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	The American Waterways Operators

Coastal Safety Committee


TO:

All Captains and Mates

FROM:
AWO Coastal Safety Committee

SUBJECT:
Lesson Plan on Line Handling- Type of Line/Construction

The attached lesson plan covers types of lines/construction; size; breaking strength and maximum safe working load.  The goal of the plan is to familiarize you and help you understand the importance of the types of lines.  

This lesson plan contains general information.  Different types of tugboat and towboat operations (ship assist, dredging, etc.) have specific procedures that are not covered in this lesson plan.

Please use the enclosed materials to conduct a vessel safety meeting in accordance with your company’s policy.  If you have any questions, contact your company’s safety office.

Rick Kimberly

Chairman, AWO Coastal Safety Committee

Attachments

1) Safety Meeting Guide – Line Handling: Type of Line/Construction

2) Practical Demonstration

3) Practical Demonstration Checklist

4) Lessons Learned Submission Form

5) Safety Meeting Follow-Up Form

SAFETY MEETING LESSON PLAN – INSTRUCTIONS FOR CONDUCTING LINE HANDLING TRAINING: 

TYPE OF LINE/CONSTRUCTION

Step I: Preparation

· Make sure all the materials listed above are included in this package.

· Review all the material before conducting the meeting.

Step II: Presentation

· Gather the crew.

· Conduct the meeting (approximately 15 – 20 minutes).

Step III: Follow Up

· Ask crewmembers to share a “near miss” or lessons learned.
· Log the record of the meeting as per your company’s policy.
· At the end of the meeting, complete the Safety Meeting Follow-up Form and return it as per company policy.
· Retain the Lesson Plan information for future use and reference.
NOTE!  PLEASE CONTACT YOUR COMPANY’S OPERATIONS OR SAFETY DEPARTMENT IF YOU HAVE ANY QUESTIONS OR SUGGESTIONS CONCERNING THIS LESSON PLAN.

Note!  This lesson plan and all the material it contains should be considered suggestions and helpful hints to assist you in conducting your vessel safety meeting.  You are encouraged to use your own words and experiences when presenting the material contained in this lesson plan.

SUGGESTIONS FOR CONDUCTING THE MEETING

I. Discuss the objectives of the lesson plan:

1. To explain types of line/construction.

2. To identify breaking strength and maximum safe working load. 

3. To share and collect “lessons learned.”

II. Deliver the training.  (The script is in bold italic.)  

This lesson plan is an introduction to the types and construction of fiber lines.  Since fiber lines may present a risk to crewmember safety, it is important to know about the types of lines and their characteristics, especially their breaking strengths and maximum loads and safe working loads.

The information contained in this lesson plan is general information.

There are several types of line used in our operations:

· Natural Fiber

· Synthetic

· High strength synthetic, e.g., Spectra®

These lines are constructed in two basic ways:

· Laid or stranded (3-, 6-, 8- and 12-strands)

· Braided

The construction of line is a story of layers.  Individual fibers are twisted into yarns, the yarns are twisted into strands and the strands are twisted into line.  Right-laid is twisted clockwise and left-laid is twisted counterclockwise.  The fibers are twisted in the same direction as the strands; however, the yarns are twisted in the opposite direction.  This right, left, right for right-laid line helps give strength, keep the line from kinking, and hold its shape.

The other type of construction is braided line.  This type of line does not stretch to the degree that twisted (stranded) line does, and is more difficult to splice.  Braided line also tends to snag when used as docking line if the pilings are rough.  However, it goes through a pulley or block very well because of its rounded shape, and is stronger than its equivalent-sized stranded line.  

There are several types of braided lines.

· Braid on Braid has a braided core inside a braided sheath – it will stretch less, and has less flexibility than a hollow braid.

· Multibraid is braided with 2 pairs of right-laid and 2 pairs of left-laid strands – it is flexible and does not kink.

· Parallel Core has a braided sheet over a core of straight or lightly twisted yarns – it is very strong.

· Hollow Braid has no core – it is very flexible but can flatten during use.  It is only found in small-sized rope.

Let’s go over each of these types of lines and talk about their various sizes, strengths, loads and typical applications.

Natural Fiber

Natural fibers such as manila, sisal, hemp and cotton will shrink when they get wet and also tend to rot or become brittle.  Manila is still used today on large ships and is the best natural fiber for mooring lines, anchor lines and as running rigging.  Manila has a minimum of stretch.  However, it has only about one-half the strength of a comparable-sized synthetic line.

Synthetic

One popular material used to make line today is nylon.  It is strong, holds up well to the weather and stress and coils without kinking.  Nylon rope has a lot of stretch (up to 40 percent) and is very strong for its size, allowing it to absorb shock loads well.  However, when it is wet, it can lose up to 25 percent of its strength.  It wears well, resists mildew and rot, and does not float.

Synthetic lines are lighter, stronger and more rot-resistant, generally, than natural fiber lines.  Synthetic lines are slipperier than natural fiber ropes so be sure to check your knots to make sure they are secure.  Synthetic lines should be cleaned with freshwater and detergent, kept out of sunlight, inspected frequently for signs of deterioration, and stored dry.

Synthetic lines can be used for mooring lines, shock lines, and life lines.

High-Strength Synthetic

New technologies have improved the manufacture of synthetic lines.   These new materials, such as Spectra® and Plasma®, have improved strength and durability over traditional synthetic fibers, such as Nylon, polyester and other co-polymers, as well as reduced stretching.

High-strength synthetic lines are also used for mooring lines, shock lines, and life lines.

Size

Sizes are determined by diameter (or thickness) up to about ¾ -inch line, and larger lines are described by circumference (or distance around the line).  The lines we use in our industry range from ¾-inch diameter line, also called “small stuff,” to 10-inch circumference working lines.

Rope Breaking Strength

Each type of line has a different breaking strength and safe working load.  The natural breaking strength of manila line is the standard against which other lines are compared.  Synthetic lines have been assigned “comparison factors” against which they are compared to manila line.  The basic breaking strength factor for manila line is found by multiplying the square of the circumference of the line by 900 lbs.

(900 lbs. X circumference2 = breaking strength)

Circumference can be calculated by the following formula:

Circumference = pi (3.14) X diameter

For example, to find the breaking strength of ½-inch manila line, first calculate the circumference (.5 X 3.14 = 1.57).  Then, using the formula above:

900 X 1.572 = 2,218 lbs. of breaking strength

To calculate the breaking strength of synthetic lines, you need to add one more factor.  Since synthetics are stronger than manila, an additional multiplication step is added to the formula above.

(Comparison factor X 900 lbs. X circumference2 = breaking strength)

This is a comparison chart for synthetic lines.

	Line Material
	Comparison factor (greater than manila)

	Nylon
	2.5

	Dacron
	2.0

	Polypropylene
	1.4


Knots and splices will reduce the breaking strength of a line by as much as 50 to 60 percent.  The weakest point in the line is the knot or splice.  However, a splice is stronger than a knot.

Just being able to calculate the breaking strength does not give a safety margin.  The breaking strength formula was developed on the average breaking strength of new line under laboratory conditions.  Without straining the line until it parts, we do not know if that particular piece of line was above average or below average.

That is why there is another characteristic of line: the safe working load.

Safe Working Load

Knowing the maximum safe working load for line can help prevent accidents and tragedies.  A line should never be stressed anywhere near its breaking strength.  Line is spliced, stretched and worn down, and it is subjected to sustained loads, shock loads, loads of many times the recommended working load, and great heat or ultraviolet light.  All of these factors cause it to lose some of its strength.  Each line should be inspected prior to using it in extreme conditions, and if deterioration is found, it should not be used.

Line manufacturers’ specifications are based on break tests conducted on new and unused line.  The strength of the line decreases once it is put into use.

Maximum safe working loads are usually calculated by dividing the MTS by the safety factor.  The safety factor is a function of the physical properties of the line, its age and history, the type of service for which it is to be used, and the risks involved if failure occurs.  The safety factors vary from a minimum of a 3:1 ratio, where new line is being used in a static environment and failure would cause little or no risk to personnel or equipment, to as high as a 20:1 ratio, where severe conditions exist or where failure of the line could cause severe risk to personnel and equipment.

Safe working load is generally thought of as no more than one-fifth (1/5) of a line’s breaking strength.  In other words, the breaking strength should be five times the weight of the object the line is going to hold.

But, if any of the following adverse conditions exist, the high end of the safety factor should be used:

· Smaller sized ropes are used (damage occurs more quickly by cuts, abrasion and sunlight)

· The maximum loading is not known

· Dynamic loading is likely to occur

· The rope is subject to rapid cyclic loading

· Poor line handling proficiency

· Line is not inspected on a regular basis, or has been exposed to chemicals, high temperatures or sunlight

· Line will be bent around small radius corners or pulleys

Failure of a tensioned line is a serious hazard and can cause snapback, which can result in death or injury.  If the risk for serious damage to equipment or injury to personnel exists, the working load should be lowered substantially and the line inspected before each use.

III. Practical Demonstration

Now, we’re going to have a demonstration of what we’ve just discussed.  (Demonstrate to the crew the following items.  Have each crewmember identify the item.)

Type of Line

Natural fiber

Synthetic

High-strength synthetic

3-, 6-, 8-, 12-stranded

Braided (solid and hollow)

Double braid

Parallel core

IV. Practical Demonstration Checklist

	
	Can Identify?

	Natural fiber
	

	Synthetic
	

	High-strength synthetic
	

	3-, 6-, 8-, 12-stranded
	

	Braided (solid and hollow)
	

	Double braid
	

	Parallel core
	


V. Review the objectives of this safety meeting:

1. To explain types of line/construction.

2. To identify breaking strength and maximum safe working load. 

3. To share and collect “lessons learned.”

VI. Hold a discussion/share “lessons learned.”

· Encourage an open discussion of this subject between crewmembers, asking them if they think they understand the information contained in this lesson.

· Relate any of your experiences.

(Script) Does anyone have any line construction lessons learned to share?  (If no crewmember offers an example, give one yourself or continue to “lessons learned.”)

 (Hand out the “lesson learned” submission forms and ask crewmembers to share their experiences for future lesson plans.)

VII. 
Fill out the safety meeting follow-up form.

LESSON LEARNED SUBMISSION FORM

Do you have a lesson learned to share as part of a future lesson plan?  You can use this sheet or submit this information in a similar format.

Type of incident:

Date:

Time:

Weather Conditions:

Location/Milemarker:

Tow make-up:

Explanation of incident:

Please give this form to your operations or safety department.  It will be passed on to the AWO Interregion Safety Committee for its “lessons learned” library.  Thank you for your contribution to making our industry safer.

SAFETY MEETING FOLLOW-UP FORM

MEETING TOPIC:  Line Handling: Type of Line/Construction
FACILITY/VESSEL ______________________________________________________

DATE OF MEETING:  MONTH: _____________   DAY: ___________   YEAR: _______

TIME STARTED: ________________    TIME ENDED: _______________

MATERIAL LISTED ON COVER PAGE RECEIVED?   YES _____  NO _____

SAFETY MEETING INFORMATION:

1.
WAS THE MEETING TOPIC TIMELY/HELPFUL?   YES _____  NO _____

2.
DID THE CREW PARTICIPATE IN THE MEETING?   YES _____  NO _____

3.
INFORMATION FOR THE MEETING WAS FACTUAL?  YES _____  NO _____

4.
DID YOU MAKE AN ENTRY IN INK IN THE VESSEL LOG DESCRIBING

 
DATE, TIME AND TOPIC OF MEETING?   YES _____  NO _____

5.
ANY COMMENTS OR SUGGESTIONS CONCERNING THE MEETING: _____________________________________________________________________

______________________________________________________________________

6.
WHAT TOPIC/TOPICS WOULD YOU LIKE TO DISCUSS IN FUTURE MEETINGS?

______________________________________________________________________

EVERYONE ATTENDING THE MEETING MUST SIGN BELOW:

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

______________________________

MEETING CONDUCTED BY: ___________________________________

DATE: ______________________________
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