LESSON 15 

ROPES AND KNOTS
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CLASS ASSIGNMENT

Prior to this lesson:
Read Firefighter's Handbook, Chapter 15, pages 388-426

Length:
2 hours, 40 minutes (Allow an additional 3 hours for skills practice).

Equipment/Supplies:
Course outline


Transparency masters--Chapter 15


PowerPoint Presentation--Chapter 15


Overhead projector, slide projector, or LCD display


Ropes and assorted tools

OBJECTIVES

After completing this lesson, students should be able to:

· Identify the different materials that fire service rope is constructed from and their characteristics.

· Describe the difference between life safety rope and utility rope.

· Define the basic terminology used when discussing ropes and knots.

· Identify the basic knots used by the fire service, how to tie each of them, and their uses.

· Describe the proper methods of inspection, maintenance, and storage of ropes.

· Describe the method of rigging basic firefighting equipment to be hoisted.

INTRODUCTION

Firefighter's Handbook, page 390 

Time: 10 minutes
Key Points

· Rope is one of the most important and routinely used tools in the fire service.

· Firefighters need to know the primary uses of rope in the fire service, how to tie the knots utilized in the fire service, and how to properly inspect, maintain, and store rope.

ROPE MATERIALS AND THEIR CHARACTERISTICS

Firefighter's Handbook, pages 390-393

Time: 15 minutes

Key Points

· Rope is constructed from a wide variety of natural and synthetic materials.

· Some materials present characteristics that make them perfect for specific applications while rendering them useless for other applications.

· NFPA 1983 sets the minimum standards for ropes and related equipment used in the fire service.

Natural Materials

· The materials that fall into this category include manila, sisal, and cotton.

· Manila rope is made from the fibers that grow in the leafstalk of the abaca plant.

· Although the rope appears to be one continuous length, it is actually innumerable short fibers twisted together.

· Manila rope is available in different types, with Type I being the higher quality and the one used the most often by fire departments.

· For years it was common practice to soak new manila rope in water to make it more limber.

· This practice actually reduced the rope's strength by approximately 
50 percent.

· Sisal is another fiber obtained from plant leaves.

· Ropes made of sisal fiber have approximately 25 percent less tensile strength than manila fiber ropes of a similar diameter.

· Cotton fiber rope is made from the seed hairs obtained from the cotton ball.

· Due to the shortness of the fibers relative to manila or sisal, and its susceptibility to damage from abrasion, its tensile strength is much lower.

Synthetic Materials

· Nylon, polypropylene, polyethylene, and polyester are the primary materials used in rope manufacturing.

· These materials have excellent properties resisting rot, mildew, and natural degradation due to age.

· Another major advantage is that the fibers making up synthetic ropes are continuous from end to end.

· Nylon ropes are constructed of the same type of filament configured in multifilament bundles.

· Negative properties of nylon include its susceptibility to damage by acids, the loss of up to 25 percent of its strength when wet, that it stretches when under load, and will not float on water.

· Ropes constructed from polypropylene are primarily used for water rescue operations by the fire service.

· Water has no effect on the strength of polypropylene rope, and it will float.

· Polypropylene ropes have a low melting point, low resistance to abrasion, are susceptible to damage from sunlight, and have a relatively low breaking strength.

· Polyethylene ropes have similar properties to polypropylene ropes. However, they will float indefinitely and can be purchased in bright colors.

CONSTRUCTION METHODS AND THEIR CHARACTERISTICS

Firefighter's Handbook, pages 393-394

Time: 20 minutes

Key Points

· Modern ropes use a number of different construction techniques, each with its own particular set of characteristics.

· Construction technique and the type of fiber used combine to determine a rope's properties.

· Static ropes have very little elongation at normal safe working loads.

· Dynamic rope has a higher degree of elongation at normal safe working loads.

Laid (Twisted)

· This type of construction is the most common type for natural fibers.

· Laid ropes are formed by twisting individual fibers together to form bundles.

· A major drawback to this type of construction is that with all of the twisting to form the strands, every fiber is exposed on the outside of the rope.

· The one real advantage of laid rope is that because all the fibers are exposed it is easy to inspect.

Braided

· The braided method of rope construction is utilized predominantly with synthetic fibers, although there are some natural fiber braided ropes.

· Weaving small bundles of fibers together uniformly and systematically forms braided ropes.

Braid-on-Braid

· Braiding a sheath over smaller braided core forms this type of rope.

· Ropes of this construction method tend to be quite dynamic, and most have a soft sheath that is more susceptible to damage from abrasions.

Kernmantle

· In a kernmantle rope, the kern generally carries the vast majority of the load, accounting for approximately 75 percent of the strength of the rope.

· The mantle makes up the remaining 25 percent of the rope strength.

· Kernmantle ropes can be either dynamic or static, depending on the configuration of the fibers of the kern.

· Kernmantle ropes tend to be quite resistant to abrasion and other forms of physical damage, since the main strength of the rope, the kern, is protected by the mantle.

PRIMARY USES

Firefighter's Handbook, pages 394-396

Time: 20 minutes

Key Points

· The fire service tends to use rope on a regular basis for a few tasks and operations that can be divided into two classifications.

· Rope is either used for utility or life safety.

· Firefighters need to be familiar not only with the individual department's standard utilization but with as broad a range of uses as possible.

Utility

· Ropes used for utility purposes only have no standard materials, required strength, safety factors, number of uses, associated hardware, etc.

· The department should use good judgment and look at the tasks for which the ropes will be used.

· The firefighter should become intimately familiar with the common uses of rope within the firefighter's own department.

Firefighting and Rescue Uses

· Ropes used for structural search and rescue guide ropes and other non-life-supporting operations do not fall into the category of life safety ropes according to NFPA 1983.

· Ropes, harnesses, and hardware utilized anywhere that there will be a life supported must comply with NFPA 1983.

· Standard 1983 categorizes life safety ropes as one- or two-person ropes and sets minimum tensile strength requirements.

FIRE SERVICE KNOTS

Firefighter's Handbook, pages 396-410

Time: 30 minutes
Key Points

Nomenclature of Rope and Knots

· The working end is the end of the rope that is utilized to tie the knot.

· The standing part is all of the rope that is not used to tie off.

· The running end is the end of the rope that is not tied off, the end used for work such as hoisting a tool.

· A round turn forms by continuing the loop on around until the sections of the standing part on either side for the round turn are parallel to one another forms a round turn.

· A bight is a doubled section of rope.

· A loop is a turn in the standing part that crosses itself and results in the standing part continuing on in the original direction of travel.

Knots

Instructor's note: The following section does not include key points. Instead, the instructor should demonstrate how to tie the knots listed below.

· The following knots are used in the fire service:

· Half hitch.

· Overhand (Safety) knot.

· Clove hitch in the open.

· Clove hitch around an object.

· Becket bend.

· Double Becket bend.

· Bowline.

· Figure eight knot.

· Follow-through figure eight knot.

· Figure eight on a bight.

· Rescue knot.

· Water knot.

Instructor's note: You may have to add additional knots used locally.

INSPECTION

Firefighter's Handbook, pages 411-412

Time: 20 minutes
Key Points

· All ropes must be inspected and properly maintained to ensure that they are in good shape for use during an emergency.

· It is also recommended that all inspections of life safety rope be logged on a life safety rope inspection log.

· In order for an inspection log to be useful, the ropes themselves need to be individually identified.

· If a life support rope is found damaged, or a firefighter suspects it is, it should be immediately removed from service.

· Ropes should be inspected along their entire length.

· All ropes should be visually inspected for damage such as abrasions, laceration, chemical exposure, melting, and excessive fuzzing.

· Firefighters should not wear gloves when inspecting and storing a rope, because they are feeling for damage that may not be felt while wearing gloves.

Laid (Twisted)

· When inspecting laid rope, look and feel for any damage.

· When untwisting the strands of a natural fiber rope, the main problems to watch for are sand, small gravel, etc.

· The presence of mildew is not necessarily a terminal problem if found early enough, but if the presence of rot and mold are found, the rope should be removed from service.

Braided

· Braided rope should be inspected visually and tactilely like the others.

· With braided rope, all strands appear on the surface somewhere along the rope.

Braid-on-Braid

· There is no way of inspecting the inside braided rope.

· The firefighter needs to pay careful attention to the tactile part of the inspection.

· The outside braid will sometimes slip over the inner braid.

Kernmantle

· There is no way of inspecting the kern of the rope.

· Be alert for any change in the regular uniform feel of the rope as it is run through ungloved hands.

· Irregularities that can be discovered in a thorough tactile inspection include flat spots, voids, bunches, stiffness, and limpness.

MAINTENANCE

Firefighter's Handbook, pages 412-420

Time: 20 minutes
Key Points

· Proper maintenance of utility and life safety ropes is required in order to ensure that they are available, safe, and ready for immediate use at an emergency scene.

Cleaning

· The best policy for cleaning ropes is to follow the manufacturer's instructions.

· The cleaning of natural fiber rope is very difficult because water cannot be utilized.

· Firefighters are limited to brushing off the loose dirt and foreign materials with a stiff broom or brush.

· Ropes manufactured from synthetic materials can be cleaned using tap water at cold temperatures.

· If detergent use is necessary, use only mild detergent that has been well diluted.

· The most basic method of washing rope is to wash it by hand, using a large utility sink, bucket, or hose and scrub brush.

· If detergent is used with any of these methods, make sure that all residue is removed.

· A number of different rope washers are available for purchase.

· If using a clothes washing machine to wash ropes, it is very important to make sure that the machine itself cannot damage the rope.

· The rope must be dried prior to being stored.

· Laying the rope flat or hanging it will dry the rope.

· Some departments use clothes dryers as a viable alternative for drying rope.

Storage

· Quick identification is very important so that a firefighter can rapidly select the proper type of rope and length required for a given application.

· Quick access normally is not too big of a problem on fire or rescue apparatus.

· The standard coil that has been used by the fire department for years will work equally well with either natural or synthetic ropes.

· The utilization of special bags for the storage of ropes is now available.

· Ideally, rope bags should have attached watertight storage for the rope log.

· The rope is stored in the bag by stuffing it rather than coiling it into the bag.

RIGGING FOR HOISTING

Firefighter's Handbook, pages 420-424

Time: 15 minutes

Key Points

· One of the primary uses of rope is for the hoisting of tools and equipment.

· Anything that has a closed handle can be hoisted with a figure eight or bowline, while longer cylindrical tools can be hoisted using a clove hitch and half hitches.

· Some departments may have policies requiring the use of tag lines, which are ropes held and controlled by firefighters on the ground.

SKILL PRACTICE

Time: 3 hours

Students need to be able to form the following knots:

· Half hitch.

· Overhand (Safety) knot.

· Clove hitch in the open.

· Clove hitch around an object.

· Becket bend.

· Double Becket bend.

· Bowline.

· Figure eight knot.

· Follow-through figure eight knot.

· Figure eight on a bight.

· Rescue knot.

· Water knot.

Students need to be able to perform the following rope skills:

· Hoisting an ax.

· Hoisting a pike pole.

· Hoisting an uncharged hoseline.

· Hoisting a charged hoseline.

· Hoisting small equipment (fan, saws).

· Hoisting ladders.

· Tying a rope between two objects.

· Coiling a rope.

· Bagging a rope

1.
Have instructors demonstrate the various rope skills.

2.
Break students into teams if not already done.

3.
Rope skills work well if skills are divided into stations.

4.
Each assistant instructor should have a set of skills for students to practice.

5.
Have teams rotate to each station.

6.
Use the Candidate's Progress Log, Section C, Part B, of the instructor's manual, to track students' skill completion.

WRAP-UP

Time: 10 minutes

Key Points

· The information provided here is a basic understanding of rope techniques only.

· Firefighters should regularly practice knot tying and rope uses.

· Proper maintenance is essential to ensure the safe use of ropes.

· Ropes need to be inspected regularly and taken out of service if damaged.

Assignment

· Read Chapter 16 in Firefighter's Handbook, pages 427-470

· Optional: Complete Firefighter's Handbook Workbook, Chapter 16

Instructor Preparation

PowerPoint Presentation--Chapter 16

Transparency masters--Chapter 16

Overhead projector, slide projector, or LCD display

Ropes

