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Transportation Research Division 
 
Experimental Use of Line-X® Coated Steel Pipe Piles, 
Clay Hill Bridge (no. 2157) Replacement Project  over the 
Mousam River, Route 9/Western Avenue in Kennebunk, Maine 

Project Description 

Steel pipe piles used by MaineDOT for bridge construction are typically coated with a fusion-
bonded epoxy (FBE). FBE is a powder-based coating with properties similar to traditional 
epoxies. Its name is derived from the process by which it adheres to a substrate. When the 
hardener and epoxy react through heating, the coating takes a solid form as the chemicals are 
cross-linked and bonded to the substrate (ThomasNet.com). 
 
One of the major problems with the FBE coating is that once cured it is brittle and tends to chip 
easily from handling during shipping, stockpiling, and the driving process. Recoating and repair 
of the FBE finish in the field can take up to two hours to complete.  
 
Line-X® coating is a tough, yet resilient polyurea-based coating system that has demonstrated its 
resistance to chipping and de-bonding in its history as a spray-on lining for pickup truck beds. 
Line-X® Franchise Development Company of Huntsville, AL is a manufacturer and franchisor 
of their patented spray applied protective coatings systems used primarily for truck bed lining. 
Line-X® coating is a two-step process using their FCP primer and XS-350 top coat which is a 
100% polyurea elastomer coating.  
 
FCP Primer is a high-solids, two-component urethane primer for steel prepared to near-white 
blast cleaning and applied according to the manufacturer's specifications. The recommended dry 
film thickness is between 2-3 mils. FCP Primer has a volatile organic compound (VOC) content 
of 250 grams per liter. 
 
XS-350 is a two-component, 100% high performance aromatic polyurea spray elastomer system 
with a zero VOC content. XS-350 is applied using heated (120°-150°F) high-pressure, plural 
component spray equipment. The dry film thickness for this project is specified a minimum of 
125 mils for the XS-350 and as specified by the manufacturer for the FCP primer. 
 
Twelve spiral welded steel pipe piles, 24 inches in diameter with a .0625 (5/8) inch wall 
thickness, were constructed in conformance with ASTM A252, Grade 3. The following is a 
schedule of piles at the pier locations from the project documents: 
 

Pier No. 1  Piles 1 & 6:  2 ~ 2’-0” Ø x 5/8” thick x 55’ long 
      Piles 2 through 5: 4 ~ 2’-0” Ø x 5/8” thick x 52’ long 
 

Pier No. 2  Piles 1 & 6:  2 ~ 2’-0” Ø x 5/8” thick x 59’ long 
      Piles 2 through 5: 4 ~ 2’-0” Ø x 5/8” thick x 57’ long 
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After fabrication, the piles were shipped to Dinsmore Welding & Fabricating of Dagus Mines, 
Pennsylvania for surface prep and coating. According to the project plans, only the top twenty-
seven feet of each pile was coated with the Line-X® material (Figure 4). Details of the surface 
preparation and coating process are outlined in the project’s Special Provision (Appendix A). 

Objective 

The objective of this study is to determine if the Line-X® product is a longer lasting and more 
durable coating for steel pipe piles than the traditional fusion-bonded epoxy coating that we are 
now using. 
 
The product will be evaluated by the Transportation Research Division over a five-year period 
for durability, aesthetics, and cost-effectiveness. 
 

Project Location  

The bridge selected for the demonstration project is the Clay Hill Bridge (Bridge No. 2157) that 
carries State Route 9 (locally: Western Ave.) over the Mousam River in Kennebunk, York 
County, Maine. The project scope is total replacement of the existing structure. 
 
The project location is shown on the map below. 

 

 
 

Figure 1  
Project Location Map 
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Plans and Typical Sections 

 
 

Figure 2  
General Plan View 
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Figure 3  
Profile View ‘B’ Showing Pipe Pile Locations 
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Figure 4 
Pier Plan 
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Figure 5 
Pier Details 
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Figure 6 
Pile Evaluation Showing Line-X® Coating Limits 
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Construction 

The contract for the bridge replacement project was awarded to Technical Construction, Inc. of 
Turner, Maine on May 22, 2012. 
 
H.B. Fleming of South Portland, Maine drove the steel pipe piles and H-piles on the project. At 
the suggestion of Larry Maillet (Line-X® of Augusta), Fleming fabricated a driving frame with 
intergral rollers (Photo 9) as an aide in reducing coating wear during the pile driving process. 
This appeared to be quite effective in reducing wear and tear on the coating. 
 
The contractor performed wave equation analysis which includes the proposed driving system 
and stopping criteria. Stopping criteria include the blows per inch and the number of one inch 
driving intervals at which the pile installation may be terminated. 
 
Dynamic load testing was performed to determine the ultimate capacity of the pile. This test is 
performed on the first production pile driven at each abutment. 
 
Vibratory driving of piles began on Monday, November 19, 2012 
 
Impact driving of piles began on Tuesday, November 20, 2012 with an APE D36-26 single-
acting diesel hammer with a rated energy of 89,302 ft. lbs. 
 
After driving was completed, the tops of the piles were cut to the required elevation in order to 
accommodate the pier cap. Cutting of the steel piles was accomplished by mechanical means 
with a rotary cutter (9 inch cutting wheel) straight through the coating and steel. 
 
Comments were favorable regarding the Line-X® coating from Construction and MaineDOT 
personnel regarding the apparent toughness and aethetics of the Line-X® coating throughout the 
project. 
 
No areas of the Line-X® coating material received significant damage or required repair on any 
of the pipe pile surfaces. 
 

Costs 

The cost for Line-X® coating of twelve steel pipe piles was a lump sum total of $46,824.00. This 
was a negotiated figure agreed upon between MaineDOT and Line-X® prior to project 
advertising. As outlined in the Special Provision (Appendix A), the cost included preparation of 
the steel piles, applying the primer and topcoat, adhesion testing and having representatives on-
site to perform repairs if needed. 
 
This figure works out to be $3902.00 per pile, or $23 per square foot. The total includes costs 
that likely would not be incurred in the future, such as having Line-X® personnel at the jobsite 
in case repairs are required. Additionally, in the future it may be possible to coat the piles in 
Maine according to Line-X® of Augusta personnel. 
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The cost may have been further reduced by electing to go with a thinner film thickness than the 
125 mils that were specified. Due to our lack of experience with this material for this application, 
it was felt that the 125 mils would provide a margin of safety. Specifically, there was concern 
that the coating would suffer wear and abrasion during the transporting, handling, and driving 
process and this did not turn out to be the case. It may also be possible to go with a less 
expensive coating such as “Line-X® 100” for example. Line-X® representatives have cautioned 
against thinner coating thicknesses, pointing out that the strength of the material comes from its 
thickness and that the Line-X® 100 material might be more vulnerable to damage.  
 
For a recent comparison with FBE costs, I found the cost of fusion bonded epoxy used on steel 
pipe piles in Boothbay Harbor (Knickerbocker Bridge Project) in 2009. That cost worked out to 
be about $5 per square foot. There were fourteen piles of varying lengths. The entire length of 
each pile received the FBE coating. It must be noted that this is not a direct comparison between 
the two systems. 
 
 
 

Pipe Pile Coating, Dagus Mines, PA  
 
The pipe piles were delivered to Line-X®’s facility in Dagus Mines, PA after fabrication. The 
piles were prepared for coating by first soda blasting. This provided a near white surface profile . 

 

 
Photo 1 

Steel pile surface profile immediately after soda blasting. 
 

Although the Dagus Mines facility has an indoor blast booth, this work was performed outdoors. 
The piles were then brought inside an enclosed building in an effort to reduce contamination 
between blasting and priming phases. 
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Photo 2 

Piles ready for inspection and priming. Note rolling cradle to facilitate a 360° 
application of the Line-X® product. 

 
 

 
Photo 3 

Line-X® personnel checking DFT after curing revealed a 0.5 mil average difference from the 
earlier WFT measurements. Pull-off tests were performed for each pile to monitor adhesion 

consistency 
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Photo 4 

Pile receiving topcoat of Line-X®’s 100% polyurea ‘XS-350’  
 

 
Photo 5 

Coated piles awaiting shipment to the jobsite. 
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Pile Driving, Kennebunk, ME  
 

 
Photo 6 

Preparing vibratory hammer for driving. Note the hole near the top of the pile. An acetylene torch was used causing 
the coating to char and burn. MaineDOT and Line-X® did not recommend this method of cutting due to testing that 

was conducted prior to the project. 
 
 

 
Photo 7 

APE D36-26 diesel hammer at work 
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Photo 8 

Pile driven to the water line 
 
 

 
Photo 9 

Cutting pile to final grade with a cut-off wheel 
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Photo 10 

Preparing the two angled piles for driving by removing the coating where the hydraulic clamp was to grab the pile. 
A hand held jackhammer with a chisel bit was used to remove coating, which took considerable effort.  

 
 

 
Photo 11 

The topcoat debonded at the primer, which held fast to the steel beneath. 
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Photo 12 
All pier piles driven and cut to final grade 

Testing  

According to the project specifications, adhesion tests of the Line-X® coating material were 
performed in accordance with ASTM D 4541 Pull-Off Strength of Coatings Using Portable 
Adhesion Testers. Tests were performed at the Line-X® facility in Dagus Mines, PA on each 
pile. The minimum adhesion value allowed by the project specifications was 1000 psi. The 
minimum adhesion value was exceeded in all cases by an average of 134% (Appendix A). 
 

  Type Break % 
Pile # Adhesion Value PSI Adhesive Cohesive Glue Failure* 

1 1386 0 20 80 
2 1386 0 40 60 
3 1182 0 40 60 
4 1100 0 15 85 
5 1304 0 10 90 
6 1386 0 50 50 
7 1467 0 10 90 
8 1365 0 10 90 
9 1018 0 10 90 

10 1500+ 0 30 70 
11 1500+ 0 20 80 
12 1500+ 0 20 80 

Figure 7 
 

Note: Tests 10, 11, and 12 reached the tester maximum and were removed manually. 
*The test dolley pulled off the coating before the coating failed on the pipe. 
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According to Line-X®’s XS-350 Technical Data Sheet, the following lab testing was done per 
ASTM D543 for immersion of XS-350 in various fluids. Here are two fluids that we know will 
be encountered in the field. For a more complete list, see the Technical Datasheet (Appendix B). 

 

Chemical 
Names 

Volume Change 
(%) 

Hardness 
Change (%) 

Elongation 
ASTM D412 
Change (%) 

Tensile 
Strength ASTM 

D412 Change 
(%) 

Recommended 

Sea Water 3 -7 79 24 Yes 
Water 2 -9 77 29 Yes 

 
 

Conclusion  

Observations and suggestions for future use of Line-X® coatings: 

• Having a coating repair crew standing by is not necessary.  
• The specification for the design of the driving frame provided excellent coating protection. 
• There was no significant dry film thickness loss during the driving process. 
• Coating at the spiral weld reinforcement displayed excellent adhesion. 
• Removal of the coating using an electric chisel was extremely difficult and eventually resulted 
in an intra-coating failure of the primer, not the 350 coating. 
• Attempted removal of coating on pile cutoffs after driving using extremely sharp chisels and a 
three pound hammer was futile. 
 
Dan Glenn (MaineDOT) stated that requiring 125 mils might be excessive. Based on the  
performance of the coating that Dan observed, a thinner coating on piles in the future might 
result in an acceptable product at a reduced cost. Adequate surface preparation, e.g. blast 
cleaning and development of an angular anchor profile, and the application of the recommended 
primer are key elements in assuring proper adhesion to the steel substrate. Dan further suggested 
that it would be interesting to coat a pipe pile with Line-X® 100* or an equivalent to compare it 
to the performance of Line-X® 350.  
*XS-100 is a hybrid polyurea & polyurethane coating manufactured by Line-X®. 
 
None of the Line-X® coated piles on this project required welding in the field. Occasionally, this 
may be required. It will be interesting to see how the re-coating over the field-welded areas is 
accomplished on future projects. 
 
There may also be other applications such as coating of structural steel within the substructure 
and coating of H-beam piles. 
 
Transportation Research will monitor the condition of the Line-X® coating used on this project 
for durability and aesthetics for at least a five-year period. 
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Prepared by:             Reviewed by:       
     
Doug Gayne              Dale Peabody 
Product Evaluation Coordinator        Transportation Research Engineer 
Maine Department of Transportation       Maine Department of Transportation 
Tel. 207-624-3268           16 State House Station 
e-mail: doug.gayne@maine.gov         Augusta, Maine 04433-0016  
                Tel. 207-624-3305  

e-mail: dale.peabody@maine.gov  
    
     
    

Technical Assistance: Dan Glenn, MaineDOT 
Roland Cote, P.E.; MaineDOT 

      Larry Maillet, Line-X® of Augusta 
 
Photo Credits:   Dan Glenn, MaineDOT 

Cal Yeaton, MaineDOT 
      Chris Mellin, Line-X® 
      Mark Sides, Line-X®  
      Larry Maillet, Line-X® of Augusta 
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