WHAT DO YOU KNOW A BOUT ARAMID MOORING LINE?PRIVATE 


by Orlando Casillas and Wade N. Cohen


All mooring lines can be extremely dangerous when under tension.  Undetected overload conditions may cause lines to fail with little warning.  Parted lines can snap back, causing serious injuries or death to personnel, and catastrophic damage to equipment.  Some years ago the Navy, in conjunction with rope manufacturers, worked to develop a new and safer line.  The result: four-strand aramid mooring line with built-in advance warning of failure.


The Navy began using aramid mooring line in the late 1980s.  When Fleet users reported problems and complaints concerning the use of the line, the Ship Systems Engineering Station of Carderock Division, Naval Surface Warfare Center (NSWCCD-SSES) conducted an investigation.  NSWCCD-SSES found that while some of the Fleet complaints were related to the actual design of the line, one of the problems seemed to be a lack of information and understanding on the special use and handling of aramid line.  The purpose of this article is to supplement information on aramid mooring line that has been previously issued to the Fleet but may not have been widely circulated among ships’ crews.

Characteristics of four-strand aramid mooring line
( Less than six percent stretch at breaking strength (similar to wire rope) compared to 30 to 65 percent stretch for other synthetic mooring lines in Naval use (e.g., three strand polyester, double braided nylon).

( Stores less energy and therefore is less prone to snap back than other synthetic lines.  This is due to the low percentage of stretch at breaking strength.

( Designed with a safety feature to give line handlers an advanced warning of failure.  One strand is designed to break before the other three, as opposed to the four strands parting all at once.  This sequential failures helps release energy gradually.

( Associated advance-failure indicators include a loud bang and a cloud of smoke.


Line lengths of 50 feet are tested to ensure that the above properties are present in aramid mooring line purchased by the Navy.  Lines longer than 50 feet could exhibit some snap-back.

WARNING!  A line subjected to unusual conditions - for example, a sheared line - or a line subject to a sudden overload condition, may not perform as tested.  Don’t bet your legs or your life that any mooring line is completely safe!
Advantages and disadvantages
Primary advantages of an aramid mooring line compared to conventional synthetic line (nylon or polyester) are:

( Sequential failure reduces snap back and should give the handler time to react (i.e., he/she can get out of the way or can s lack off the line).

( The lightweight, smaller diameter lines are easier to handle, and less storage space is required.

( Elongation is low (less than six percent at minimum breaking strength), thus making a ship less likely to lose its brow when the wind is blowing the ship away from the pier.

( Aramid line does not fuse and smoke when surged a round the bitts.  

Some significant disadvantages of aramid mooring line are:

( During heavy weather mooring, their low stretch will require more tending than other synthetic lines.

( Tattle-tale cords cannot be used to determine the strain of the line due to low stretch.

( They do not share the load as readily as nylon or polyester lines, and thus it may be difficult to balance the loading of all the lines in use.

( Their outer jacket is susceptible to chafing.

( Their cost is higher than nylon or polyester synthetic lines.

( Aramid line must be stored on mooring reels; bin stowage is unsatisfactory.

( It does not tolerate small bend radii as well as nylon or polyester lines (e.g., around recessed shell bitts).

Navy use of aramid mooring line
In 1988 a trial program was established to evaluate performance of aramid mooring line on Navy ships.  USS MISSISSIPPI (CGN 40), the primary test ship, was outfitted with a complete set of aramid lines; two other ships were also selected for trial use of the lines.  The evaluation included removing one line from service at approximately 14 to 18 month intervals, and then testing the characteristics of the line.  After three years of monitoring the lines from the USS MISSISSIPPI for seven years was evaluated and found to have retained approximately 60 percent of its original strength.  This is consistent with the performance of other synthetic lines which also experience strength reduction with age and use.


Based on a review of procurement records, more than 100 Navy ships have used or are currently using aramid mooring line.  Most newer ships are being outfitted with aramid line by the ship builder in accordance with ship specifications.  Other ships have converted to aramid line from standard synthetic lines.  A few ships which were not satisfied with the aramid line have gone back to using standard synthetic lines.


Fleet users give both positive and negative feedback on the use of aramid mooring line.  Positive feedback centers on the ease of handling and superior performance.  Negative feedback includes parting of mooring lines, little warning of strain when loading the lines, and the inability to resist chafing as compared with other synthetic lines.  Again, while some of these complaints are related to the design of the line itself, many of the problems seem to be because of insufficient crew training and/or knowledge concerning the characteristics, handling, splicing techniques, maintenance, and inspection of the line.  For example, use of aramid line in configurations with sharp radii or bends will lead to strength reductions and/or premature failure.

Proper handling
Normal use of aramid mooring line is similar to the use of other mooring line. However, several precautions are necessary due to differences in the way aramid line performs as compared with conventional mooring lines.


When using aramid mooring line:

( Do not mix lines of different materials or construction.

(Be sure to properly unwind the rope from delivery reels onto the ship’s hawser reels.  Since new aramid line has similar construction to wire rope, it is installed on reels in the same manner as wire rope. [Note: NSTM, Chapter 613-1.9, Care and Preservation of Wire Rope, identifies the proper procedure.]

( Be aware of the low stretch property of aramid line.  Aramid line will not stretch appreciably when pout under load.  Thus load should be carefully controlled to avoid excessive tension of the line.  Line handlers should frequently check the line until they have a feel for the load.  Checking the line means allowing only enough line to render around the bitts to prevent the line from parting.  Don’t hold a line while a ship has movement!  A parted line serves no useful purpose and is definitely a safety hazard.

( The outer jacket of aramid mooring line is highly susceptible to chafing.  Using chafing gear where the line passes through chocks and in the eye of the line.  Also to minimize chafing, ensure that bitts, chocks, and bollards have a smooth finish. [Note: NSWCCD-SSES is presently working with rope manufacturers to improve outer jacket chafing resistance.]

( Observe all standard safety precautions for handling lines under tension.  Regardless of the safety features of aramid mooring line, it must be treated with the same respect given to other lines under tension.  


If aramid mooring line under tension gets hung up on an object, use all necessary precautions to free this line.  Aramid mooring line in this situation will experience a “bow string” effect the same way as conventional synthetic lines.  This could cause catastrophic results. [Note:  See NSTM, Chapter 582-4.1.1, Mooring and Towing.]

( If you notice the parting of the first strand of an aramid mooring line, you may have an opportunity to protect yourself by: (1) returning the capstan to neutral or zero stroke; or (2) dropping the line and running for cover.  Remember, you will have only a short time to react before the second strand or the remaining three strands part!
 Again...Don’t bet your legs or your life that any rope is completely safe! 
Procurement
Some mooring lines used in the Fleet do not meet specification requirements..  New aramid mooring lines should be procured directly from the navy stock system.  Line acquired from non-approved sources, i.e., outside the Navy stock system, may not meet specifications.  Table 1 provides a cross reference between other synthetic mooring lines and aramid mooring line. [Refer to COSAL, SIB, or AELs to determine proper type and line sizes.]

Maintenance
Follow Maintenance Requirement Card (MRC) 32-8UES-N to perform routine maintenance.  This requires inspection of each aramid mooring line for cuts, abrasions, snagging, stiffness, badly worn areas, cockles or hockles, and for accumulation of oil or grease.  In addition the MRC includes the correct procedure for repairing aramid mooring line.

Use of correct eye splice
A Sailmaker’s Eye Splice [refer to NSTM 613, Figure 613-2-7] should be used to form the eye of an aramid mooring line, since this is the type of eye splice recommended by the suppliers of aramid line.  Using an improper eye splice can reduce the strength of the mooring line by more than 20 percent.


Eye splices consist of three main components: the eye, the individual strands, and the standing part of the rope.  The eyes in mooring lines are normally 6 to 10 feet long, depending upon the size of the fittings (i.e., bollards, bitts, or cleats) used.  The rule of thumb for the
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Table 1.  Aramid Mooring Line Replacement
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TYPE OF ROPE

Size - Circumference (inches)

Minimum


Breaking


Strength


(lbs)

National Stock


Number (NSN)


(Aramid Rope -

CID A-A-50435)

AEL

PRIVATE 
A
B
C
D
E




4-1/2
4
4
4
3-3/8
50,000
4020-01-338-7005
2-260024067

5
4-1/2
4-1/2
4-1/2
3-1/2
60,000
4020-01-338-7499
2-260024070

5-1/2
5
5
5
3-3/4
70,000
4020-01-338-7006
2-260024069

6
6
5-1/2
6
4-1/8
96,000
4020-01-339-1571
2-260024068

7
7-1/2
7
7
4-3/4
135,000
4020-01-338-7003
2-260024076

8
9
8
8
5-3/8
180,000
4020-01-338-7007
2-260024071

9
10
9
9
5-7/8
225,000
4020-01-339-5150
2-260024072

2-260024077

10
11
10
10
6-1/4
280,000
4020-01-338-7008
2-260024073

11
12
11
11
7-5/8
350,000
4020-01-338-7009
2-260024074

12
13
12
12
8-3/16
420,000
4020-01-338-7010
2-260024075


Type of Rope:


A
Rope, nylon (3-strand) - MIL-R-17343


B
Rope, nylon (plaited) - MIL-R-24377


C
Rope, nylon (double-braided) - MIL-R-24050


D
Rope, polyester (double-braided) - MIL-R-24677


E
Rope, aramid (4-strand) - CID-A-A-50435

Note: The table above identifies the proper size of aramid mooring line that can be used to replace a standard synthetic mooring line.  The minimum breaking strength (in accordance with CID A-A-50435) of various sizes of aramid mooring line is noted, along with other procurement data for aramid line.  In identifying a replacement size aramid line, the breaking strength of the lines should be as close as possible in strength.  This will ensure that the line selected provides a nearly equivalent maximum load which will not exceed the design capacity of the system.  The table shows the sizes of the standard synthetic lines which correspond to each available size of aramid mooring line.   [Refer to NSTM 613, Table 613-2-5.]
0
preferred length of the eye is five times the diameter of the fitting.  This prevents uneven loading of the eye. [Note: The eye requires chafing gar for abrasion protection.]

Construction procedure
( Step 1.  Measure a distance of eight times the rope circumference f rom the end of the rope.  Mark with a temporary whipping.  This segment will be used to make the splice.

( Step 2.  Determine the eye size and form a loop which places the first whipping on the standing part at the end of the eye.  Mark with a second temporary whipping.  This segment will be used to form the eye.  Install chafing gear (e.g., fire hose) between the first and second whippings.

( Step 3.  Unlay the strands of the rope to the first whipping and cut out the center core.

( Step 4.  Looking in the direction of the standing part of the rope:

    · Tuck the first strand under the top two strands of the standing part from left to right, with the lay starting at the base of the second whipping.

    · Tuck the second strand under the next strand of the stranding part with the lay.

    · Turn the rope over, and tuck the third strand under the next strand of the standing part with the lay.

    · Tuck the fourth strand under the next strand of the standing part with the lay.  This forms a full tuck.  Ensure that all working strands are pulled tight and free of twists.

( Step 5.  Continue tucking all four strands in succession over and under the strands of the standing part for a total of six full tucks.

( Step 6.  Taper an additional two tucks by cutting approximately 1/3 of the fibers for each tuck.

( Step 7.  Using a light strain, set the splice.

( Step 8.  OPTIONAL (but preferred for a cleaner look): Marry the working strands using an inside whipping under the strands of the standing part at the lasts full tuck.

( Step 9.  Cut the remaining tail off about two inches from where the strands exit the splice.  (If the strands are cut to close, they can work loose or out, causing the splice to slip.)

( Step 10.  Whip the bottom of the splice with polyester whipping.

Cost
Aramid mooring line costs between two and three times more than conventional 3-strand nylon mooring line, and is slightly higher in cost than double-braided polyester line.  However, the safety advantages of aramid mooring line are such that ships should make an effort to convert to aramid line whenever possible.

Conclusion
Aramid mooring line was introduced into Navy service to improve safety of line handling evolutions.  Experienced Sailors who have worked with aramid line and are familiar with it recognize its benefits over conventual synthetic line.  Lack of understanding regarding the differences between aramid and conventional line has led some Sailors to feel uncomfortable using the aramid line and its characteristics, along with additional training, should address most of these handling concerns.  NAVSEA and NSWCCD-SSES are continuing to work with producers of aramid line to make design improvements and address Fleet concerns.

Additional Information
Revision 2 of NSTM Chapter 613 provides a greater level of detail concerning use, handling, and maintenance of aramid mooring line.  It also details the procedure for constructing a Sailmaker’s Eye Splice.


A new training video [Aramid Fiber Rope Safety Guidelines, Production Identification Number (PIN) 805494] which explains characteristics, handling, splicing, maintenance, safety precautions, and inspection of aramid line, was recently issued.  Copies of the video were distributed to training centers, TYCOMs, and the Naval Safety Center.  Additional copies are available through:

( Director, NETPMSA Norfolk Regional Electronic Media Center, 9770 Decatur Avenue, Suite 250, Norfolk, Virginia 23511-3292; DSN: 564-4011; commercial: 804-444-4011; fax: 804-444-3711.

( Director, NETPMSA San Diego Regional Electronic Media Center, 921 West Broadway, San Diego, California 92132-5105; DSN: 522-1325; commercial: 619-532-1325; fax: 619-532-1130.

For further information on mooring related matters, please contact Orlando Casillas, NSWCCD-SSES Philadelphia; DSN 443-8472; commercial: 215-897-8472; fax: 215-897-1487; e-mail: Casillas@Mailgate.Navsses.Navy.Mil

Orlando Casillas and Wade Cohen are mechanical engineers responsible for in-service engineering on anchor handling and mooring systems at NSWCCD Ship Systems Engineering Station, Philadelphia.


