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1.
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Southport, North Carolina 28461-5000

Phone: 910-341-8291

E-mail: mansourb@mtmc.army.mil
W. A. Soders

Public Works Division

597th US Army Transportation Terminal Group (MOTSU)

Southport, North Carolina 28461-5000

Phone: 910-341-8426

E-mail: sodersw@mtmc.army.mil
2.
General comments

Dr. Stephenson and I visited MOTSU in early April 2003 to determine the corrosion problems at this unique Army installation and provide some limited (by time constraints) corrosion and materials consulting.  The comments below are the result of this trip and address a number of subjects discussed with MOTSU personnel.

3.
Mooring bollards

Large mooring bollards like the one shown in Figure 1 are used to moor cargo vessels to three large docks during loading of explosive ordnance and other materials.  Over the course of several decades some of the bolts used to attach these bollards to the concrete piers have deteriorated.  Figures 2 and 3 show attachment bolts in good condition (Figure 2) and bent and corroded (Figure 3).
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Figure 1: Mooring bollard on deck of concrete loading dock
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Figure 2: Attachment bolts in relatively good condition underneath        bollard on concrete dock.  Note that, while some of the concrete                  on the bottom of the deck has spalled, the bolts are in good condition.
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Figure 3: Corroded bolts underneath a bollard attached to a                        concrete dock.

Recommendation:  The bolts underneath all bollards should be inspected.  Where the bolts show significant corrosion, they should be replaced.  Some of the bottom surfaces of the docks, like those shown in Figure 3, will also be deteriorated.  This will require either repair of the concrete (not recommended because of quality control issues) or reattachment of the bollards at nearby locations where the concrete is not deteriorated (recommended procedure).

3.
Structural steel

[image: image4.jpg]



Figure 4: Corroded guard rail on loading dock.  Note how the                           vertical post is completely corroded through at the bottom where 
                 it is attached to the deck.
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Figure 5:  Corroded structural steel on top of a building
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Figure 6:   Corroded ladder presenting a safety hazard
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Figure 7: Bottom of ladder shown in Figure 6

Recommendations:  The guard rails on the loading docks should be replaced with either aluminum or stainless steel railing systems.  The carbon steel railings are no longer structurally safe, and any carbon steel replacement would require maintenance and be less economical and less reliable.  Composite railings are not recommended because the dock railings must work in fire conditions.  The State of Florida has used aluminum railings extensively in highway bridges.  Galvanized bolts should be used to attach the aluminum rails to the concrete deck.  If stainless steel guard rails are used, then stainless steel bolts should be used for attachment.

Corroded structural steel like that shown in Figure 5 should be cleaned by abrasive blasting and recoated.  Many organizations have found that inorganic zinc coatings work best in seacoast environments.  The NASA Kennedy Space Center has conducted research that shows that these coatings are most effective when the inorganic zinc primers do not received a topcoat.  More information is available at corrosion.ksc.nasa.gov.  CERL has coatings experts who can provide information on the procedures for sandblasting, quality control procedures for cleaning and coating specifications, etc.

Ladders like those shown in Figures 6 and 7 should be inspected and replaced.  

4.
Lampposts

Many lighting poles in storage yards and other locations are starting to show signs of corrosion.  Some of these poles are very tall, such as the one shown in Figure 8.  When Dr. Stephenson and I inspected this pole we found that the bolts connecting the base of the pole to the concrete supports were loose, as shown in
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Figure 8:  Lighting pole in storage yard
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Figure 9:  Loose bolt on the base of the pole shown in Figure 8 

(This represents a safety hazard)

Recommendations:  Light poles like those shown in Figure 8 are very tall and difficult to clean and repaint.  They should be disassembled, inspected, and repainted in the horizontal position.  This will allow maximum quality control over the various inspection and coating operations.

At the same time, the concrete bases and the attachment bolts should also be inspected.  It is likely that the bolts shown in Figure 9 have worked loose from their concrete embedment.  While corrosion is possible on the bolts shown in Figure 9, it is most likely that most deterioration is due to fatigue caused by the wind loading of the poles.  This means that the bolt attachment concrete is likely to be degraded and need replacement.  The cheapest and most reliable repair would probably involve installing new concrete bases in locations adjacent to where the deteriorated bases were located.  

Inorganic zinc primers with no top coating are probably the best replacement coatings for these poles

5. Mooring attachments

Figure 10 shows a fender system used to absorb loads and prevent collisions between ships and the docks.  The chains holding the large black floats shown in
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Figure 10:  Fender system on loading dock

Figure 10 are held to the concrete dock with eyelets like those shown in Figure 11.  The condition of the eyelets we inspected on April 4 was excellent, with no indications of fretting corrosion.
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Figure 11:  Mooring eyelet on dock

Recommendation:  The materials used in the eyelets and chains shown in Figure 11 should be identified.  Other Army organizations can benefit from learning what materials were used in this system.

6. Masonry buildings

A masonry building near the MOTSU headquarters complex was inspected to determine the cause of coating problems.  Figures 12 through 14 show the coating debonding on both the inside (Figures 12 and 13) and the outside Figure 14 of this building.  The coating debonding is due to moisture migration from the inside of the concrete blocks to the concrete/paint interface.  This is 
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Figure 12: Debonded paint on the inside of an exterior wall of a concrete                   block building
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Figure 13:   Debonded coating on                                                   interior of  masonry block building
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Figure 14:  Debonded paint on outside of concrete block building.  Note also the mortar cracks that run diagonally up the building underneath the window.

a common problem on masonry and concrete buildings.  One potential source of the problem is laitance (minerals caused by excessive moisture which have formed on the cementitious material’s surface).  This must be removed by acid washing or by mechanical means (usually by acid washing) before concrete or similar materials can be painted.

During the inspection we were asked if the mortar (as opposed to the bricks) was a source of the problem.  Mortar is generally more permeable to moisture than concrete or concrete block, but the problems we observed we on both the mortar and the block.

Figure 14 shows how the building has shifted over the years, causing cracks in the mortar joints.  This allows even more moisture to enter the walls and causes more coating debonding. 

Recommendations:  The sources of moisture ingress into the walls shown in Figures 12 through 14 should be identified.  Once these sources of moisture are minimized/eliminated, then the walls, both interior and exterior, should be mechanically stripped of all paint, acid washed to eliminate laitance, and repainted.  CERL’s coating laboratory can be contacted for guidance and specifications on how this should be done.

7. Concrete structures

Much of the concrete on the main loading docks was in excellent condition, but cracks such as those shown in Figure 15 were apparent.  The curvature of the 
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Figure 15: Curved cracks on deck of loading dock

crack shown in Figure 15 indicates that it is due to structural loading (perhaps impact damage) and is not related to corrosion of steel or other chemical deterioration.  The vertical cracks in piling, like those shown in Figure 16, may
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Figure 16:  Vertical cracks in concrete


                          piling underneath loading dock

be caused by loading or by corrosion.  In either case, the cure is to use a concrete wrap to reinforce the structure.  

Figure 17 shows stalactites forming on a pier at a location where a structural crack, probably caused by changes in cross section at the location shown, has led to moisture damage to the concrete structure.  
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Figure 17:  Stalactites indicating structural damage to pier

[image: image18.jpg]



Figure 18:  Rounded concrete piling repair that seems to be working

Recommendations:  Most of the deterioration noted on the waterfront concrete at MOTSU was due to mechanical loading.  The concrete appeared in generally good shape.  Repairs such as those shown in Figure 18 should be instituted on any pilings showing deterioration like that shown in Figure 16.

9.
Additional comments

MOTSU personnel asked us about stainless steel for use in various applications.  

Most stainless steel used in construction is 304 stainless steel, which has the nominal composition of iron plus approximately 18 % chromium and 8% nickel.  Type 316 stainless has 2 ½ % molybedenum added to the alloy for increased crevice corrosion resistance.  Both of these alloys, which are most commonly supplied as tubing or piping, should have adequate corrosion resistance for the applications discussed at MOTSU.  

Reduced carbon versions of these alloys, 304L and 316L, are also available.  The reduced carbon is an advantage in welded structures, but MOTSU would be best served by specifying either dual-certified 304/304L stainless or dual-certified 316/316L stainless.  The dual-certified stainless steels are “clean” enough to meet low-carbon standards and “strong” enough to meet the normal stainless specifications.  Dual-certified stainless steels are available from a number of suppliers, and there is usually no cost penalty associated with the dual certification.  Regular grades of both 304 and 316 stainless steel should prove adequate for the corrosion applications discussed in this report.

ALCLAD aluminum is available in a wide variety of forms.  This is structural aluminum, which has strength from alloying and sometimes from heat treatment, covered with commercially pure aluminum, which has better corrosion resistance.  Any aluminum structures specified for use at MOTSU should be made with clad aluminum.  Clad aluminum is available from many suppliers.

_1113922512.ppt


Bollard
















_1114352035.ppt


Rusted bolts under bollards
















_1113811084.ppt


Good bolts under bollards

Wharf 1
















