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ROPE MATERIALS AND 
CONSTRUCTION 
Rope is made from either natural or synthetic material. 
Each has different characteristics that affect their use in the fire 
service (table 8–1). The first ropes used by humans, made 
of natural fibers such as live vines, were used to construct 
rope bridges. In the fire service, the natural fiber material 
first used was manila hemp (essentially dead vines). 

Natural fiber ropes were in ser vice in fire departments 
until the 1980s, when they were replaced by synthetic 
materials (fig. 8–1). In addition, a disastrous, fatal 
firefighting rope rescue failure in New York City in 1980 
focused attention on fire ser vice ropes and the need for 
a national standard on their design and use. In 1982, the 
National Fire Protection Association (NFPA) began the 
process of developing a standard that was first issued in 
1985 and is known today as NFPA 1983, Standard on 
Life Safety Rope and Equipment for Emergency Services. 
It covers ropes and their uses, that is, life safety versus 
utility, harnesses, and hardware. 

Natural materials 
There are three basic natural materials that are used for 
rope: manila, cotton, and sisal. All of the natural ropes 
suffer from the same problems: 

 Mildew 

 Rot 

 Deterioration 

 Poor abrasion resistance 

 Size-to-strength ability (natural fiber rope needs to 
be thicker to be stronger) 

 Little predictability in terms of expected strength 

Table 8 –1. Rope material characteristics 

Fig. 8 –1. Natural fiber rope is made from organic materials 
and isn’t generally used for fire or rescue purposes. 

Manila. Manila rope is made from fibers from plants. 
These small fibers are twisted together (not knotted) 
to form longer fibers. The twisting of the fibers creates 
longer and longer strands that are then twisted with 
more strands to make the natural fiber rope. There is a 
definite relationship of size (diameter) to strength. The 
thicker the rope, the stronger it is. 

Note: When looking at manila fiber rope, you can see 
numerous fiber ends sticking up out of the rope. These 
are the fiber ends that are exposed or have broken due to 
either stress on the rope or abrasion. 

Cotton. Cotton rope is made with the same cotton 
seed fibers that cotton thread is spun from. Because of 
the very short cotton fibers, the rope is soft and pliable, 
but this results in very low strength and makes the rope 
susceptible to damage by abrasion. 

Sisal. Sisal is another natural fiber that comes from 
plants. It is a very weak fiber that has less strength than 
cotton. Thus it is only used to make very small diameter 
rope. Cotton and sisal fiber ropes are used less today in 
the fire service because of the emergence and widespread 
acceptance of synthetic fiber ropes. 

Manila Polypropylene Polyethylene Nylon Polyester 

Melting or charring temperature, 375 (191) 275–300 285 (141) 400–500 450–650 
°F (°C) (135–149) (204–260) (232–343) 
Loss of strength when wet 50% 0 0 25% Minimal 
Float No Yes Yes No 
Acid resistance None High High Low Limited 
Elongation under loads Yes Yes Low 

Loss of strength, °F (°C) 180 (82) 200 (93) 230 (110) 300 (149) 300 (149) 
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Note: The quality of the fiber and the tightness of the 
twist determine the specific strength of a particular 
rope. A twisted rope leaves the three strands exposed 
to all the elements, leaving it open to damage, especially 
by abrasion. You can easily inspect twisted rope by 
looking at all surfaces for cuts and abrasions; chemical 
damage; or embedded dirt, metal, or glass pieces. Laid 
rope can be easily twisted back to expose the inside area 
and checked for debris that can damage the rope. If any 
damage is found, the rope should be taken out of ser vice. 

Braided. Braided ropes are made from natural and 
synthetic fibers. The most common and the only one the 
fire service will use is made from synthetic fibers. The 
rope is made by braiding the strands together uniformly, 
just like braiding hair. Braided rope reduces twisting 
when used for rappelling. The rope is very smooth to the 
touch, but like laid rope, the majority of the fibers are 
exposed and subject to damage (fig. 8–4). 

Fig. 8– 4. Braided rope is commonly found in synthetic rope 
used by the fire service. A drawback of this type of rope is 
that all strands are exposed to damage from abrasion. 

Braid-on-braid. Braid-on-braid is constructed by 
covering a braided rope with another braid (some 
manufacturers call this jacketed). The outer braid usually 
has a distinctive design pattern (fig. 8–5). This type of 
rope is very soft, and just like braided, it has the same 
poor characteristics. The inspection process for braided 
and braid-on-braid is mostly the same. We should look 
for cuts, abrasions, or excessive picks (fuzz) or deformi-
ties in the rope (soft spots). In braid-on-braid, we must 
also look for sliding of the inner and outer braid. If this is 
found, the rope must be taken out of service. 

Fig. 8 –5. Braid-on-braid rope has many of the same 
drawbacks as simple braided rope, except that the outer 
core creates a protective “jacket” for the rope. 

Kernmantle. Kernmantle rope is composed of two 
sections: The kern is defined as the inner core of the rope, 
and the mantle is the outer cover. There are three types 
of kerns: twisted, braided, and continuous filament fiber. 
The first two types create dynamic rope, and the contin-
uous filament fiber creates static rope. To put it simply, 
the mantle is a tightly woven outer shell that protects 
the kern. In all cases, the kern carries the majority of the 
load (strength), normally 75%–80%. The strength of the 
mantle is 20%–25%. This type of rope is primarily for 
life rescue (fig. 8–6). 

Fig. 8 – 6. Kernmantle rope is the most common fire service 
rope since it is designed for life safet y operations. 

Webbing. Webbing is not really rope, but rather woven 
fabric that is either flat or tubular (fig. 8–7). It is often 
used for slings and anchoring. Some firefighters carry 
small-width webbing instead of personal rope. Webbing 
can be used to aid in securing loads, dragging trapped 
people, and lowering loads. One of the advantages of 
webbing is that it loses very little of its strength when 
bent correctly around a carabiner. 
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Overhand (safety) knot. This is used as a backup to the Clove hitch (closed) knot. This is the same as the open 
primary knot. The overhand knot prevents the loose end version, but used when there is no open end of a rope. 
of the rope from walking out of the primary knot, so that The closed clove hitch should always be backed up with 
it does not untie (fig. 8–9). a safety knot (Fig. 8-11b). 

Fig. 8–9. An overhand safety knot is used to provide a 
margin of safety with other knots. 

Half hitch. Always used in conjunction with another 
knot, the half hitch is effective at securing and hoisting 
long tools, such as a pike pole. The half hitch keeps the 
tool stabilized as it is lifted to an upper floor window 
(fig. 8–10). 

Fig. 8–10. A half hitch being used to hoist an axe 

Clove hitch (open). Basically, the clove hitch is two half 
hitch knots. The clove hitch secures tools or posts with 
the hitch, using the open end of the rope (fig. 8–11a). 

Fig. 8 –11a. An open clove hitch 

Fig. 8-11b. A closed clove hitch 

Becket bend. With the becket bend, two ropes of 
unequal diameter are tied together. This knot places a 
bight in the larger-diameter rope to join to another rope 
or to a chain. The becket bend should not be used for life 
safety procedures (fig. 8–12). 

Fig. 8 –12. A becket bend can be used to tie two 
ropes together. 
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Water knot. This is the most effective knot for joining 
two pieces of webbing to make a longer piece, or for 
forming a single piece of webbing into a loop. The water 
knot is similar to a figure eight.  Unlike a knot made with 
rope, the water knot must lie flat (fig. 8–17). 

a hose roller, ladder rung , or handle of a tool. Don’t 
let the rope run over construction materials that 
have a 90° angle, like the edge of a roof or window. If 
possible, use edge rollers, which are made of metal 
and can be placed over edges and sharp corners to 
protect a rope while in use (fig. 8–19). They also 
reduce the amount of friction. Hose rollers are an 
ideal way of preventing abrasion to a hose. 

2. Be aware of the effect that shock loads have on rope, 
and avoid creating these shock loads. 

3. Regardless of the rope material, ropes and fire don’t 
mix well. The heat from a fire can seriously damage 
a rope. Never let the rope pass through flames or 
heated gases while it is being used, regardless of the 
purpose. The rope could fail suddenly and without 
warning. 

Fig. 8–17. A water knot is typically used to tie ends of 
webbing together. 

Handcuff. This is a life safety knot with two adjusting 
loops that is useful for hoisting a firefighter or victim 
from a lower level.  As the rope is pulled taut, the loops 
close up, forming a handcuff, which allows the person 
to be pulled upward. It is simple to tie, and very strong 
(fig. 8–18). 

Fig. 8 –19. Hose rollers can be used to protect hose and 
rope when drawn over sharp edges. 

HOISTING TOOLS  
AND EQUIPMENT  

Fig. 8–18. A handcuff knot can be used to rescue and then 
drag a downed firefighter. 

PROPER USE OF ROPE 
There are some important points to remember when 
dealing with rope. A firefighter should think of these as 
the list of do’s and don’ts with respect to rope. 

1. When using a rope, always find a way to protect the 
rope over sharp edges. Use a rounded object such as 

One of the primary functions of rope is to hoist equip-
ment to an elevated location. The utility rope can be 
used for this job. All equipment being hoisted should 
have a tag line on the ground. This line is used to keep 
your tools and equipment away from the structure or 
obstructions like branches, overhangs, or anything else 
it could get caught on. Remember that all knots should 
have safeties. 
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QUESTIONS 

1. When should a rope be inspected? 

2. What are the advantages of synthetic ropes over natural materials? 

3. What do you look for when inspecting rope? 

4. When should a rope be removed from service? 

5. What are the differences between kernmantle, laid, and braided rope? 

6. Which would you choose for life safety applications and why? 

7. Describe hoisting a hoseline. 

8. What is the difference between a bight, loop, and round turn? 


