcoating may be defined as the practice of painting over existing coatings as a means of extending service life.  Maintenance painting of this type does not require extensive surface preparation.  Overcoating can be significantly less expensive than other maintenance practices particularly when the existing coating contains lead or other hazardous materials.  

The removal of hazardous coatings is generally performed by abrasive blasting or by water jetting.  Containment and disposal of surface preparation debris, worker protection, and other regulatory compliance costs combine to make removal of hazardous paints very expensive.  According to a recent Federal Highway Administration (FHWA) report, bridge maintenance painting costs have nearly doubled over the past five years.  Typical bridge maintenance painting contracts involving complete coating removal and repainting averaged $5.05/ft2 for non-hazardous coatings and $10.60/ft2 for hazardous paint removal.  The added costs for worker health, environmental monitoring, waste disposal, and containment are significant.  The FHWA study concluded that for mild service environments overcoating is more cost-effective than other maintenance options on a life cycle cost basis.  They report an average equivalent annual cost of $1.04/ft2 for overcoating using a 3-coat alkyd system versus $1.99/ft2 for total removal and repainting with an inorganic zinc/epoxy/polyurethane system.  However, overcoating is performed with a significant degree of risk.  As used herein, risk refers to the chance that the overcoated system may either fail catastrophically or will not provide the desired period of protection.  

In many cases overcoating has been used inappropriately by the industry.  Because of the potentially large initial cost savings associated with overcoating, as opposed to containment and removal, the temptation to overcoat is great.  The large initial cost difference between these maintenance options has meant that owners are more tolerant of the risks involved in overcoating.  Owners should first properly assess the risks associated with overcoating.  If overcoating risks are deemed acceptable then the facility owner should take additional steps to mitigate the risk of overcoating.  

The primary risk associated with overcoating is that the coating system will delaminate.  If a delamination failure occurs then the overcoating investment is lost.  Delamination of a lead containing coating may also represent an environmental hazard.  In this case the possibility for litigation is very real.  The remedial cost of an unintentional introduction of lead into the environment may be significant.  Delamination is difficult to predict.  However, an understanding of the underlying principles should help the coatings engineer prevent or reduce the chance of suffering a delamination failure.

Delamination is primarily the result of internal stresses in the overcoat material that can not be supported by the underlying aged coating.  Internal stress occurs as the applied overcoat contracts, either from solvent evaporation or curing.  Several factors effect the degree of internal stress in the overcoat material including; type of coating, formulation, and film forming conditions.  As coatings age, film stress generally increases.  Aging may result in additional cross-linking and film shrinkage.  A good example of age related stress increase is the oxidative curing of alkyds.  Temperature fluctuations may also effect the level of internal stress with higher temperatures favoring lower stress and colder temperatures causing higher stress.  The higher stress associated with cold temperatures is the major cause of overcoat system failure by delamination. Plasticizer migration may lead to reduced elasticity or embrittlement of both aged coatings and overcoats.  Brittle coatings are more apt to crack during temperature cycles.  The application of the overcoat may also affect the internal stress of the aged coating.  Solvent migration may initially reduce the stress in the existing coating but subsequent solvent evaporation will result in an increase in the film stress.  Resin in the overcoat material may penetrate the aged paint forming a stress zone within the old coating.  The stress present in the overcoat is important because it is transmitted to the base coating.

The internal stress of the overcoat is counteracted by its adhesion to the aged coating.  A loss of adhesion of the aged coating may result in cracking of the overcoat because internal stress is no longer supported by the underlying coating.  This is true when the internal stress of the overcoat exceeds its tear strength.  When the tensile stress in the overcoat exceeds that in the aged coating and the overcoat cracks, then peeling and delamination are likely to occur.  Good overcoat/basecoat systems, like all multi-coat systems, should have higher tensile strength and rigidity in the basecoat than in the topcoat.  New coating systems are specifically designed this way.  Overcoat/basecoat systems should be designed this way as well.  However, in practice it is difficult to assure that the stress of the overcoat will not overwhelm the adhesion of the old existing coating.

The other primary risk associated with overcoating is that the overcoat system will not provide a long enough period of service to be considered cost-effective.  In this case the overcoat system may not experience a catastrophic failure, such as delamination, but may fail prematurely because of the severity of the service environment and/or the degree of protection afforded by the overcoat material.  Such failures are typified by early onset or excessive rust-through. 

Thicker aged coatings tend to be more highly stressed.  Large peeling forces can be generated during curing and aging of the overcoat.  When overcoated, thicker more highly stressed coatings are more likely to delaminate than thinner coatings with lower internal stress.  Delamination may also be caused by thermal cycling which may disrupt the integrity of thick aged coatings that have been overcoated.  Thicker more highly stressed coatings are also more likely to sustain blast media or other mechanically induced damage with a subsequent loss of adhesion that may affect the performance of the overcoat system.

The mechanical properties of coatings may change as they age.  Age related changes are due primarily to changes within the coating which increase the glass transition temperature.  As a coating's glass transition temperature increases, its internal stress increases, adhesion decreases, and brittleness increases.  The glass transition temperature increase is generally the result of thermal and photo radiation affects.  For acrylic latex coatings it has been shown that the increase is due entirely to photo radiation.  For oil paint the affect is mainly due to photo radiation, and for alkyd, it is due to both thermal and photo radiation, with thermal effects playing a greater role.  Long oil coatings generally take longer to embrittle than short oil coatings.

Epoxy and alkyd coatings may chalk and erode with prolonged exposure.  Generally this does not present a problem for overcoating as long as the loose chalk is removed prior to painting.  Even severely eroded coatings with exposed primer may be good candidates for overcoating, provided the remaining coating has good adhesion and total rusting is nominal.

The degree of adhesion of the aged coating to the substrates is one of the most critical factors affecting the overcoating process.  Poorly adherent coatings are more likely to delaminate when overcoated than are aged coatings with good adhesion.  Poor intercoat adhesion in aged multi-coat systems may also result in overcoat delamination failures.  Generally the aged coating system will fail at its weakest point.  Coating type, age, thickness, and surface preparation may all affect the adhesion of the aged coating system.

The condition of the substrate may also affect the performance of the overcoat system.  Generally the more corrosion that is present, the more surface preparation that will be needed.  Mechanical cleaning, especially abrasive blasting, may disrupt the adhesion of the aged coating adjacent to the removal areas.  Additionally, overcoating may not be cost-effective if extensive surface preparation is required.  The original surface preparation may also play a role in the performance of the overcoat to the extent that it affects coating adhesion on mill scale and other poorly cleaned surfaces.  This may cause localized problems on structures that were not cleaned uniformly prior to receiving the original coating.

The problems associated with surface contaminants are not necessarily specific to overcoating, however, contaminants are less likely to be removed during overcoating because much less surface preparation is typically done.  Less surface preparation is performed to lower costs and to reduce environmental and worker exposures to hazardous dusts.  Rigorous surface preparation is also more likely to cause mechanical damage to an old marginally adherent embrittled coating that may later manifest itself as a delamination failure.

As noted in above, thermal- and photo radiation-induced increases to the glass transition temperature, may lead to embrittlement and reduced adhesion of the aged coating.  Oil and oil modified alkyds on structural components exposed to thermal and photo radiation, will be more prone to these age related affects.  Similar coatings in protected areas not directly exposed to the sun may be more suitable for overcoating.  Thermal cycling is another weather-related affect.  Internal coating stresses may increase to unsupportable levels at low temperatures, explaining why many overcoat delamination failures occur during or after cold spells.  Structures in mild climates are less likely to be exposed to low temperatures that may precipitate delamination failures.  Conversely oil and alkyd coatings exposed in sunny climes may age faster than in other locales.

Severe exposure environments such as immersion, and chemical and marine atmospheres are usually not suitable for overcoating.  FHWA research has shown that for severe service environments, total removal and replacement of the aged coating with a high performance coating system is more cost-effective than overcoating. 

2. OBJECTIVE:  The objective of the demonstration is to show that the proper evaluation of the condition of the aged coating system and careful application of the overcoat can provide many years of extended service life of the coating system.

3. BACKGROUND: Deluge tank number 7151is located near the corners of Blacksheep Run and C Avenue adjacent to Hanger Complex 4, Ft. Campbell, KY.  The tank is approximately 22 feet tall.  The tank was constructed by Chicago Bridge and Iron Company in 1960.  The paint system consists of TT-P-86 Type I, Red Lead Linseed Oil Primer and TT-P-38 Aluminum Pigmented Tung Oil Phenolic Coating.  

A brief description of the overcoating demonstration site work arranged by task follows:

Task 1. Prepare the site for work.

Task 2. Prepare the surface of the tank (1200 ft2) by hand washing, spot power tool cleaning, and solvent wiping.  

Task 3. Coat the cleaned and prepared surface with two overcoat systems:  (1) Wasser High-Tech Coatings Mio Aluminum primer, Ferromastic intermediate, and Ferrox A topcoat; and (2) Sherwin-Williams Corothane I Mastic primer and two coats of Corothane I Ironox A.

4. DESCRIPTION OF SITE WORK: 

4.1  Site Preparation.  The structure was accessed using stepladders, painting poles, and platform scaffolds.  Ground surfaces adjacent to the tank were covered with water impermeable tarpaulins.  The tarps were taped to the base of the tank. 

4.2  Coating Evaluation.  A visual inspection and physical tests were performed on the existing aged coating. 

Dry film thicknesses were measured at eight locations.  The average thickness ranged from 2.0 to 4.1 mils.  The overall average thickness is approximately 3.0 mils.  

Three adhesion measurements were taken, two with a south solar orientation and one with a north solar orientation.  Adhesion values were 3A and 5A (south facing) and 3A (north facing).  All values represent slightly degraded intercoat adhesion.  

Rusting ranges from 3 to 5% of the tank surface.  Corrosion is primarily general spot corrosion with associated staining.  The north-side and lower portions of the tank are somewhat more degraded than the upper portions and south-side.  However, the rust distribution is fairly uniform overall.

Based on the generally low dry film thickness and overall appearance, the tank has probably never been maintained or recoated. 

4.3  Cleaning.  Cleaning was performed with an aqueous mixture of soap (100 to 1 dilution, Kleenz-Brite Extra, Mfg. by Lad Chemicals, Inc. for James A. Lytle, Inc.).  Cleaning solution was applied by sponge and the surface was scrubbed with non-woven abrasive pads attached to wood backup holders.  Washed surfaces were rinsed with clean water using sponges and dried with clean clothes.  Wash and rinse water were collected on ground tarps.  A significant amount of poorly cohesive aluminum coating was removed from the tank during the cleaning process.

4.4  Surface Preparation.  Loose paint and rust were removed in accordance with SSPC-SP 3 Power Tool Cleaning using two rotary cleaning tools equipped with 3M brand Clean and Strip pads.  Waste was collected in a HEPA vacuum canister.  Approximately 5-percent of the total test area was power tool cleaned.  

4.5  Solvent Wiping.  Solvent wiping with clean rags and VM&P naphtha was performed to remove residual dust and contaminants.  The cleaning rags picked up a significant amount of color (dirt and paint) from the surface.

4.6  Painting. 

4.6.1  Paint System 1:  The Wasser Mio Aluminum primer was applied by brush and roller to the entire test surface rather than just the power tool cleaned areas.  The average wet film thickness was 3.3 mils.  The average dry film thickness was 2.0 mils.  The air temperature at the time of application was 73o F and the surface temperature was 67.5o F.   The intermediate coat of Ferromastic was applied after a drying period of 19 hours.  The average wet film thickness was 4.3 mils.  The average dry film thickness was 2.6 mils.  The air temperature at the time of application was 70o F and the surface temperature was 68.5o F.  The topcoat of Ferrox A was applied after a drying period of 22 hours.  The average wet film thickness was 4.6 mils.  The average dry film thickness was 2.8 mils.  The air temperature at the time of application was 65o F and the surface temperature was 65o F.  The average dry film thickness for the complete overcoat system was 7.4 mils.

Areas of the dried primer, Mio Aluminum, were observed to have numerous tiny bubbles over the prepared rust spots.  These areas appear slightly rough.  The bubbles are characteristically formed in polyurethane films as carbon dioxide is evolved.  The problem occurs when the cure reaction occurs too rapidly or the coating is applied too thick.  Wasser recommends that Mio Aluminum be applied at a wet film thickness of 2.5 to 3.0 mils.  The achieved wet film thickness was slightly above the recommended range.  High humidity also promotes rapid cure.  Painting conditions were nearly ideal and humidity was not high during application.  The bubbling may have been caused by a combination of relatively high wet film thickness and moisture retained in the rust.  

4.6.2  Paint System 2:  The primer Corothane I Mastic primer was applied by brush and roller to the entire test surface rather than just the power tool cleaned areas.  The average wet film thickness was 3.6 mils.  The average dry film thickness was 2.2 mils.  The air temperature at the time of application was 73o F and the surface temperature was 67.5o F.   The intermediate coat of Corothane I Ironox A was applied after a drying period of 19 hours.  The average wet film thickness was 3.6 mils.  The average dry film thickness was 2.0 mils.  The air temperature at the time of application was 70o F and the surface temperature was 68.5o F.  The topcoat of Corothane I Ironox A was applied after a drying period of 28 hours.  The average wet film thickness was 3.6 mils.  The average dry film thickness was 2.0 mils.  The air temperature at the time of application was 65o F and the surface temperature was 65o F.  The average dry film thickness for the complete overcoat system was 6.2 mils.

4.7  Demobilization.  All equipment, ground tarps, and debris were removed from the site.  Wash and rinse water collected on the tarps was vacuumed and containerized.

4.8  Waste Analyses.  Waste minimization was accomplished by hand washing rather than power washing the existing coating.  Waste water was collected from the tarps, weighed, and tested for total lead and TCLP.  The total liquid waste collected from the tarps was 20 gallons (73 kg).  TCLP lead was 0.41 PPM.  The waste water did not exhibited the hazardous characteristic for lead.  

The power tool cleaning waste was weighed and tested for total and TCLP lead.  The total weight of power tool cleaning debris collected was 0.22 kg.  Total and TCLP lead were 83,000 PPM and 270 PPM respectively.  The power tool cleaning debris exhibited the hazardous characteristic for lead.  

Copies of test reports are attached as Appendix A.  

Complete coating removal by abrasive blasting with coal slag abrasive would have produced approximately 18,000 lbs (8200 kg) of waste.  Based on our experience this waste would be hazardous.  The quantity of hazardous waste generated was negligible compared to that that would be produced using expendable coal slag abrasive.

4.9  Lead Exposure.  One worker operating a vacuum shrouded rotary power tool wore a personal air monitor (PAM) for the 120 minute duration of power tool cleaning.  The test results area attached as Appendix B.  The worker exposure was 81 µg/m3.  Averaged over an 8-hour workday the exposure was 20 µg/m3.  The action level for lead exposure is 30 µg/m3 for an 8-hour work day.  If the work duration had been 8 hours, then the lead action level would have been exceeded.  

4.10 Labor and Cost Analysis.  Cost was measured using the Bureau Of Labor Statistics 1998 National Occupational Employment Wage Estimates for labor category 87402 Painters and Paperhangers, Construction and Maintenance.  The 90th percentile wage ($21.40/h) adjusted for inflation (2% per annum) was used.  A 50% burden was added to cover insurance, pension, annuity, vacation, and profit.  The labor cost used for the cost estimate was $33.40/h.  Labor and cost details are tabulated below.

The estimated unit area cost for overcoating the tank was $1.55/ft2.  CCC&L’s work was performed on portions of the tank that were generally more accessible.  The estimated unit area cost range for overcoating similar tanks using either paint system is $1.40/ft2 to $1.86/ft2.  


Work Phase



Hours


Mobilization



  6.0


Washing



  8.75


Power Tool Cleaning


  4.0


Solvent Wipe



  1.0


Painting System 1


  4.5


Painting System 2


  4.5


Demobilization


  4.0


Cost ($/ft2)


Mobilization/Demobilization

0.167


Surface Preparation


0.383


Paint Application


0.251


Paint and Expendables (est.)

0.750


Waste Disposal


0.000


Total Cost



1.551

4.11 Description of Painted Areas.  Approximately 40% of the tank surface area was painted.  Each coating system was applied in three test patches to evaluate the effects of different solar orientations.  The areas are separated by one-inch wide unpainted vertical strips.  Each test patch is labeled.  The Wasser test patches are labeled 1A, 1B, and 1C.  The Sherwin Williams test patches are labeled 2A, 2B, and 2C.

4.12 VOC Information. 

Paint



Supplier



VOC

Mio Aluminum

Wasser High-Tech Coatings

<340 g/L

Ferro Mastic


Wasser High-Tech Coatings

<340 g/L

Ferrox A


Wasser High-Tech Coatings

<340 g/L

Corothane I Mastic

Sherwin Williams


<340 g/L

Corothane I Ironox A

Sherwin Williams


<420 g/L

4.13 Material Safety Data Sheets.  MSDS for each material are included in Appendix C.

APPENDIX A

Waste Analyses

APPENDIX B

Lead Exposure Results

APPENDIX C

Material Safety Data Sheets
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