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Abstract

Test installations on LSD 41 and LHA 4 have conclusively shown that synthetic decking has superior performance when compared to wood planking traditionally used in well decks.  Synthetic decking is made from specially formulated Ultra High Molecular Weight Polyethylene (UHMWPE).  Unlike wood, synthetic decking does not splinter, fracture, deteriorate, rot, or generate loose debris that creates foreign object damage (FOD) hazards, and can easily withstand abuse from tracked vehicles.   The rapid development of synthetic decking has occurred because of technological advancements made during the development of synthetic batterboards, a product that has wide acceptance in the amphibious fleet and results in significant cost savings.  During the synthetic decking development program, NAVSEA first established the material property requirements and optimum panel configurations best suited for well deck installations.  NAVSEA then worked with industry to develop synthetic decking that met these standards.  Subsequently, commercially produced synthetic decking became available and a Commercial Item Description (CID) was prepared.  Working with LSD 41 and LHA 4 Port Engineers, 3,800 ft2 of synthetic decking was installed during 1998 in areas where severe wood damage traditionally occurs.  After numerous well deck operations, the synthetic decking was undamaged whereas new wood installed in comparable areas was completely destroyed.  Approximately 10,000 ft2 of installations are planned for the year 2000.  The paper summarizes lessons learned during testing and offers guidance for future installations.
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Introduction

The evolution of specially formulated UHMWPE as a replacement for wood in the well decks of amphibious ships has been under way since the late 1980s.  This paper provides an overview of the development program that established the requirements for synthetic decking and generated a CID for synthetic decking material.  Secondly, it shows that by working with industry, these requirements could be met and products manufactured successfully.  Next, it describes shipboard test evaluations.  Finally, the paper discusses lessons learned during these trials and provides guidance for future installations.

Wood Decking
Navy amphibious ships historically have used Douglas fir wood treated with fire-retardant and other preservative chemicals as the planking material in well decks.  Depending on the ship class, the planks are 2.5, 3.5 or 4 inches thick and have numerous widths in lengths ranging from 8 to 16 feet.  The planks are secured to the steel deck with corrosion-resistant (CRES) studs, either as individual boards or as pre-assembled 6-foot-by-16-foot raft structures depending upon the ship class and well deck configuration. Inherent problems with wood are its limited strength and abrasion-resistance characteristics and the fact that it will splinter and fracture after repeated impacts.

Deck Loading

Wood decking is subjected to damage from landing craft (LCU) and tracked vehicles such as Amphibious Assault Vehicles (AAV), tanks, and bulldozers (Figure 1).  During launching and retrieval operations, partially buoyant LCUs lose their grounding due to the rapidly changing water levels caused by waves.  A partially buoyant LCU and the reflective wave conditions within the well deck cause the craft’s skegs to impact vertically, fore and aft, and athwartships.  The magnitude of the impact is a function of the mass of these craft and the velocity at which the partially buoyant LCU hits the deck.  This pounding and scraping action eventually destroys the wood.  Damage also occurs during tracked vehicle operations within the well deck.  As these vehicles turn to maneuver, their grousers tear into the wood surface.  The extent of damage varies from abraded to fractured wood, which subsequently can cause other problems.  If damaged wood breaks free from a plank, the debris can be drawn into the air intakes of air-cushioned landing craft (LCAC) and cause engine failures.  Jagged planking also can damage LCAC skirts and present personnel hazards.
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Figure 1.  Typical Abraded Damage to Wood Decking Caused by Tracked Vehicles

The Problem with Wood Decking

The threat of fire and wood rot are other problems inherent to wood in well deck installations.  Although treated with preservatives and flame-retardant chemicals, decking undergoes continual soaking and drying that leaches the chemicals out of the wood, decreasing its flame and rot resistance.  The Navy, concerned with the safety of ships and their crews, in 1978 issued a directive to remove all wood from ships to eliminate this fire hazard.  The Navy directive and eventual rotting problems explain why synthetic decking ultimately must replace wood throughout the well deck and not just at high-damage locations.

Replacing wood within well decks is labor-intensive and expensive.  Removing old wood typically is accomplished by using a jackhammer with a specially made blade or by employing mechanized equipment, such as a forklift truck or backhoe (Figure 2).  We conducted a survey that compiled wood repair costs from ships within every amphibious class.  This data consistently showed that labor costs to replace damaged wood are approximately four times the material costs.  Consequently, if a more 

Figure 2.  Wood Removal Using a Forklift Truck

durable material eliminates the need for just one subsequent repair, significant cost savings can be realized.  It also should be noted that specially treated Douglas fir wood planks are getting harder to procure because of the chemicals needed to preserve wood and wood disposal environmental factors.

The Solution:  Synthetic Decking

Background

In the late 1980s the Navy turned to industry for a replacement for wooden batterboards in well deck amphibious ships.  Industry proposed the use of virgin UHMWPE that had been used commercially for lining ferry slips.  UHMWPE needed to be modified to meet Navy requirements, such as fire retardant, low smoke, and adding an elastomer backing to absorb impact energy.  Industry responded by reformulating.
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To verify the adequacy of the proposed formulations, the Navy conducted large-scale testing to simulate the impact of an LCU into batterboards.  (Figure 3)  The tests were conducted using SAE specifications J972, J850, J211 and the Federal Motor Vehicle Safety Standard Procedure 301, as reported by Robert A. Jones (1).  The 4,000 lb. test car’s impacting surface was specifically configured to simulate the corner of the LCU’s bow ramp (the impacting point) and it was determined that a 30 mph velocity would be needed to duplicate the energy of a fully loaded LCU traveling at 3 knots. (Figures 4 and 5).  The results of the tests showed that the specially formulated UHMWPE panels exceeded the impact-resistance capability of wood while still meeting flame-
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Figure 3.  LCU Craft Entering Well Deck Area
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Figure 4.  SAE "Car Crash" Test Used to Evaluate Wooden and Synthetic Batterboards
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Figure 5.  Large-Scale Simulated Landing Craft

spread and smoke-generation standards.  These trials demonstrated that an energy-absorbing system comprised of UHMWPE could withstand the energy that would destroy wood batterboards.  The high speed photograph in Figure 6 shows the actual deflection that occurred in the synthetic panels during the 30-mile an hour crash test.  Although  there was some surface scuffing that occurred as a result of the test car impacting point riding up test panels (Figure 7). It should be noted that the panel suffered no permanent damage.

Synthetic Decking Formulation

In 1995, after the development of CID A-A-59001 for synthetic batterboards, the Navy initiated tasks for the formulation of synthetic decking for well deck applications.  The objective was to build on the achievements and lessons learned from the synthetic batterboard program.  These lessons learned provided empirical information that cannot be determined by analysis.  Deck loading, as previously discussed, differs from batterboard loading.  To determine if UHMWPE could withstand these loads, testing was done using synthetic batterboard panels. Test panels were inspected and it was determined that conceptually UHMWPE would work.
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Figure 6.  Panel Deflection during Car Crash Test
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Figure 7.  Surface Damage during Car Crash Test

Comparing wood batterboard damage to wood decking damage to the synthetic test panels demonstrated that decking is analogous to a floor covering and serves to protect the steel deck from scraping and high abrasion damage that is caused by tracked vehicles.  Decking panels also are subjected to heavy static loads for long periods of time.  The worst type of damage occurs when the skegs or kort nozzles of partially buoyant landing craft impact the deck, which is less than the high-energy impact condition that fractures batterboards (Figures 8 and 9).  Because of that type of loading, elastomers are not needed.
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Figure 8.  Wood Decking Damage
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Figure 9.  Wood Batterboard Damage

Using the results of our testing, we determined the functional requirements of synthetic decking.  The requirements are a combination of properties shared with synthetic batterboards as well as characteristics unique to decking.

Synthetic Decking Properties Shared with Synthetic Batterboards

UHMWPE

The requirements for UHMWPE are specified in ASTM D 4020.  UHMWPE has a virgin base resin with a nominal molecular weight of 3.1 x 106 or greater.  


Additives and/or fillers may be used with the virgin resin material to achieve the synthetic decking properties as long as the additives and/or fillers are evenly distributed throughout the panel to provide a 100 percent uniform mix and homogeneous-type formulation throughout the cross section.

Flame Spread

The material properties found in ASTM E-162 surface flammability test were required.  The index is 25, which is the same as that required for fire-retardant wood that the synthetic decking is designed to replace.

Smoke Density

ASTM E-662 was used to determine the relative amount of smoke produced during a fire.  Both flaming and smoldering modes were examined.  A standard of 450 maximum specific optical density (Dm) was chosen since it is the maximum smoke-generation level allowed by federal, state, and local governments for evaluating burning materials in enclosed spaces.

Impact Resistance

Since UHMWPE is produced to an ASTM specification, the inherent strength of the material need not be verified by the car crash test.  The addition of fire retardant to UHMWPE lowers the material's strength.  Balancing the formulation becomes necessary to meet both impact and flammability objectives.  Since the swinging pendulum impact (IZOD) test specified by ASTM D-256 currently is being used by the UHWPE industry to determine impact strength, this test was chosen.  Unnotched samples were used since the objective is to verify that formulated UHMWPE can withstand the energy level from the car crash test (45 in-lb./in).

Other Properties

Other properties include service temperature (ship specification), panel color (black), chemical resistance (ASTM D-543), water absorption (ASTM D-570), and paintability.


Synthetic Decking:  Unique Properties

High-Traction Surface

A high-traction surface is desirable for deck coverings since personnel and vehicles frequently use the well deck area. The low coefficient of friction surface that naturally occurs with UHMWPE is ideal for synthetic batterboard applications, but what was needed now was a high-traction surface for synthetic decking.  On the other hand, the traction surface could not be so rough that it caused wear to LCAC skirts.  LCACs use concrete ramps when beaching at shore installations.  The surface roughness of the ramps at Naval Coastal System Station (NCSS), Panama City, FL, was examined and found to have a “burlap bag” type of surface.  When NCSS personnel who monitor and critique LCAC skirt wear were shown the industry-produced samples of slag-faced synthetic decking, their conclusion was that its surface roughness did not appear to be significantly different than that of concrete ramp surfaces.  To quantify the traction requirements, we used the dry, wet and oily surface coefficient of friction characteristics for Type II (trowelled) Navy non-skid as specified in MIL-C-24667 as our traction requirements.  This non-skid material historically has provided a good traction surface when applied to steel decks and is well accepted in the Navy.

The main difference from batterboards was that early decking panels used during load testing had either slag-faced, sand-faced or molded-pattern nonskid textures on top surfaces to provide high-traction conditions rather than the slippery surface specified for batterboard panels.  Traction is important when personnel walk on a wet or partially submerged deck surface.  Although all panel non-skid types provided superior performance compared to wood during test evaluations, we concluded that sand-faced panels had unacceptable embedding characteristics and have dropped them from further consideration.

Slag-faced material must be firmly embedded to a minimum thickness of 0.12-inch into the top surface of the panel, and the coefficient of friction requirements must be met and maintained throughout the slag thickness layer.  The test method to verify a coefficient of friction of 0.75 is UL 410.


Panel Weight and Configuration

The density of the specially formulated UHMWPE material is approximately 80% heavier than wood.  Consequently, we needed to develop a panel configuration that provided adequate strength yet still weighed about the same as wood decking.  Different cross-sectional patterns were investigated and an “M”-shaped configuration (Figure 10) was selected since it had the best strength-to-weight features, provided for water drainage, and was only approximately 15% heavier than wood.  Industry sources were consulted to ensure that the shape chosen could be molded.  Although this “M”- shaped configuration can be made either in plank-sized dimensions or in large panel sizes, definite advantages are realized when larger panels are used.  The increased panel area provides better distribution of weight over the steel deck structure.  Larger panel sizes have fewer joints, creates a smoother, more continuous deck surface, and require fewer attachment studs than a comparable area of plank-type installations.


Figure 10.  "M"-Shaped Synthetic Decking Cross Section

Synthetic Decking:  Manufacturing

Background

Prior to the Navy’s unique material requirements, UHMWPE panels were manufactured in various formulations that balanced sliding-abrasion resistance, low coefficient of friction, and high-impact resistance as dictated by industry requirements.  Applications ranged from mining, marine, pulp and paper, biomedical, and recreational areas (Figure 11).  Common additives include silicone for lowered coefficient of friction, carbon black for UV resistance, and peroxide for increased abrasion resistance and thermal stability.  Fire-retardant, smoke-generation, and non-skid requirements were not included in formulations since they were not an issue in the commercial UHMWPE marketplace




Figure 11.  UHMWPE Used as the Bedliner in a 
58-Cubic-Yard Dragline Bucket

Formulation Development

To meet the flame-spread and smoke-generation standards for shipboard applications, a number of different formulation approaches were investigated before the optimum solution was found.  Surface coatings that retard burning of UHMWPE were not permitted since these easily could be worn away in the high-abrasion environment. Adding flame-suppressant chemicals such as glass fiber can block the spread of flame but must be carefully controlled since they can have an adverse effect on the inherently superior impact resistance of UHMWPE.  Formulations were made using recently developed dry chemical powder “char technology” that deprives the surface of oxygen and cools the polymer’s exterior.  Char technology also prevents burning drips, puddling, or exfoliation from occurring during the flame-spread test.  It does not generate toxic fumes or heavy concentrations of smoke.  Again, a balance had to be maintained between the addition of flame-retarding chemicals and a corresponding loss in the level of impact resistance while still utilizing the silicone, carbon black, peroxide and other ingredients needed to achieve all the property requirements.

Mold Developments

As discussed previously, the “M”-shaped configuration was specified to reduce weight and to provide water drainage channels, but it also lowers the cost of the panel since less UHMWPE material is needed.  The “M”-shaped panel configuration represented manufacturing challenges that had not been encountered within the UHMWPE industry.  A first attempt was to machine the “M”-shaped configuration using routers.  However, machining was time-consuming and added to costs.  It then was learned that dropping insert pieces into mold cavities could create the proper pattern.  Specific details that were needed to make this manufacturing process successful were developed after a number of trial-and-error iterations.  A subsequent problem encountered and resolved was properly cooling the irregular “M”-shaped molded sheet to attain flatness and to prevent crowning and bowing from occurring.  

Quality Control 

A slag-faced surface was needed on synthetic decking to provide an acceptable level of traction for personnel and vehicles.  A high-traction surface is not used in any of the other traditional UHMWPE industrial applications, so it represented a new manufacturing challenge. Rather than just a surface roughness, CID specifies that the traction surface be embedded to a depth of 1/8 inch.  Industry responded by developing specially made spreader equipment to evenly disperse slag on the sheet before molding or, alternately, to embed the slag into the sheet surface after molding was completed.  Although slag embedding is achievable, a series of quality control problems were encountered, including loose slag material, low penetration depth, and non-skid surface uniformity.  The manufacturers have shown that these embedding problems can be overcome, but care must be taken to ensure that quality control is maintained.

Extent of Synthetic Decking Development

Synthetic decking that meets well deck requirements is now available commercially.  However, further product developments have occurred that likely will make synthetic decking useful in other shipboard applications.  Some manufacturing capabilities include:

· Sheet thickness in sizes ranging from 1/8 inch to 4 inches.

· Two-sided traction surface panels for multiple panel uses.

· Magnets embedded within panels for attaching without fasteners.

Shipboard Test Installations

After determining that the functional requirements could be met by industry, we verified our requirements and industry's capability by shipboard test installation on board USS WHIDBEY ISLAND (LSD 41) and USS NASSAU (LHA 4).  These installations also enabled us to start developing ship class installation drawings.

LSD 41 Installation Using Synthetic Decking Panels 

The June 1998 installation on the LSD 41 involved 800 ft2 of synthetic decking material.  LSD 41 class ships predominantly use planks 2.5 inches thick by 5-7/8 inches wide by 16 feet long for wood deck installations.  LSD 41 is one of three ships (LSD 41-43) that have a series of steel channels 2.5 inches high by 12 inches wide welded to the steel deck at certain well deck areas to improve the ship structure.  This is a special condition that does not occur on other amphibious ships.  The synthetic decking material was installed in the channel-stiffened area located just forward of the stern gate from frames 134 to 145.

Because of the special well deck configuration, 18 different-sized synthetic panels were needed to cover the 800 ft2 area (Figures 12 and 13).  A computer-aided design (CAD) was utilized to determine how to cut the panels to minimize scrap while still keeping the “M” pattern running fore - aft for water drainage.  The engineering drawing was an important feature that minimized material costs and provided guidance for the installation activity.
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Figure 12.  Installation of Synthetic Decking Panels on LSD 41
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Figure 13.  Surface of LSD 41 Synthetic Decking Panels

One of the findings from this test installation was that special shapes could be cut and machined from panels (Figure 14).  These shapes included both 2.5- and 1.5-inches high, large-diameter raised steel covers (Figure 15) and tapered panels needed for the extreme aft area of the well deck where the decking slopes from a 2.5-inch to a 4.5-inch thickness.  For each  situation, the backside of solid synthetic decking sheets were machined to suit installation requirements.  Because of the tough nature of UHMWPE, carbide-tipped tools were used when cutting, drilling, and machining operations were performed.  It is important that the operator not force the tool when machining or cutting UHMWPE.  For example, rather than attempt to take a single full-depth cut with a circular saw, it is better to take multiple shallower cuts.  Cleaning the tool frequently is necessary to prevent jamming.  Higher level horsepower tools should be used whenever possible.
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Figure 14.  Cutting Irregular-Shaped Synthetic Decking Panels
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Figure 15.  Machining Capabilities of Synthetic Decking Panels

Once these lessons were learned, operators felt that working with synthetic decking material was not significantly different than working with wood.  Ship’s Force and the Port Engineer were very pleased with the appearance of the completed installation (Figure 16).  There have been a number of boat operations since the synthetic decking panels were installed and the material has held up very well.
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Figure 16.  Installation of Synthetic Decking on LSD 41 Completed

LHA 4 Installation Using Synthetic Decking Panels

The October 1998 installation on LHA 4 involved 2,300 ft2 of synthetic decking.  The LHA class ships use wood planks 4.06 inches thick by 5-3/4 inches wide by 16 feet long for decking.  Eleven steel channel tie-down tracks (3.5 inches high by 6.0 inches wide) run the length of the well deck.  Either 13 or 14 wood planks (depending on the well deck location) are installed between these steel tracks.  Steel flat bars are installed along the edges of the exposed wood planking edges as they meet the tie-down track.  When wood damage occurs, the steel flat bar is also damaged and creates additional repair costs. 

Based on the success of the LSD 41 test, the same design approach was used on LHA 4.  A CAD drawing for the LHA 4 was created and documented all the details for 22 different-sized panels needed so that a majority of the panel fabrication work was done in the shop.  One of the standard mold sizes available from the manufacturer was 42 inches wide by 72 inches long.  This basic panel size permitted the use of two panels to completely fill the area existing between the tie-down tracks once the troublesome flat bar was eliminated (Figure 17).  The outer leg of these panels was trimmed to permit close assembly with the tie-down track.
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Figure 17.  Installation of Synthetic Decking Panels on LHA 4

Since 88 of these large synthetic decking panels were included in the installation, a template was developed that identified the location of the attachment holes for the panels.  The same template also was used to locate the welded studs on the steel deck.  Using a template guarantees a direct fit between panels and attachment studs while ensuring the interchangeability of panels in the future.  It should be noted that only 12 studs were needed to attach each of these 42-inch-by-72-inch panels, or 24 studs total, in a full 6-foot section between tie-down tracks.  This represents more than a 50 percent reduction in the number of attachment studs needed compared to that required for planking, resulting in faster, more economical installations.

Again, the shipyard installers felt that there were no significant problems in cutting, drilling and machining large-sized synthetic decking panels.  The LHA 4 Port Engineer was satisfied with the quality of the installation.  After a year of service, the panels are still in good condition with no apparent damage.

During a January 1998 test installation of synthetic decking planks in the LHA 4 well deck, steps were taken to provide a direct comparison of synthetics with wood.  The area just forward of the water barrier at frame 109 is where the LCU normally grounds out after deballasting.  The LCU’s port kort nozzle grounded on synthetic decking while the starboard kort nozzle grounded on wood.  After approximately one year of service (January 1999), including a six-month deployment during which LCUs were embarked, the synthetic material survived the loading condition whereas the wood was completely destroyed (Figure 18).  This represents a direct comparison of the endurance and strength of synthetic decking material and wood under basically identical loading conditions.

The successful shipboard trials verified that our functional requirements could be met.  On 31 August 1999 the Navy issued CID A-A-59844 Decking, Synthetic.  This document can be used to procure synthetic decking.  A summary of the synthetic decking material property requirements is provided in Table 1.



Figure 18.  Direct Comparison of Synthetic Decking Plans with Wood


Future Work
We are currently in process of developing complete well deck installation drawings for a number of amphibious ships.  The intent is to have the installation drawing fully completed and available for use so that the conversion to synthetic decking panels can be performed on an as-needed basis.  The Port Engineer simply identifies the area of wood decking that needs to be replaced on the drawing and provides the marked-up drawing to the contractor for installation.  All relevant information to perform the installation is already included on the drawing.  Then as future conversions are performed, the Port Engineer can be assured that each of his converted decking areas will fit with each other and ultimately result in an fully integrated well deck installation.  This is a cost-effective way of performing the conversion to synthetic decking since wastage and unnecessary rework are avoided.  This is especially important when considering the high cost of installation and material.  Funding has been provided to generate a generic installation drawing that provides a proposed optimum arrangement of large sized panels for each of the ship classes and Port Engineers have already funded the development of specific installation drawings for LHA 2, LHA 3, LSD 41, and LSD 49-52.   As more ships follow their lead, it is likely that ship class drawing will result.  Proposed synthetic decking installations scheduled for the year 2000 on LHA 2, LHA 3, LSD 41 and LSD 50 will likely total 10,000 ft2 and additional synthetic decking conversions are being considered.

A fundamental objective of our design work is to maximize the use of large-sized synthetic decking panels.  Large sized panels are cheaper to produce and more cost effective to install than plank configurations.  One of the recent developments we’ve undertaken is to design a synthetic decking raft that will replace the Douglas fir wood rafts (Figure 19) currently installed throughout the LSD 44-48 and LSD 49-52 well decks.  The rafts will be constructed using four identically shaped 4-ft by 6-ft panels as shown in Figure 20.  Funding has been received to procure large sized synthetic decking panels and fabricate two complete rafts for a test installation of this concept.






Figure 19.  Existing Douglas Fir Wood Raft


Figure 20.  Proposed Synthetic Decking Raft

Conclusions

The age of wood decking in amphibious ship well decks has ended.  During the last four years, a cooperative effort between the Navy and industry has modified a product that is used extensively in abrasive conditions within the commercial sector to meet the Navy’s needs.  After much technical development in both formulation and configuration, synthetic decking has achieved commercial status.  This material is covered by a CID issued by NAVSEA.  Three shipboard test installations have been performed during the last two years.  At-sea trials verified that synthetic decking can withstand LCU and tracked vehicle loads typically encountered within the well deck.  This testing has enhanced the technical requirements and demonstrated the superiority of synthetic decking panels when compared to the wood currently used. 

Reduced Navy maintenance budgets increase the need for longevity and lower life-cycle costs.  Replacing wood planks with large-sized synthetic decking panels in the well decks of amphibious ships will require less maintenance and help contribute to the Navy’s readiness now and throughout the 21st century. 

Synthetic Decking Highlights

· Synthetic decking should be used whenever wood replacement is required.  Synthetic decking material will cost more than wood; however, the total investment over time, including maintenance, repair, and especially installation labor expenditures, will always make synthetic decking the more cost-effective choice.

· Although synthetic decking planks can be used to replace existing wood planks on a one-for-one basis, this approach does not optimize potential reductions in production and fabrication expenses that can be achieved using large-sized panels (lower material costs, less cutting, less pre-assembly, etc.).

· Large-sized panels require significantly fewer attachment studs (less hole drilling, less stud welding, less hardware procurement, neater job, etc.).

· 
When installing multiple panels of the same size, use a template to locate the mounting holes on both the panels and the steel decking.  This ensures the standardization and interchangeability of panels.

· Synthetic decking panels can be cut, drilled, and machined to suit any decking condition existing within the well deck.  Shipyard workers state that fabrication does not require significantly more effort than wood.  Use carbide-tipped tools when cutting, drilling, and machining synthetic decking.

· 
The extensive durability of synthetic decking means that panels likely will not need to be removed for many years.  Take advantage of this potentially maintenance-free situation.  Avoid removing panels unnecessarily and reduce future maintenance costs by ensuring that an adequate preservation job is done to the steel structure prior to assembling the panels.
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Table 1.  Summary of Synthetic Decking Material Physical Property Requirements
Properties
Units
Requirements
Test method

Operating temperature
°F

(°C)
-20 to 125

(-28.9 to 51.7)
N/A

Flame spread
Is
25
ASTM E 162

Smoke density
Dm
450
ASTM E 662

Impact resistance
inch-pound/inch 

(J/m)
45

(202.5)
ASTM D 256

Coefficient of friction

Dry condition

Wetted with water condition

Wetted with oil condition
Dimensionless

units
0.75

0.75

0.75
UL 410

UL 410

UL 410

Water absorption
Percent increase
1.0
ASTM D 570

Chemical resistance

Firefighting fluid

Hydraulic fluid

Aviation fuel

Lubricating oil
Gasoline
Percent increase in weight and dimensions
0.50 wt/0.10 dim.

0.50 wt/0.10 dim.

0.50 wt/0.10 dim.

0.50 wt/0.10 dim.

0.50 wt/0.10 dim.
ASTM D 543

ASTM D 543

ASTM D 543

ASTM D 543

ASTM D 543

Compression set
Percent
10.0
ASTM D 621

Color
N/A
Black
Visual

Paintability
N/A
Pass
TT-E-489


� EMBED Word.Picture.8  ���





SIMULATED LCU BOW RAMP





30 mph


VELOCITY





HIGH TRACTION SURFACE





2.5 IN.


OR


3.5 IN.





WIDTH SPECIFIED





Damaged


Wood


Planks











Synthetic Decking Planks





CUT TO �SUIT DURING


INSTALLATION





5-7/8”





13 WOOD PLANKS


TOTAL








2” X 6” SLOT


FOR LIFTING


RAFT





S.S. ROD FOR


ASSEMBLING


WOOD PLANKS


INTO A RAFT





12.5” X 12.5”


CUT-OUT FOR CLOVERLEAF





6’-0”





16’-0”





ATTACHMENT HOLES


6 PER PANEL


24 REQ’D TOTAL





NOTE: EACH OF


THE FOUR LARGE


SIZED PANELS ARE


IDENTICAL





12.5” X 12.5”


CUT-OUT FOR CLOVERLEAF





4’-0”





6’-0”





16’-0”





2” X 6” SLOT AND


SHORT SS RODS FOR 


LIFTING EACH PANEL





ATTACHMENT HOLES


16 REQ’D TOTAL









































Test Car





Batter-


Board


Deflec-tion








Test


Car








Association of Scientists and Engineers

36th Annual Symposium - _23 April 1999

Association of Scientists and Engineers

36th Annual Symposium - 23 April 1999

2
Association of Scientists and Engineers

36th Annual Symposium - 23 April 1999

3

_995806195.doc
[image: image1.png]






