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Appendix A - A Short Course in Rope Physics
By Dennis Turville, Climbing Magazine, Circa 1987

No other piece of the climbing protection system requires as much blind faith as the rope does. While climbers often use a
couple of good anchors for a rappel, or a series of nuts strung out on a pitch, there is seldom any backup system for a rope.
Ropes are fundamental, but few climbers have a good working knowledge of what happens to the rope during a fall, which
falls are the worst ones to take in terms of the forces generated, or which ropes do the best job of stopping falls. Most of us
accept what we are told about ropes, and willingly follow the advice of friends, shop personnel, and the claims of manufac-
turers without question.

Rope physics is far from simple and, in a desire to oversimplify a complex issue, many climbers buy ropes for the wrong
reasons. Buying a rope intelligently, based on available data, is difficult at best. Ten years of experience in the retail climb-
ing industry helps, and so does a physics degree, but if one doesn’t have that information to draw on, hopefully this article
will let climbers know what is really happening in the rope business, clear up some myths, and expose outright marketing
hype. This article is based solidly on the physics of the real climbing world. It is not opinion. The writer’s intent is to help
climbers choose the best climbing rope for their style of climb!ng and level of expertise.

Before we discuss what a rope should be, let’s think about what ropes have accomplished over the years. One startling fact
should alter your thinking about ropes, their lifespan, and their place within the climbing system: no kernmantle rope of a 9,
10 or 11 millimeter diameter has ever broken in climbing use. Period. Many have been cut over sharp edges or damaged by
falling rocks, and one was even slashed by the hardware dangling around a falling climber, but no modern climbing rope has
ever been broken by a falling ctimber. This one unalterable fact has great significance for all who use ropes because there is
an amazing amount of overkill built into the system.

Overbuilding is fine by itself, especially considering the consequences of the opposite, but it shouldn’t force climbers into
buying ropes that are heavier or more expensive than they need be. The first kernmantle ropes barely held two UIAA test
falls, but no climber was ever able to break any of them. This suggests an obvious question: if climbers couldn’t break two-
fall ropes, why are people now telling us we need ropes which hold nine or more falls to be safe? If that question intriques
you, kindly read on.

The ideal rope would be a masterful blend of steel cable and rubber band: it would stop the falling climber gently, but it
would do so with a minimum of stretch to keep the fall distance as short as possible. While we may be able to send men
to the moon, we can’t as yet build the perfect climbing rope. Since we can’t integrate the qualities of steel and rubber, all
climbing ropes are studies in compromise. If one aspect of rope performance is given design preference, it can only come
at the expense of other qualities. Remember: one never gets something for nothing in the world of physics. If we suddenly
have a rope that holds 13 test falls instead of five, we must have given up something.

No amount of advertising to the contrary can change that— as long as we know better. If what you’re about to read sounds
different than what you’ve heard before, it is probably because marketing and mathematics are seldom the same. The big-
gest misconception about climbing ropes comes from the way they are tested and then marketed to the climbing public. The
UIAA is to be commended because they do exist when similar organizations are practically non-existent in other fields, but
the tests advocated by them do not accurately reflect what happens in the real climbing world, nor do they give the consumer
meaningful data to choose a rope by.

At the heart of the matter is the extreme UIAA test fall, a fall so severe that rope manufacturers themselves admit it is impos-
sible to take in a real ciimbing situation. If we cannot take a fall as nasty as the UIAA test fall, why do we test ropes with it? If
you manufactured ropes the last thing you would want is a lawsuit brought by the estate of some poor climber who managed
to break one, so naturally you would feel better if your rope was tested with the most extreme situation possible. The UIAA
test fall is just that. Two manufacturers of raw rope fiber have refused to let their products be used in twisted climbing ropes
or for other uses with risk, so the question of liability is a very real one.

In the UIAA test fall, an 80 kg iron block is dropped five meters and held by 2.8 meters of rope. This yields a fall factor of
1.78. (Fall factor is the distance fallen compared to the rope used to hold the fall. A fall factor of 2 is therefore the worst one
possible.) In order to obtain UIAA sanction, a rope must hold five such falls, whether they are achieveable in actual climb-
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ing situations or not.

Testing is done by labs selected by the UIAA committee, not the UIAA itself. Ropes are simply given a pass / fail test for
five falls, so any rope showing a higher fall capability exhibits the manufacturer’s rating, not that of the UIAA. The rating
itself is an average usually, meaning that a given nine-fall rope holds an average of nine falls, not exactly nine falls. Some
manufacturers give a range for fall capacity, such as seven to nine falls, and this is closer to the truth than a single number.

There are many reasons why the UIAA test fall cannot happen in the real climbing world:

1) The iron weight stops abruptly. something the human body cannot do. This results in a reduction of impact force by a
factor of 2.5 or 10 to 15 percent, depending on whether you choose to believe Beal or Edelrid respectively.

2) The block is stopped statically with the rope tied to a fixed point in the test. Static belays don’t happen in the field since
body belays and mechanical belaying devices both allow some slippage of the belay rope.

3) To achieve a high fall factor (over 1.1 the climber must fall past the belayer, something which doesn’t happen very often
because of nuts and other anchors in the system.

4) The fall must occur on vertical rock or near vertical ice or the fall energy will be dissipated by friction.

The difference in the real climbing world from the UIAA test fall laboratory explains why we have never broken a modern
climbing rope. Since all ropes must now hold five falls, and the old ropes held two falls more severe than any one fall we
can ever take on the rock, it’s pretty obvious why ropes never break. If we can’t break a two-fall rope, why do we need a 13
fall rope to be safe, as some like to tell us? Simply put, we don’t. Actually, a 13 fall rope will hold 13 falls on each end so
it’s really a 26-fall rope anyway. Twenty-six falls when we can’t take one in the real world.

All of this means that buying a rope based on its test fall capacity is basically nonsense. When one manufacturer came out
with a rope that would hold more test falls than anyone else’s, they suddenly had a marketing edge; they started telling us
their rope was SAFER because it held more falls, and we believed them. Multi-fall ropes are not safer than ropes which
hold fewer falls, but no one was around to tell the climbing public in a way which would get them to believe it. Not only
are multi-fall ropes not safer than their counterparts, but a strong case can be made suggesting that some multi-fail ropes are
actually less safe, for both beginners and hard-core climbers alike.

A falling climber is energy in motion, and a rope must largely absorb that energy. A rope is a shock absorber, one that, breaks
when it cannot absorb any more fall energy. The rope stretches during a fall in two basic ways: mechanical elongation which
recovers after the fall, and fiber elongation which is permanent. Every time a rope holds a severe fall (over a fall factor of 1),
it loses some of its ability to stretch and hence its ability to absorb fall energy. Stretchy ropes can absorb more energy and
so they can hold more falls but a fall which occurs on them is longer and more dangerous to the climber. Stretch should be
kept to a minimum in good climbing ropes.

Impact load or impact force is the amount of shock that is transmitted to the climber’s body and the rest of the climbing
system during a fall. If the impact force goes up, everything in the system is more likely to fail. Since we know that ropes
don’t break, it follows that the belay or the protection placements are more likely to fail if the impact load increases. All rope
manufacturers must show a figure for impact force, but they use different units of measurement, so when shopping make
certain you are comparing similar units.

A low impact force is obviously very important, but it must be considered in conjunction with stretch. An excessively stretchy
rope may have a low impact force, but we still don’t want to fall any farther than we have to, thank you. So stretch and impact
load must both be kept to a minimum. Stretch is measured in many ways: working elongation with an 80 kg load, impact force
elongation and elongation at failure. Of these, impact elongation is the most useful for choosing a rope, but unfortunately it
is seldom listed in rope data. Or it is estimated. It requires sophisticated machinery to measure impact elongation, and many
manufacturers don’t list this figure, particularly since they are not required to do so by the UIAA.

Impact force elongation measures how much the rope stretches when you fall on it, a very important feature to leave out of
rope statistics, but if climbers only bought ropes with published data about impact elongation, perhaps the manufacturers

would wake up. The UIAA should address this important point, but curiously they have chosen not to.

The UIAA is suggesting that manufacturers all use kilograrlnoszas their impact force unit, which is a mass unit and techni-



cally incorrect to use as a force measurement, but for layman climbers not concerned about the differences, it represents a
welcome step toward consistency.

Impact load, impact stretch, and fall capacity: this is where safety and value come in. In order to facilitate multi-fall rope
the UIAA raised its limit on working elongation. At this point manufacturers had three major ways of increasing a rope’s
fall capacity:

1 ) One can make a tighter wrap of fibers in the core or increase the diameter of the core which will give more test falls, but
only at the expense of increased working load stretch, impact load, and weight.

2) The mechanical stretch could be increased.

3) The manufacturer could treat the basic nylon with some expensive chemical processing that creates a nylon with a higher
elongation at rupture, but which doesn’t appreciably change impact load or working elongation while giving more test falls.
This option is the most expensive one, however.

So, in order to get a multi-fall rope, it must be heavier, have more stretch, have a higher impact force, cost more, or have
some combination of the above. Multi-fall ropes which achieve high fall capacity at the expense of impact loading are less
safe than ropes which simply hold fewer talls, particularly for beginners. But beginners are usually who the cheapest ropes
are aimed at. You get what you pay for in climbing ropes; a rope with a small price tag might not be the bargain you want,
so buyer beware.

Now when we look at the table of rope statistics, things start making sense. If we see a five-fall rope with a relatively high
impact force and low price tag next to one which is a nine-fall rope with a lower impact force and a hefty price tag, we know
why. The first rope is a price point rope, one sold as cheaply as possible, while the other one, so long as its impact force is
low, is a more expensively made rope of processed nylon fibers. But remember that rope data doesn’t tell the whole story.
Impact force elongation is still a murky item and before you say that increasing your fall by, say, six inches is unimportant,
keep in mind that a fail six inches longer can mean the difference between a good bar story and a compound fracture.

Whether rope data is lacking through manufacturing secrecy, testing inadequacy, or by product anxiety is unimportant to us.
The important thing is for climbers to know as much about ropes as possible so they can make good, sound choices. So, a
prudent climber will buy a rope with a minimum static stretch and a low impact force. A wise one will select a rope which
is light and has good handling characteristics as well, perhaps paying for

that lightness, but passing on the multi-fall monsters, knowing full well a rope won’t break.

Whatever rope is chosen won’t break, but how long will it last? The useful lifespan of ropes is a very controversial issue, with
estimates ranging from several years to a couple hundred hours; but whatever the objective life of the rope is, it is obvious
that no climbers have managed to exceed it. Considering the many types of people who are climbers, everything from the
garbage scroungers of lower Yosemite to plastic surgeons who pay their way onto expeditions, it seems very unlikely that
climbers are magically all retiring their ropes at just the same time. We must be putting our ropes out to pasture long before
we need to.

Since it is impossibie to wear out a rope by falling on it, and since reliable test data on the aging properties of ropes are not
available, a rope’s objective life is open to conjecture. Most climbers retire a rope when it looks hammered, when the sheath
is badly worn, perhaps cut in spots, and when they no longer trust it—not when it has held bad falls. Many climbers do not
realize that it is the fall factor that determines impact force, not the distance fallen, so they don t actually know what a bad
fall is in terms of rope dynamics.

UIAA test fail capability doesn’t determine how long a rope will last, the sheath does. The sheath is actually more important
than most climbers think. Not only does it dictate when we will ultimately retire a rope; it has much to do with handling
characteristics as well. A poorly-woven sheath will cut easier against rock crystals and will wear sooner. A magnifying glass
will show interesting differences in sheath weaving for anyone willing to look. A sheath that slips against the core signals a
poorlymade rope. The sheath should be firmly woven to the core so there is little or no slippage, otherwise the rope will not
take as much abrasion nor will it handle very well.

Once again, not all manufacturers list mantle slip data and those who do use different terms. The mantle slip test uses a two-
meter rope which is pulled through a displacement apparatulsos3everal times. The slippage should not exceed 30 millimeters



maximum after five tries, but less slippage is still better. Some data show only a number expressed in millimeters and other
show a maximum figure in millimeters. Either way, the lower the number the better.

Other important aspects of abrasion resistance are waterproof and other rope coatings. It has been shown that a rope will
withstand 33 percent more abrasion cycles with a waterproof coating than one without. Other coatings limit the absorption
of damaging ultraviolet rays by the rope. Coatings do more for a rope’s longevity than the number of test falls it allegedly
holds. Not all coatings are equal, as you might expect. Some European manufacturers use a paraffin compound which comes
off the rope quickly. The two other coatings which are most often used are silicone and fluorochemicals, the latter being more
durable generally. Other than rockfall, which is the

leading cause of death among climbing ropes, UV and industrial pollution are a rope’s main enemies. Alcohol, gasoline and
other hydrocarbon solvents do not affect nylon chemically, so do not worry if you spill some on your rope. It is certainly not
areason to discard it. Battery acid is another matter; even the fumes are harmful to ropes. A rope may receive more damaging
UV while riding on the back of your pack than while actually climbing, so keeping a rope in a rope bag makes good sense.

The amount of abrasion resistance a rope will take is really what ultimately determines when its life is over. The life of the
sheath is this subjective life of the rope, and the subjective life is what we all gauge our ropes by. So how can a 13 fall rope
last longer than a 5 fall one? The concept is silly because they both have the same subjective lifespan if their sheaths are the
same. Now it starts getting sticky again. Some manufacturers have gone to thinner sheaths so they can put more core material
into the rope and still stay at a given diameter. This chicanery gives a higher number of test falls, but you can guess what it
does to the life of the sheath. So it may well be that those who advertise longer lasting ropes because of their increased test
fall capacity are actually less abrasion-resistant because of their thinner sheaths. We replace a rope when we no longer trust
it, or we use it on less serious routes, but the life of the rope in terms of the way we use it has nothing to do with the number
of artificial test falls it holds on average.

A couple of things should be clear. One is that the number of test falls a rope holds doesn’t have much to do with a rope’s
safety or its durability. Another is that the rope industry should standardize its terms and stop hiding behind inconclusive
data. Most climbers buy ropes based on fall capacity alone, and that means they haul heavy or expensive ropes around when
a lighter, cheaper one might fit his or her needs exactly. On a 20 mile hike into a route, a rope that is a pound and a half lighter
is an obvious joy, and it’s a delight to have it trailing behind you on a pitch instead of some 11.5mm monster. On big walls
an 11mm rope is a good investment because of the abuse it must take there due to jumaring.

A thin superstatic line could be used for big wall hauling to save weight and bulk, but static lines (ropes that stretch very
little under body weight) should not be used where falls are possible because of their high impact loads. Normal crag climb-
ing can easily be done using 10.5 and even 10mm ropes without worry. For glacier work and alpine ice, use 8mm and 9mm
respectively. Why lug around more rope than you need to? Double ropes make a great deal of sense, particularly in the area
of rope cutting, but Americans don’t seem to use them much. Double lines have much lower impact figures, but they also
stretch more. In an area of sharp rock they are the safest choice.

Unlike the first ascent party on the Matterhorn, today’s climbers do not have to worry about their ropes breaking. They are
dependable and strong. If climbers voice their collective opinion through the ropes they buy, manufacturers will be forced
to create the best ropes for climbers, instead of confusing the issue with meaningless and/or incomplete data and misleading
advertising. The ideal rope may be a while off yet, but thoughtful climbers can sort through the claims and counterclaims to
find just the right rope to follow them into the clouds.

Dennis Turville, Climbing Magazine (19877?)
The author would like to thank the following for their help in preparing this article: Dick Newell of

Bluewater, Helmut Lenes of Climb High, John Cooley and Steve Olson of Robbins, Mike Reeves of
SMC, Frank Petran of Liberty, and Gary Tauber of Chouinard Equipment.
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Appendix B - A summary of the Conference on Nylon and Ropes
TURIN, MARCH 8/9, 2002

Several scientific papers were presented, including mathematical modeling of belay techniques and analytical
models for the analysis of textile ropes. Water absorption in polymers is much better understood now than over
30 years ago, when tests established that a wet rope loses much of its dynamic performance. Today it is known
that water causes the nylon to plasticize, drastically changing its mechanical and physical properties. Work on
this subject, while presented at the conference, can be found elsewhere on this site.

1. Material facts about polymers (nylon) of interest to rope users:
- polymers consist of macromolecules, where crystal parts, perfectly ordered chain structures, alternate
with amorphous parts, disorderly structures with tangled chains,
- the temperature at which the amorphous parts are modified is called the glass transition temperature
(Tg), because the material behaves similar to glass.
- the addition of water lowers the Tg of the material and has the same effect as heating the material,
- thus the mechanical and physical properties of nylon change with, among others, temperature and
moisture,
- with increasing temperature the material goes from very hard (glassy) to flowing (rubbery), the
material is similarly plasticized when it is wetted,
- testing a wet rope is similar to testing a dry rope at a temperature of 70 - 80 ° C.

2. Rope making facts:
- energy capacity is principally given by the core (multiple twisted strands),
- to improve dynamic performance increase core and reduce sheath
- sheaths are constructed with 32, 36, 40, 48 bobbins (spindles) and, generally, two-on-two construction,
- abrasion resistance is more or less proportional to the amount of sheath,
- a thicker sheath resists abrasion better than a thin one, all things being equal,
- increase bobbins, diminish thickness of yarn (twine) and get a thinner sheath,
- for a 10.5 mm rope 48 bobbins are used for a sport rope and 32 for a gym rope,
- tight sheath vs. loose sheath. A tight sheath produces a rope, which is more rigid, has more resistance
to abrasion and cutting, kinks more, has a higher elongation, is less supple and has less resistance in the
knot than one with a loose sheath.
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3. Why ropes have gone thinner and hold more falls.
- fifty years ago an 11 mm diameter rope barely held two falls. Now we get a rope with 9.5 mm diameter
holding eight falls,
- yarns: improved raw materials, production methods and quality control,
- twine: better methods of twisting of yarn and of shrinkage and dying process,
- proper selection (and setting up) of braiding machines and yarn-count,
- better knowledge of balancing core and sheath construction,
- years of experimentation, research and experience.

4. Influence of sunlight on the dynamic performance of multi-fall mountaineering ropes:
- some colours in the sheath fade, while others do not,
- there is a correlation between decolourisation of the filaments and the mechanical properties: the higher
the loss of colour, the higher the degradation of the mechanical properties. It seems to affect more the
brilliant and “stylish” colours,
- the mechanical properties of the core degrade in a markedly more uniform way and much less than the
sheath,
- a relatively low degradation of the mechanical properties of the filaments (approx. 10 % reduction in
breaking strength and elongation) corresponds to a notable reduction in the number of falls held (up to
50 %). The ropes were exposed for three months at an elevation of 2550 m in the Dolomites,
- as expected, degradation at a lower elevation (1834 m) was considerably less (up to 25 % reduction in
the number of falls held),
- the value of the impact force is not affected.

5. When to retire a rope; a study of rope wear:
- it is hardly any news that the principal factors of rope wear are the combined effects of rubbing against
rock, mechanical reduction (rappelling and belaying devices), dust and microcrystals that penetrate the
sheath and the number of meters climbed (not the time used),
- the enemy of rope wear is friction - most intense in abseiling and top roping, made worse by dirt, and
the inevitable rubbing against rock,
- to weaken the sheath means to seriously compromise the dynamic performance of the rope,
- the sheath of a sport rope is about 30 % of the weight of the rope. The core alone, of such an 8 - 9 fall
rope, holds only one fall,
- some abseiling devices produce much more wear damage than others,
- after only 50 descents with a figure-eight, the dynamic resistance of a rope is reduced by one third
(number of drops). The descents were undertaken with extreme care - slowly and without impact,
- rappelling with a Robot (a multi-use device manufactured by Kong) does not appear to compromise the
dynamic resistance of the rope. The device functions like a carabiner brake,
- not surprisingly rope wear is much more severe on granite than on limestone,
- rope degradation is approximately proportional to the number of broken textile yarns of the sheath,
- current work confirms previously published information. After climbing approximately 5000 meters,
the dynamic resistance of the rope is reduced to half and after an additional 6000 meters it is down to 30
% (UIAA Bulletin # 146, June 1994, in German),
- see also The Journal of the UTAA #3, 2000, pp. 12 - 13, available on the Internet under www.uiaa.ch.

6. Safety Loss of Mountaineering Ropes by Lowering Cycles in Toprope Climbing.
This paper is of sufficient importance that it can be found in its entirety elsewhere on this site. The
logical conclusion to this presentation is the use of a heavy sheath (top) rope for toproping. If the pitch
has to be led to the toprope anchor, then a sport rope should be used for the lead and a different (top)
rope for the lowering and subsequent toproping.
A note of caution regarding the use of the Grigri in this study: the device acts statically and should not
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be used to belay a lead climber. It was developed for toproping and should only be used for this purpose.

7. Claims abound about the benefits of dry coating of ropes (durably waterproof,
improved handling, abrasion resistance and durability, etc.). First of all, there are no standard
procedures. Manufacturers can do as much or as little as they feel like. Furthermore, there are no tests
specifically for climbing ropes, which measure durability, abrasion resistance or waterproofing. No valid
comparisons can, therefore, be made.

However, there is no doubt that treatments and finishing processes are known, which reduce water
absorption. The aging behaviour of this treatment is supposedly good over the rope’s lifetime, but it is
also accepted that the dry proofing deteriorates with rope use.

A study of dry proofed ropes from thirteen different manufacturers, using a variety of test methods,
shows that only a very few ropes do indeed repel water well. The rest are bunched together with much
higher absorption rates. One may say that many of the claims hold no water, but the ropes do.

One of the presenters felt that climbers do not want ropes with water resistance treatment, because
they only climb when it is sunny and are unwilling to pay for the added cost. Until there is an accepted
standard, it may indeed not be worth the money to buy a dry treated rope.

8. Sharp edge testing: the aim is to find a suitable test method. An attempt to differentiate
between edge-proof ropes (based on a sharp-edge test in the UIAA drop test) and others, which make no
such claims, by measuring the energy absorption of the rope, failed. The results were nearly the same
for all ropes. The suggestion was made to go away from the drop test and approach the problem from
cutting the rope under tension (sideway action), which also reflect reality more closely.

9. New directions:
- find ways to maintain strength in a high humidity or wet environment,
- better resistance to sharp edges (a modern rope can only fail by being cut on a sharp edge),
- develop new (polyamide) fibers. This will only happen, if there are other needs. Rope manufacturers
use only a miniscule amount of the total nylon production in the world.

108



Appendix C - Safety Loss of Ropes by Lowering Cycles in Toprope Climbing

Wolfram Vogel and Folker Bocksch, Institute of Mechanical Handling University of Stuttgart. Presented at
the conference on Nylon and Ropes, Turin, March 8 - 9,2002. The complete version of this paper was first
published in EUROSEIL, Deutsche Seilerzeitung, 1996, #2.

1. Introduction

On short sport climbing routes, artificial climbing structures and so on, a climber can find short routes of
all degrees of difficulty. Toprope climbing is then used frequently by belaying from the ground. In Fig. 1 the rope
arrangement in toprope climbing, by belaying from the ground, is shown. The climber is connected with the rope
to his harness. The rope leads from the climber to the upper end of the route, where the direction is changed at
the carabiner and is led back to the belay device. Because of this arrangement, the fall factor, which describes the
relationship of fall height to the paid out rope length and, therefore, the force on the climber in the case of a fall,
is small. When the climber reaches the end of the route, the belayer will lower the climber. During lowering the
rope is bent over the upper carabiner as well as in the belay device.

Dynamic mountaineering ropes are commonly used in toprope climbing. Such ropes are stressed
dynamically by leader falls. The measurement of the safety of a rope is the number of break-free norm drops,
which is determined in a drop test by using an unused rope and testing it in accordance with DIN EN 892
(UIAA Standard 101). A rope is also exposed to mechanical, thermal and chemical demands while in use. These
individual stresses act together on the rope and reduce its original capacity. The reduction of this capacity results
in a loss of safety of a used rope, which is expressed by the reduction of the number of break-free drops held.

Considerably mechanical stress in toprope climbing results from the bending around the upper carabiner
during lowering as well as in the belay device under the rope force. In this investigation ropes are exposed
exclusively to the bending during lowering cycles and their safety loss (number of falls) is examined. Three
different belay devices are employed.

2. Bending during the lowering cycles

In toprope climbing the direction of the rope changes during the lowering cycle around the upper carabiner
as well as in the belay device. The Munter hitch, figure eight descender and Grigri, used in toprope climbing, are
shown in Fig. 1.

The Munter hitch and the figure eight descender are designated as dynamic belay devices. In these belay
devices, the hand power of the belayer is needed to brake the fall. The term dynamic belay device is derived from
the braking effect, since during a fall, the impact force can be reduced by rope-slip through the device. In the
Munter hitch, the direction of the rope is changed twice with rope-carabiner-contact and twice with rope-rope-
contact. In the figure eight descender the rope experiences three bends with rope-metal-contact.

The Grigri is a representative of a static belay device. The rope is placed around an eccentric with a groove.
Using a lever, the eccentric can be positioned in such a way that during climbing, rope can be paid out. During
lowering, the position of the eccentric and, therefore, the braking force can be varied, although not as smoothly as
with the other devices. The brake functions automatically, i.e. no hand power is needed. A dynamic brake effect
arises with the Grigri only with a movement of the belayer, who may be lifted up.

The bending around the upper carabiner with a radius of 5 mm takes place with an angle o, between
160° and 180°, depending on the horizontal distance the belayer is from a vertical line passing through the upper
carabiner.

3. Rope forces during lowering

The rope force during the lowering cycle is dependent on the mass of the climber and the posi#tion of the rope in
the safety chain. The rope force F, between the upper carabiner and the belay device and the force of the braking
hand F has been measured for the dynamic belay devices, the Munter hitch and figure eight descender, during
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the lowering with a solid mass of 80 kg. The ex#perimental arrangement is shown in Fig. 2. The wrapping angle
in the upper carabiner is about 170° in these measurements. The measure#ments have been carried out with an
unused mountaineering rope and a used mountaineering rope with a furry rope sheath. The measured rope forces
are shown in Table 1. The rope force F, between the climber and the upper carabiner is equivalent to the mass of
the climber. The rope force F, between the upper carabiner and the belay device, is 56% of the lowered mass, m
for a new rope. For the used mountaineering rope the force F, is, as expected, smaller and amounts to only about
46% of the mass, m. The force of the braking hand F,, depends on the choice of the dynamic belay device. In the
figure eight descender, about 11% and in the Munter hitch 4% of the mass, m has to be held with a new rope. For
the used rope, the hand force goes back to 7.6% and 2.5%, respectively, of the force produced by the mass, m.

4. Ropes

Altogether, eight different single ropes were tested. Most of the tests were carried out on three single ropes, which
were made available by European mountaineering rope producers (AROVA-MAMMUT AG, CH; EDELMANN
+ RIDDER GMBH + CO., D-Isny i.A.; MARLOW ROPES LTD., GB-Hailsham). All of the ropes were examined
and tested when new in accordance with DIN EN 892 at the Institute of Mechanical Han#dling, University of
Stuttgart.

5. Test procedure

The testing is performed in two steps. First, the ropes are aged by N lowering cycles using the different
belay devices and then they are tested in the drop test ac#cording to DIN EN 892.

51 Aging test of ropes by lowering

The lowering procedure in toprope climbing with belaying from the ground is simulated in the laboratory.
Thus, a test stand (Fig. 2) was erected, in which the relationships in toprope climbing are simulated. Additional
degradations such as rubbing at edges or environmental in#fluences are excluded. The belay devices are fixed on
the hall floor with a short sling.

A lowering cycle is designed as follows: the mass, m is hoisted up with a crane to the height of the upper
carabiner using another rope. The test rope is pulled behind, force free and the mass, m is transferred to the test
rope. The mass, m is then lowered to the hall floor. The speed of lowering is about 1 m/s. The lowering procedure
is repeated N = 20, N = 40, N = 60 and N= 80 times. After each aging test, two samples with a length of 3.8 m
are removed for the drop test. One part of the rope is bent only over the upper carabiner and the other part of the
rope is only bent in the belay device N-times. After the aging tests, no damage to the sheaths of the ropes could
be determined.

When belaying with the Munter hitch and figure eight descender, the mass, m can be deposited nearly
shock free on the hall floor as the rope is completely unloaded. This is possible, because the force of the braking
hand and, therefore, the lowering speed can be finely adjusted. In belaying with the Grigri, the lowering procedure
can only be roughly influenced. Before reaching the hall floor, the mass, m has to be sharply slowed down. In
doing this, the rope receives an additional dynamic load. In Fig. 3 the measured rope force in a typical lowering
cycle with the Grigri is shown. After the rope is stopped in the Grigri, the maximum rope force is approximately
2.8 times of the force produced by the lowered mass, m.

5.2 Drop tests

The drop tests with the aged ropes are carried out in accordance with DIN EN 892 on the drop test stand at
the Institute of Mechanical Handling, University of Stuttgart. The drop test stand is provided with a guided falling
mass. The mass used to test a single rope is 80 kg. A 3.8 m long rope is required for each test. The sections of ropes
tested were taken from the portions, which passed over the upper carabiner as well as through the belay device.
The test sample is connected to falling mass. The rope is passed through the orifice (the test edge with a razdius

of 5 mm, equivalent to the radius of the upper carabiner) and then tied, three times, around an anchor pin and
110



finally fixed between a clamp plate. The test sample is then loaded statically with the mass and after one minute
the free length of (2500+20) mm is adjusted. During the drop test the mass falls freely for approximately 5000
mm before the rope stretches and absorbs the energy produced by the falling mass. The impact force is measured
and recorded during the first fall. After the drop, the rope has to be unloaded within one minute. Be#tween two
consecutive falls the time span has to be (5+0.5) minutes. The drop test is repeated until the rope breaks.

6. Number of drops without breakage

All the ropes were tested when new in accordance with DIN EN 892. The tests were carried out on three
test samples. The minimum requirement of the standard requires each sample to hold at least five falls without
breaking. The mean value of the num=ber of drops without breaking of these test samples is designated as n_(on
the graphs n with a mean value bar over the n). The mean value of the number of drops without breaking of the
aged test sample is referred to as ng The relative number of drops without breaking n /n_is plotted against the
number of lowering cycles N. Figs. 4,5 and 6 show the ropes bent only in the belay devices. For the Munter hitch
(Fig. 4) and the figure eight descender (Fig. 5) the relationship between the relative number of drops without
breaking and the number of lowering cycles is nearly linear. The rope degradation is more severe for the Munter
hitch than for the figure eight descender because of the higher number of bends, the more severe radii and,
moreover, the rope-to-rope contact. Rope sections, which were exposed to 80 lowering cycles in the Munter
hitch, have already lost more than 50% of their original capacity. For rope sections, which were bent in the Grigri
(Fig. 6), the relative number of drops without breaking decreases steeply after some lowering cycles and is then
reduced only slightly. The reduction, with increasing number of lowering cycles, is smaller than with the Munter
hitch or the figure eight descender. This behaviour is a consequence of the additional dynamic demand to which
the rope is ex#posed at the end of the lowering procedure.

The plot of the relative number of drops without breaking against the number of lowering cycles for
rope sections, which are only bent in the upper carabiner, is shown in Fig. 7 for the dynamic belay devices, the
Munter hitch and the figure eight descender, and in Fig. 8 for the Grigri. For both belay methods the quotient
ng/nLI decreases with the increas#zing number of lowering cycles. For the dynamic belays, the relative number of
drops without break#age decreases linearly with increasing number of lowering cycles. The reduction of ng/nu 1s,
despite the high rope forces at the upper carabiner, regularly smaller than for rope sections, which were bent in
the dynamic belay devices. For the static belay with the Grizgri, the already known behaviour of ng/nu against N,
as a consequence of the additional dynamic demand, is shown.

The relative number of break-free falls determined in the tests, as a result of rope bending during the
lowering cycles in toprope climbing, is evaluated in a regression analysis. A linear starting equation is chosen for
the dynamic belay with the Munter hitch and the figure eight descender

(ng/nu) =a,+aN (1)
For the static belay with the Grigri an exponential equation is chosen.
(n/n) = b,N*! (2)
For the regression calculation, equation (2) is changed into the logarithmic form
lg(ng/nu) =c,+c IgN 3)

The regression calculation yields the constants a; a and c, c¢,. In Table 2 the con#stants ao and a , the standard
deviation (derivation), s and the coefficient of determlnatlon (determination measure), B = r2 are listed for the
dy#namic belay devices. Table 3 includes the constants found for the static belay device. The re#sults of the
calculation are plotted in Fig.4 to Fig. 8 as solid lines. Additionally the 95 % confidence interval is shown as a
dashed line. The test results are above this calculated statistical limit.

7. Summary 11



The drop tests carried out on mountaineering ropes, which were aged in lowering procedures (to#prope
climbing), have shown that with an increasing number of lowering cycles the number of drops without breaking
strongly decreases. Rope sections, which were bent in the figure eight descender or in the Munter hitch, for only
80 low=zering cycles have only about half, or less than half, of the capacity of a new rope left. This safety loss
occurs customarily after few days of top rope climbing. By superimposing other factors of rope degradation upon
those caused by the bending in the belay devices and the top carabiner, one can expect a further decrease in the
number of drops held without breaking. The safety loss is of no consequence for a rope used solely as a toprope
because fall factors are small but is critical for lead climbing, when larger fall heights are possible.

Table 1. Rope Forces during lowering

Designation of the Rope force [N]
Rope force Unused rope | __Used rope
At upper carabiner F 785 785
, Fa 440 360
. Hand force Fy belay 30 20
carabiner
Hand force figure Q0 60
eight descender Fy

Table 2: Constants of regression calculation (dynamic belay devices)

| Constants Derivation s | Determination
_ag ' a measure B
Belay 0,998 6,99 10~ 0.057 0,928
carabiner
Figure eight 0,976 -5,43 107 0,091 0,757
descender N
Upper 0,965 -3,3 107 0,106 0,483
carabiner |

Table 3: Constants of regression calculation (static belay device)

Constants Derivation s | Determination |
co | ¢ measure B
Grigri -0,1215 -0,0618 0,052 0,848
Upper -0,1023 -0,0347 0,069 (.708
carabiner -
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Fig. 1: Rope line in toprope climbing

Upper carabiner

Fig. 2 Rope forces during lowering.
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Appendix D - Marking of Ropes

That marking a climbing rope with a felt pen can damage it was first reported in 1998. The German Alpine

Cub tested a Sharpie felt pen (made in USA and sold in Germany), which apparently was advertised for use on
climbing ropes (to mark the middle of the rope, for instance). In the tests the ropes were marked and the marked
area was placed at the orifice plate in the standard UIAA drop test. Five unmarked samples held 10 - 12 falls,
while three marked samples held 6 - 8 falls. This information was published at that time in the Gazette of The
Alpine Club of Canada as well as in The American Alpine News.

Last year this topic re-appeared on the Internet as well as in Climbing and Rock & Ice. In both magazines

the use of felt pens was recommended for the (middle) marking of ropes, while the Internet correspondence
centered on the damage. The press, despite being told about the possible damage, did nothing about it. Among
the users there was doubt about the sources of the information.

Last year two rope manufacturers (Lanex and Mammut) and the German Alpine Club visited this problem
again. Various samples of non-dry and superdry rope were tested using a variety of felt pens (Sharpie was not
among them). Testing was done seven to 30 days after application. Reduction varied from zero to 50 % in the
number of drops held. Superdry ropes generally had less capacity reduction than non-dry, possibly because the
saturation was less. However, one particular rope sample had an insignificant increase in capacity for the non-
dry rope, but a 35 % reduction for the superdry. This rope, by the way, was the only one, which did not have a
reduction in capacity for both the non-dry and superdry sample.

Middle markings, which come with a new rope and were applied by the manufacturer, are safe. Do rope
manufacturers sell trustworthy markers? Mammut tested the “Rope Marker”, a pen sold by Beal. The reduction
was 50 % for the non-dry and 17 % for the superdry rope. Mammut tested five days and four weeks after
application. The capacity reduction was more for tests done four weeks after application.

Sanford, the manufacturer of the Sharpie pens, will apparently not guarantee a consistent product. The
ingredients of the pen may vary. There is no “standard” formula for the chemicals that are contained in the
markers. The company has also stated that “Sanford will not endorse or in any way recommend use of these
markers for rope climbing (sic), and will not accept liabilities, which may arise from its use.”

The recommendation: do not mark your rope with any kind of felt pen. Water-soluble acrylic paints are
apparently safe. No information is available how long they stay on.

The bottom line: (for a rope, which would be safe under normal circumstances) there is a risk when the marked
area is loaded by a fall over an edge. Who buys lottery tickets?
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Appendix E - Choosing a Material for Your Cordelette

Prepared by the Seattle Mountaineers Climbing Committee
© Copyright 2001 The Mountaineers

The cordelette is a useful piece of climbing gear for equalizing anchors or for applications where a triple

runner would be used. A variety of cords are available for making cordelettes, each with advantages and
disadvantages. For the Intermediate Climbing Course, rather than specifying a material for your cordelette, the
decision is left to you. Thinking through this decision will introduce you to the on-going process of evaluating
climbing equipment and techniques, then making decisions based on facts and what makes sense to you. In this
case, as in many of the choices you will make, there is no “right” answer.

Here is some background on the force exerted in a fall and how that impacts the design and choice of climbing
equipment. Forces are usually expressed in the metric unit of kilo-Newtons (kN). For reference, if you and
your pack weigh 220 pounds, you are exerting a force of 1 kN on the ground. Impact forces are a lot higher,
and 12 kN is about the most your body can take without serious injury. For that reason we climb with dynamic
ropes that limit the maximum force to about 10 kN. Also consider that during a leader fall the force on the
anchor is nearly double (actually 1.66 times when you consider friction loss across the carabiner). With the
dynamic rope, the maximum force on the anchor may be (10)(1.66) = 17 kN. UIAA minimums for slings and
carabiners are higher than that, at 22 kN and 20 kN respectively.

Four cords that are available in Puget Sound area climbing shops are briefly described below. You may find
others. A summary table is presented after the descriptions.

7 mm Perlon (nylon core, nylon sheath)

You are already familiar with Perlon cord — you used 6 mm Perlon for your Prussik slings. It is the common
mountaineering accessory cord, and has been available for many years. For a cordelette, 7 mm is the standard
size, though some climbers have used 6 mm. Perlon loses little strength when knotted and withstands repeated
flexing with no loss in strength. Its disadvantage compared to high-strength cords is greater weight and bulk.
However, at 40¢ per foot, this is your cheapest option ($8 for 20 feet).

5.5 mm Spectra (Blue Water Titan; Spectra/nylon core, nylon sheath)

Spectra is a form of polyethylene that is stronger per unit area than steel, with only one-tenth the density. It

is a popular material for sewn runners. A 5.5 mm strand of Blue Water Titan Spectra is stronger than 7 mm
Perlon, making it a promising cordelette alternative. However, Spectra loses almost half its strength when
knotted with a Figure Eight knot. So in use, Spectra’s advantage in tensile strength is lost once it is knotted.
However the cordelette will be lighter and less bulky, though more expensive at $1.05 per foot ($21 for 20 feet).
A consideration with Spectra is that it has a low melting point, and therefore is not recommended for use with
friction knots. Spectra cord must be tied with a triple fisherman’s knot because the core is so slippery that it can
pull through a double fisherman’s knot under load.
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5.5 mm Spectra-A (Maxim; Spectra/Kevlar core, polyester sheath)

Spectra-A uses Kevlar aramid fiber to make a really strong cord for slinging chocks. Some climbers have used
it for cordelettes, however there was always a concern about loss of strength after repeated flexing. The Kevlar
fibers are so strong that they can cut through each other and weaken the cord. This tendency was demonstrated
in a severe flexing and bending test where Spectra-A lost 40% of its strength after 200 flexes. So while the
Spectra-A starts stronger than Perlon, it loses 39% of its strength when knotted and another 40% upon repeated
flexing. These strength losses will discourage most climbers from using Spectra-A, even though when new it
makes a stronger cordelette than Blue Water Titan Spectra. It is the same price per foot as regular Spectra, so 20
feet will cost you $21.

S mm Gemini or Tech Cord (Black Diamond and Maxim; “Technora” aramid core, polyester sheath)

“Technora” is the newest material of the four and is an aramid like Kevlar. Its main application is for slinging
chocks, however its 5 mm diameter has made it attractive to some climbers as a cordelette. While starting with
the highest tensile strength, it loses the most strength of the four upon knotting with a Figure Eight, a startling
60% reduction. It also loses strength upon repeated flexing. At $1.65 per foot, this is the most expensive cord
of the four ($33 for 20 feet).

Strength Comparison of Prospective Cordelette Materials*

Tensile Loss in Loss in Strength Cordelette
Material Strength Strength When Cordelette After 200 Strength after 200
(Single Knotted with a Strength Flexing/Bending | Flexing/Bending
Strand) Figure Eight (One Anchor) Cycles Cvckes'i'
7 mm Perlon 12 kN 8% 22 kN 0% 22 kN
(Sterling)
5.5 mm Spectra 17 kN 47% 17 kN 6% 16 kN
(Blue Water Titan)
5.5 mm Spectra A I8 kN 39% 23 kN 40% 14 kN
(Maxim)
5 mm Gemini 22 kN 60% I8 kN 45% 10 kN
(Black Diamond)
aka: Tech Cord
(Maxim)

* These data are taken from “Comparative Testing of High Strength Cord,” presented by Tom Moyer and
Chris Harmston at the International Technical Rescue Symposium in October 2000. Cordelette strength was
evaluated by slow pull tests of a single arm of the cordelette, which was tied with an overhand knot. Drop
tests were also conducted, and the strengths were nearly identical.

1 These values are calculated and not test results. It is interesting that once you consider the loss in strength
due to flexing, the materials with the highest tensile strength make the weakest cordelettes. Your final
choice becomes a trade-off between strength and weight/bulk, with 7 mm Perlon and 5.5 mm Blue Water
Titan Spectra being the two most popular choices.
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Comparative Testing of High Strength Cord

Tom Moyer

Paul Tusting, Chris Harmston,
(© Tom Moyer)
Complete test data for the results presented in this paper can be found at
http://www.xmission.com/~tmoyer/testing

Chris Harmston and Paul Tusting are employees of Black Diamond Equipment, the manufacturer of a product
evaluated in this paper. All effort has been made to present the information here impartially. This paper presents
the results of testing of many products. It does not represent the official position of Black Diamond Equipment.

Abstract

Many climbers carry an 18-foot length of accessory cord called a cordelette for rigging anchors and as a tool for
self-rescue situations. In the past, this cord was usually 7mm Nylon. In recent years, many climbers have changed
to using one of a number of high-strength materials in smaller diameters. Vectran, Technora, Spectra, Kevlar,
Kevlar/Spectra blends and Spectra/Nylon webbing are all used for these purposes along with Nylon cord and
Nylon webbing. These materials all have different properties, and in some applications, dramatically different
performance. This study tests and compares the strength of different knots in these materials, in both static and
dynamic loading, along with their resistance to cyclic flexing, in order to judge their suitability as tools for climbers
and rescuers.

Background

The use of Kevlar, Spectra and Vectran fibers to make high-strength rope was pioneered by the sailing industry, to
take advantage of their high tensile strength, low elongation, and low moisture absorption. These materials
gradually moved into climbing applications, first as chock cord and more recently as cordelette material, prusik
cord, and emergency rappel line. In the climbing world they have been surrounded by a lot of mythology and little
hard data. It has been said that tying and untying chock cord weakens it severely, that double fisherman's knots
are not secure, triple fisherman's are needed, that Kevlar-based cords will self-abrade and eventually weaken, and
that knots will not hold in Spectra/Nylon webbing. In recent years, manufacturers have been combining and
improving materials, and climbers have been expanding their applications. Have the materials improved? Are the
myths true? And most importantly, are these materials strong enough to use in these applications? This testing
will provide some answers to these questions.

Materials

Keviar

Kevlar was one of the first high-strength fibers to be used in rope. It still offers high tensile strength and very low
elongation, but has poor fatigue properties. The fibers inside the rope abrade each other, offering little indication
of the reduced strength until the rope breaks. Kevlar has a very high melting point, 500 C or 932 °F. Kevlar-core
ropes are sold as escape lines for firefighters - to be used once and discarded. Manufacturers have had some
success at solving the self-abrasion problem by combining Kevlar with Spectra.

Technora

Technora, like Kevlar, is an aramid, but with vastly improved fatigue properties. It shares Kevlar's high tensile
strength and high melting point.

Spectra

Spectra is a very high molecular density form of polyethylene - the same thing used to make grocery bags, six-pack
carriers and milk jugs. The manufacturing process aligns the molecules, which vastly increases the strength of the
material. It is twice as strong as hardened steel (per unit area) and one-tenth the density. Spectra has several
difficult issues. The melting point is very low, 147 C or 297 °F, not much warmer than boiling water. The material is
unbelievably slippery, which makes it difficult for manufacturers to form into a workable rope. And, while the
modulus of the fibers is comparable to steel, they slowly elongate under a continuous load. This process is called
"creep." It is mostly irrelevant to climbers, but annoying to sailors. Spectra/Nylon is also known as Dyneema (a
trade name of Beal Ropes) in Europe.



Vectran

Vectran is a liquid crystal polymer - its properties are between those of crystalline solids and liquids. It has similar
strength to Spectra, but without the creep problems. It has poor UV resistance, which is not a problem when used
as the core in kernmantel rope construction.

Seven products were tested for this project. Sterling Vectran, Blue Water Titan, Black Diamond Gemini2, Maxim
Spectra A, Mountain Tools Ultratape, Sterling 7mm Nylon accessory cord, and Liberty Mountain 1 inch Nylon
Tubular Webbing.

Sterling Vectran has a Vectran core and a Nylon sheath - it is sold in precut lengths labeled "cordelette" in addition
to spools. Blue Water Titan has a braided Spectra/Nylon core and a Nylon sheath. Black Diamond Gemini2 has a
Technora core and a polyester sheath. It is identical to the product sold as "Tech Cord" by Maxim (New England
Rope). The original Black Diamond Gemini was a different product, similar to Maxim's Spectra-A, and has not been
sold in several years. Spectra-A has a braided Spectra/Kevlar core and a polyester sheath. It has largely been
replaced by Tech Cord, but is still sold, usually at cheaper prices. Ultratape is a Spectra/Nylon webbing,
constructed to minimize the amount of Spectra on the outside surface. This helps protect the Spectra from UV
damage, and lets knots hold better, since more Nylon is in contact.

Applications

The cordelette has become the favored tool of climbers for a quick, convenient and redundant anchor, using a
minimum of gear. It also doubles as an extremely useful self-rescue tool, or can be cut up and left as rappel anchors
when retreating off a climb. Mountain Tools has introduced the concept of the Web-o-lette ™, a long runner, with
sewn eyes in each end. This makes the same 3 point tied-off anchor, but two of the pieces are clipped with only a
single strand of webbing. This means the whole length of material can be reduced, which makes it lighter and less
bulky on the harness.

Cordelette Anchor Webolette Anchor
(Karl Lew photo)

Test Methods

Slow Pull Tests

Slow pull tests were done on the 11,000-1b SATEC Apex 11 EMF universal test machine at Black Diamond. These
were done on unknotted material over 4" diameter drums, on figure-eight knots, on loops tied with double
fisherman's, triple fisherman's and water knots, and on a cordelette loaded on a single arm. Pull rates and fixtures
were consistent with CEN standards. The material was not temperature and humidity conditioned, but all tests
were done at 29% humidity +4% and at 71°F +6°. Five samples were tested in each material for each configuration
and the results were averaged. One sample of various friction knots was also tested in each material on Black
Diamond 10.5mm Cirrus dry-coated rope.



Keep in mind that an average breaking strength (the arithmetic mean) is not a good quantity to use to determine
whether a component is strong enough. A minimum breaking strength - three standard deviations below the mean
- is much more appropriate. However, five samples are not sufficient to determine a meaningful statistical minimum,
so average strength is presented here.

Drop Tests

Drop Tests were conducted at the Rocky Mountain Rescue Group drop tower in Boulder Colorado. The
configuration modeled the UIAA and CEN drop test - a fall factor 1.71 fall on 2.8 meters of rope. A new section of
10.5mm Black Diamond Cirrus (nondry) rope was used for each test. This rope carries a UITAA rated impact force of
8.4 kN (1888 1b). The cordelette to be tested was placed at the location of the "pivot edge", or the direction change
anchor. The force at this point should theoretically be twice the rope tension because of the direction change. In
reality, carabiner friction reduces this to around 170%. The load was applied to the cordelette with carabiners, as it
would be in a climbing fall. As in the slow pull tests, only one arm of the cordelette was clipped. In accordance
with the CEN specifications, the weight was dropped once every five minutes until the cordelette had broken or
sustained five falls without breaking.

Flex Cycle Test

A cyclic flex test was run to check the fatigue performance of the different materials. A sample of cord passed
through a horizontal hole in the fixture, flexed 90 degrees over a steel edge, and was loaded with a 40 1b weight.
The fixture was rotated back and forth 180 degrees by a pneumatic actuator for a specified number of cycles, with
all the flexing happening at the same point on the sample. The sample was then pull-tested over drums with the
fatigued point in the free section to measure any reduction in tensile strength at that point.

180 degree motion

.

rotary pneumatic actuator /

40 b weight

Results

Slow Pull Tests

The Technora and Kevlar/Spectra cords live up to their billing as having extraordinary tensile strength, but the
story changes immediately when the cord is knotted. Knot efficiencies for a figure-eight knot ranged from 40% on
the Gemini to 92% on the Nylon. For a double fisherman's knot, Gemini and Titan share an interesting failure mode.
The sheath breaks at the knot and the slippery core unties, pulling through the sheath. When a triple fisherman's
knot is tied, this does not happen. The strength gain for the triple fisherman's is not large, but it is enough to
change the mechanism. The Ultratape - a Spectra/Nylon webbing - shows excellent strength in all of the knots,
contradicting the popular belief that knots will not hold in this type of material. Testing is needed on webbing with
a more conventional Spectra/Nylon weave to see if that conclusion can be extended to other products.
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Loop Knots (Bends) Comparison
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Friction knots were tested to determine whether there were any obvious reasons why any of these materials could
not be used for ascending or as a self-rescue rope-grab. For all the cord materials, any of several friction knots
work fine and the choice would be based simply on ease of tying and loosening in use. For the two webbing
materials, it is tougher to get sufficient holding power. A climber can easily generate forces of 500 1b when
ascending. If a hitch will not reliably hold that load, slipping will happen. For the webbing, adding wraps is the
only way to get the holding power. The most convenient hitch to do this with is the Kleimheist. The fact that the
Spectra/Nylon Ultratape can be used at all for friction knots also contradicts the conventional wisdom.

For the cordelette strength, both the strength of the weak arm (knotted or single-strand sewn) and the strength of
the stronger arms are plotted. For most of the materials there is no difference. The material breaks at the pin or in
the overhand cordelette knot. For the webolette, the weak arm is a single strand, so the double-strand leg is
considerably stronger. Since these are used as anchors, the UIAA spec for maximum dynamic-rope impact force is
shown for comparison. This represents a typical worst-case force on the rope. However, if the belay is run through
the anchor, force on the anchor is multiplied. A level 170% of the UTAA spec - an assumed maximum - is also
shown for comparison. It is apparent from this chart that at least some of these cordelettes would be expected to
fail a UTAA drop test.
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* For the webolette, the weak arm is a single strand with a sewn eye. The strong arm is a double strand.



Force (Ibs)

Drop Tests

One might guess that some of the materials, particularly those with Spectra in the core, would be weaker when
loaded dynamically than statically because of heat produced by energy dissipation in the knot. In fact, that turned
out not to be the case. Every material failed at very close to the static failure load. The one that appears to be an
exception, the Ultratape, was drop-tested in a non-standard configuration - with a tied eye rather than a sewn eye
in the single strand. Horizontal lines in the chart show the average impact forces on the anchor for each drop. On
each successive drop, the rope's modulus increases (it gets stiffer) and the impact force increases. Other than knot
tightening, there was no evidence of any change to the cordelette with successive impacts. The Sterling Vectran
failed on the first drop, raising some serious questions about its suitability as a cordelette material. Keep in mind
that the rope used in the testing has a relatively low impact force rating of 8.4 kN, nowhere close to the UIAA limit.
In addition, rope modulus increases with age and use, so older ropes would be expected to place a higher impact
force on the anchor. 7mm Nylon and Maxim Spectra-A did not fail in five drops. Tubular Nylon webbing was not
tested, but it is assumed from its slow-pull strength that it would not have failed in drop testing.

Cordelette Drop Tests
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** Ultratape was tested with a sewn eye in the pull-tests and a tied eye in the drop-tests.
Flex Cycle Test

The results of this test were a surprise. One might expect to see linearly descending strengths, with different
slopes for different materials. Instead, Nylon and the Spectra/Nylon webbing show no drop in strength over the
test, and Technora, Spectra-A, and Vectran all show an immediate and dramatic reduction in strength, but at higher
cycles, the curve flattens and little further strength appears to be lost. Since the effect happens so quickly, a used
piece might show this strength loss everywhere along its length. The knot efficiencies for these materials, which
are very low in new material, may be higher when the cord is used and more flexible, but further testing is needed
to determine this.
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Conclusions

How strong should your anchor be? One arm of a Vectran cordelette, for example, fails at only 2600 1b (11.5 kN).
This is little stronger than a good carabiner in the open-gate mode - and the material gets weaker with use. Is this
strong enough? One can easily argue that the drop test we performed is unduly harsh. First, it uses a completely
static belay. A sticht-plate or tube belay-device can reduce the peak impact forces significantly. Second, the lead
rope is run through the central anchor point. This practice increases the load at the anchor. Third, the test loaded
only one arm of a cordelette. While the cordelette anchor does not equalize when the belayer shifts position, there
is typically enough stretch in each arm that all three will be loaded to varying degrees in a major impact. Fourth,
Chris Harmston, Black Diamond's Quality Assurance Manager, has reviewed field failures of climbing gear for
eight years. He has never seen a stopper rated at over 10 kN fail, and has seen only a few carabiners fail in closed-
gate mode. He believes that forces exceeding 10kN rarely happen in climbing falls.

All that said, we do not think it is unreasonable to expect one arm of the anchor to hold at least one UTAA fall on a
soft rope when both the rope and the cordelette material are new! The decrease in strength with use is a worry for
any of the Technora, Kevlar or Vectran materials. The Gemini and the Spectra-A are also extremely stiff and
difficult to tie and untie. An 18 -foot piece makes a bulky object hanging from the harness. They make excellent
chock cord (where a stiff cord is desirable), but would make a poor cordelette. Among the high-strength cords,
Titan seems to be the most suitable material for cordelettes. The Ultratape is even better, and the webolette is an
elegant solution to multi-point anchors, although we'd prefer to see slightly higher strength on the single-strand
arms. Last, Nylon cord and webbing may be the best of all. Although heavier, they are cheap, strong, universally
available, and seem to have a virtually unlimited flex life.

Acknowledgements

Black Diamond provided test material and made their test lab available for this project. Sterling Rope, Blue Water
Rope, New England Rope, and Mountain Tools all provided material for testing. Karl Lew asked these same
questions a year ago and provided samples for earlier testing in the BD test lab on this subject. Bill May, Lewis
Dahm, John Snyder, Jim Gallo, Scott Whitehead, Dave Hibl and others from the Rocky Mountain Rescue Group in
Boulder worked hard to get their new drop tower up and running in time for it to be used for this project. Sensotec
provided the load cell used to measure forces at the drop-tower. Without all of these contributions, this testing
would not have occurred. Thanks everyone.



Appendix G - Anchors and Directional Forces

@ @

D: Directional 346 |bs.

B: Belayer D 243 Ibs.

105°

D 200 Ibs.

120°

Anchor Forces
2F x cos (1892)

Directional Forces

oF x SN (1832)

B % 200 Ibs. B %200 Ibs.

396 Ibs. 'ﬁ‘

369 Ibs. N 386 Ibs.

400 Ibs.

159D 153 1bs.

D 103 Ibs. D 52 bs.

180°

B %200 bs. B %200”35. B%zoo Ibs. B%zoo Ibs.

Diagram; Erin Taylor Calculations: Casey Smith MS; Meg Hall Phd.; Rand Swanson Phd.
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Appendix H - How to tie the Mule Knot on a Munter Hitch

Load Brake Load Brake Load Brake

2 l\»—' ; @iﬁ“L
%/ % . /Ig? l\\\\ Brake
%54 j% -
a4 =
N UL =2
o S
Load

126



How Cams Work By WildCountry

SEE HTTP://WILDCOUNTRY .COM.UK FOR THE FULL ARTICLE

iINtroduction

> the wild country cam book

There has always been a special buzz
about Friends.* More than any other
piece of climbing gear Friends have
always created and polarised opinion.
Every climber has a question and a
point of view and over the years
their counter-intuitive nature and
complicated physics has perplexed
and excited climbers in equal
measure.

Guide books describe cracks by Friend
size and climbers' stories of life saving
Friend placements are legendary.
They are quite simply the most
important, the most expensive and
the most desired piece of gear on any
climber's rack.

Yet paradoxically, when polled,
climbers still don't seem to trust
them absolutely. Most would prefer
to set off on a lonely run-out pitch
above a "bomber nut' than trust to its
complicated mechanical equivalent.

So why should this beautifully

engineered machine, that
revolutionised climbing world-wide
over two decades ago be viewed with
such ambivalence? The simple answer
is that many climbers just don't get
them. Why do these 21 components
made from exotic aluminium alloy
and carbon steel, grip tenaciously in
the crack as we fall past, protecting
us from certain disaster? Where did
they come from, who invented them,
how do they work?

The Wild Country Cam Book will not
only explain why Friends work but
how they work, where they work
best, as well as the circumstances
where they may not work. Based on
over two decades of experience in
Friend manufacture, Wild Country
knows more about cams than any
other company and is best placed to
give you the answers to the
questions you most wanted to ask.

Learn about the design of Friends
from prototype to production, the
materials and manufacturing
techniques, the quality control, the
standards and the testing involved.

Learn how a cam works, what is cam
angle, cam range, predictability and
stability, friction and flares.

Learn about using Friends safely in
parallel, flared and horizontal cracks
and how to select the best Friend for
the job, Forged, Technical or the new
Zero Cams.

The Wild Country Cam Book has been
written to answer all your questions
about cams, but one question you
may quite rightly ask is why now?
The answer is quite simply Zero
Cams. This project more than any
other focussed us on explaining more
about what we do, as we struggled
with the complexities of moving the
game on in cam design. We had to
re-evaluate our ideas and techniques

Above: Andy Cave testing Zeros on Cerro Mascara,
Bader Valley, Paine, Patagonia. Photo: Simon Nadin
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and most importantly, we had to
reinvent how we tested and use

these radical miniature cams out
there on the crag.

The Zero cam was the catalyst but
The Cam Book became much more
for us. The desire to write down the
distillation of 25 years of knowledge
for climbers to learn and understand
about cams became compelling.

So whether you are an experienced
big wall climber or fresh apprentice
straight from the gym, we trust

you will enjoy the Wild Country
Cam Book, brought to you by The
Cam Company.

Martin Atkinson,
Managing Director Wild Country

(*Friends is the name given to the original
Wild Country cams).
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genesis

> a chance meeting

The beginning of the Wild Country story
was a chance meeting between two
climbers from entirely different
backgrounds, Ray Jardine and Mark
Vallance. Had that meeting not taken
place, who is to say if camming devices
would have ever graced our hardware
racks. Of course most people would say
that someone else would have invented
them, but these things are always easy
with hindsight. | would prefer to believe
that if these two climbers, one a
scientist and the other an entrepreneur,
had not teamed up to climb together in
the summer of 1972, 'Friends' might
never have been.

Ray grew up in Colorado Springs, a
normal upbringing which included many
outdoor activities but remarkably no
climbing. In 1962 he decided that
aerospace engineering was the career
for him and set about his studies with a
will. It was while on a summer vacation

job in Yellowstone Park that Ray took
climbing lessons with instructor Barry
Corbet of Everest fame. The die was cast
and Ray threw himself into his new
passion, climbing many routes in the
Tetons that year.

By 1964 he had moved on to Northrop
University, Los Angeles, to study
Aeronautical and Astronautical
Engineering, qualifying in 1967 with a
degree in his chosen speciality. Moving
to Denver he began work as a systems
analyst, specialising in computer
simulated space flight, shaping
trajectories for earth satellite and
interplanetary missions.

Through the late 60's climbing took

on more urgency for Ray. By 1970 he
decided to give up the space race and
began climbing full time, with Yosemite
occupying his ambitions. It was
undoubtedly during this frenzy of
climbing activity that culminated with
his first ascent of the Nose on El
Capitan, that his need to protect those
soaring crack lines developed. The next
two years saw the grades escalate and
by the end of 1972 he had climbed his

first 5.11 New Dimensions, which was
the first all nut ascent. Clean 'pin free'
climbing was introduced to America by
Yvon Chouinard in the 60's, and as Ray
pushed the grades ever higher, the need
for a new fast method to protect his
ambitious projects became obvious. The
Friend was born.

Ray had begun to work on his first
prototype Friend in 1971 and during the
following five years both his climbing
career and Friend development
accelerated at an extraordinary pace.
During 1976 and 1977 Ray's investment
in climbing was paying off, even though
his other passion, Friends, had yet to
become a commercial reality. His
success on Routes like Crimson Cringe
5.12, Hangdog Flyer 5.12c, Separate
Reality 5.12, Owl Roof 5.12¢, Rostrum
5.12c and the first 5.13 in the valley,
Phoenix, were not only due to his
outstanding climbing ability but
undoubtedly the success of his early
prototype Friends.

During the summer of 1972 Ray had
met and climbed with fellow instructor
and future business partner Mark
Vallance at the Colorado Outward
Bound School, although at this time
Ray's early prototypes were still top
secret. It was much later, in 1975, that
Ray introduced his prototype cams to
Mark, a story told later in The Cam Book,
securing a future for what was to
become the first commercial camming
device, the Friend.

In 1977, after many frustrating attempts
to get his Friends made in the USA, Ray
teamed up with Mark Vallance to develop
and produce Friends in Derbyshire,
England. The story of that beginning, the
risks, the commitment, the facts, the
myths and the characters that made it all
possible is now told by these two
remarkable men.

4 WILEBOUNTRY ©  THE CAM COMPANY

Above: Scott Burke on 33rd pitch of Freerider, (left of the Salathé Headwall a
5.10 offwidth) Freerider is 37 pitches of 12d/13a. Photo: Eric Perlman




history

> a brief history of friends

Some day we climbers may wear special
gloves and shoes enabling us to scale
blank walls like spiders. Should we fall
off, like spiders our body harnesses may
instantly attach safety lines to the rock.
If and when inventors develop this
technology, we will no doubt consider it
clever... but obvious - thanks to our
20-20 hindsight. But for now, none
of us can envision the details.

And so it was with the Friends 25
years ago when | was inventing
them. The need was apparent, at
least to me, but the actual
configuration was elusive to me
and everyone else.

Seeking a device that would anchor
itself in a crack, and hold with
greater power the harder the pull, |
began the inventive process in
1971 with a dual sliding wedge
design. Taking advantage of my
aerospace engineering background
| analyzed this configuration and
found it mathematically unsound.
The internal friction between any
kind of wedge reduces their
holding power and in many
situations such a device could pull
out. | was inventing for my own
use and was not about to
compromise safety.

The constant angle spiral is ubiquitous
in nature, from seashells and pinecones
to swirling barometric pressure gradients
and the great spiral nebulas. Really it is
just an expression of uniform growth.
Descartes described the principle
mathematically in 1638, calling it the
equiangular spiral. Since then constant
angle cams have been used in
uncountable mechanical devices.

Configuring a workable device, however,
proved to be an enormous task. In
retrospect it took someone with
aerospace engineering skills, a questing
mind coupled with extreme motivation

and a passion for climbing - something
of a rare combination in those days
perhaps. For months | worked, building
camming prototypes, testing them at

the local crags and innovating design
improvements in the evenings at home.
In the end | filled a couple of sizable
boxes with discarded prototypes.

Then one day after
trying absolutely
everything | could
think of, and
continually
straining my mind
for ever more ideas,
the concept came to me of

a double set of opposing and
independently spring loaded cams. Like
wheels of a car having independent
suspension, each of these cams would
be able to adjust to widely varying
surface irregularities, within its limit, of
course. | put one of these 'quads’
together and took it to the crags for
testing. The cams were spring-loaded

against each other, and they were held
together with a high-tensile steel bolt.
But the bolt was wrapped with a piece
of ordinary strap iron as a stem, and of
course the device lacked any kind of
trigger.

On a 5.8 route which | called Fantasia
located at Split Rocks, | climbed to a
stance where | could almost let go
with both hands, | managed to
squiggle the quad into a handsized
crack. By the way it behaved | knew
instantly that it was the answer.

The following spring, 1974, | took
my first set of working prototype
Friends to Yosemite and climbed
dozens of difficult routes with
them. These units were rough hewn
and extremely limited by today's
standards, and | had only a limited
number of them: four size 21/2s
and three 31/2s. But they certainly
proved their worth, and at season's
end three of us used them in an
attempt to climb the Nose in a day.
Three hours of late afternoon
downpour immobilised us beneath
the Great Roof and forced a bivy

at Camp V. But we did finish
Fw in 20 hours total climbing
time, and managed to cut
the previous three-day
record in half.

In 1977 Mark Vallance
invited me to the UK
to help him start
manufacturing Friends.

Mark is a highly

dedicated and gifted individual, and

was the first person to see the
widespread appeal of Friends. Friend
marketability is obvious now, but it
certainly was not then, and Mark was
the visionary who made it happen.

The next year, Mark founded Wild

Country and started selling Friends.

Ray Jardine - 19 April, 1998.

Above: Ray Jardine nesting on Eagle Ledge, the Nose El Capitan circa 1980 Photo: Daniel Bolster
Inset: First working prototype Friend with strap iron stem Photo: Ray Jardine
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development

> with a little help from my friends

Starting a new business is like having
one hundred feet of rope out, no
runners and a 5.10 move in front of
you, and it can feel like that for
weeks on end.

| prepared to jump, the weather was
perfect, clear sky, hard frost and a
scattering of snow. The camera team
was in position and waiting, the
‘radio mike" was turned on and
recording.

| climbed past the top Friend, got my
feet above it, climbed a little higher -
‘Hell I'll give them a real show' - and
climbed a little higher still. Then |
jumped.

As the rope tightened, my belayer
was jerked upwards and | felt my
breath being knocked out of me. |
was lowered to the ground - no
need for a ‘retake’ The five minute
episode on the BBC's Tomorrow's
World programme was aired at the
end of January 1978 and a six year
secret was out of the bag.

It was 1972 when | first met Ray
Jardine in Colorado, | was on my way
back from Antarctica. We were both
working for Qutward Bound and
between courses climbed together.
Though | did not know it then, he
was carrying the first prototype
Friend around with him - four cams
on a shaft with no stem or trigger.
It required four hands to get it out
of a crack.

My first experience of Friends was
much later, in 1975. Ray was very
secretive. He was carrying a blue nylon
bag around which clinked and rattled.
It was another hot October day. We
were below Washington Column,
about to make the first ascent of
Power Failure. | was sworn to secrecy
before the blue bag was opened and
| was allowed to see its contents.

Ray's prototypes were an odd
selection. Some of them were

| prepared to jump, the
weather was perfect,
clear sky, hard frost and

a scattering of snow.

beautifully made with polished
aluminium, carefully filed edges,
sophisticated trigger assembly and
even 'J slots' for holding the trigger
in the closed position for neatness
and fast action. Others were gnarled
and bent from use and testing, or
just slung together to try out some
new idea, but retained in the
armoury because they worked.

The name 'friends' was coined by
Chris Walker when he and Ray were
about to go climbing with several
climbers who were not in on the
secret. Chris wanted to know if Ray
had the bag of goodies, but didn't
know how to ask without giving the
game away. Finally he said, "have
you got the bag of Friends, Ray?"
The name stuck.

After several disappointments in the
USA, Ray asked me to make Friends
in England. Much of the work we did
together over the summer of 1977
came to nothing. We could not find
anyone to extrude the 7075 stem
alloy. Everything was too expensive.
A simple nut with one blob of
aluminium, two drilled holes, a single
piece of wire and a swage cost two
pounds (1977). How could | make a
piece of kit with twenty seven high
tolerance parts and a whole stack of
holes and operations, and get it into
the shops at a half way realistic
price?

Left: Ray Jardine making the first ascent in 1977 of Phoenix 5.13a, Yosemite USA Photo: George Meyers
Right: Mark Vallance on Left Unconquerable, E1 5b, Stanage, Peak District, England 1979

Photo: Pete Freeman

When Ray left for California in
September he must have thought
that yet another attempt to get
Friends off the ground had failed,
but a few weeks later everything
started to fall into place. Now | had
to go for it, the long unprotected
lead. | borrowed all the money |
could and got the bank to give me
a second mortgage on my house.

| had some stationery printed and
started to place orders for tools and
components. Finally, in November,

| took a deep breath and gave up
my job - no runners on this climb -
either success, or a big, big fall.

Mark Vallance

Extract from an article published in
the 1978 Climbers Club Journal.
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how cams work

> designing the perfect cam

Friction and Angles

If you place a ladder against a wall
you don't need to be a rocket
scientist to know that if the angle at
which the ladder makes contact with
the ground is too big, the foot of the
ladder will skid away and you will fall.
Friction is what keeps the ladder in
place. You can verify this by taking a
plastic ruler and leaning it against a
wall. The angle between the ruler and
the surface you place it on can vary
but there is a point beyond which the
ruler will always slip.

The material that the ladder - or ruler
- is made from, and the surface it is
placed on are important. A wooden
ladder on a concrete path should not
be much of a problem but if a metal
ladder was used on a polished floor
you would need to be much more
careful. There is less friction between
aluminium and a polished floor than
between wood and concrete: a rubber
tipped aluminium ladder would be
safer.

To measure the degree of friction
between two materials - take for
instance an aluminium ladder and a
granite floor, a block of aluminium is
placed on a slab of granite. The
granite slab is then tilted until the
aluminium starts to slide. The angle of
tilt is measured and found to be 18°.

Using this information, a device can
be made that will illustrate how the
angle of contact is critical to stay
within the friction limit and hold in a
parallel crack. Two rectangular alloy
rods are bolted together so that they
pivot. For convenience a handle is
added to pull on. Aluminium alloy is
used because it is strong, lightweight
and has better frictional properties
than other strong materials. This
device will hold in a perfectly smooth,
parallel sided crack, but only if the

8 WILIEOUNTRY &  THE CAM COMPANY

Fig 1.

Fig 3.

rods are placed within the 18° angle
we have measured. For the sake of
simplicity this is shown in two
dimensions. (fig. 1) Just as the ladder
will slip if the angle is too great, so also
will the aluminium rod slip against the
side of the crack if the angle of contact
is more than 18°. (fig. 2)

(We use this principle when stemming
a very wide chimney. Climbers can
press at a steeper angle because they
have rubber soled shoes. See picture
of Matador opposite).

This device would have limited use as
climbing protection as it would only
fit one size of crack - but the concept
can be developed to fit a variety of
crack widths by using several pairs of
rods of different lengths (see fig.3).

If these rods are fanned out, a
familiar shape emerges - that of a
cam (fig.4 page 11).

Designing the Perfect Cam

A cam, as used in engineering, is any
roller with an asymmetrical shape.
What the climber needs is a shape
that will transmit the load to the side
of the crack at a consistent angle
within the friction limit of the rock -
what we call a constant angle cam.
So what is the perfect camming
angle? To answer this question one
needs to go back to the friction test.
Aluminium slips on granite at 18°,
but if this angle were used the device
would be at its absolute limit of
friction in a parallel granite crack and
would not work in a flared placement
or in say, a limestone crack. The angle
needs to be reduced a little. Ray
Jardine originally used 15° on his
prototype Friends, which was good
on granite, the rock he was familiar
with, but didn't work as well in some
rock types he climbed on in Britain in
1977.

Right: Keith Pike on El Matador 5.11a on Devils Tower, Wyoming, USA.

Photo: Brian Bailey



how cams wonrk

> designing the perfect cam

After much testing, Ray and Wild
Country decided on 13.75° (see fig.5),
an angle that worked well on most
rock types and allowed for use in
quite flared cracks, in such rock as
granite and gritstone. Wild Country
has never needed to change this
angle, which has become
internationally acknowledged as the
definitive camming angle.

Stability

Having designed the perfect cam we
need to make a workable piece of
protection. A device using two
constant angle cams rather than the
two rods as used in the first prototype
would still be very unstable. Friends
have four cams, which offer much
greater stability in the same way as
four wheels is more stable than three
wheels on a car. The width between
the cams also plays a key role in this
stability - compare a wide sports car
with a narrow van, which is more
likely to topple over. Therefore as part
of the design of Friends the cam
spacing increases proportionately
with the cam size, ensuring maximum
stability throughout the range of
sizes.

Plane of rotation

As the cams rotate about the axle
(known as the plane of rotation) the
force that they transmit to the sides
of the crack is directional. Friends
should be placed - whenever possible
- so that the stem is aligned in the
direction of the anticipated load from
the falling climber, and directing the
stem downwards generally works
best. This is not always possible, and
sometimes the fall may not load the
cams in a downwards direction, but
the single stem is designed to allow
the unit to swivel and align itself
correctly in most circumstances (see
fig.6). If the load is not applied in the

plane of rotation - the cams can slip
sideways. Remember the ladder. If
you present the ladder other than
square on to the house it will be
unstable and can slip sideways as
you climb up it.

Walking

If you place a Friend in a smooth
sided crack and move the stem, one
pair of cams will grab the sides of
the crack whilst the second pair will
slide deeper into the crack. If the
stem is moved in the opposite
direction the second pair of cams will
grab, and the first pair slide in deeper
(fig. 7). This is called walking and can
cause a Friend to move into a
placement that is less safe - possibly
making it move to a wider part of the
crack where the cams no longer
work. Because rope movement and
rope drag can cause the Friend to
move, we use strong springs to help
to keep the unit in the position the
leader intended. Sometimes the tiring
leader may curse the design
specification but the springs have
been carefully developed to provide
the maximum placement stability.

Flared cracks

To go back to the friction test again,
the same result would be obtained if
a block of alloy the size of a sugar
cube or a block weighing two tons
were used. The angle at which the
block will start to slip is independent
of the load applied. What this means
in practice is that if you place a
Friend in a flare and pull on it, and it
does not come out, (and so long as
you do not disturb the placement),
the Friend will hold up to the limit of
the unit or the rock. To fully
appreciate this, think back to the
ladder. If the ground where the
ladder was placed sloped down hill
there would still be a spot where the

g 13.75°
v

Fig 5.

Above: Mark Vallance on Antenna E4 63, Cornwall, England. Photo: Steve Foxley.
Left: Stefan Glowacz high on the first ascent of Odyssee 2000, (9-), Polar Bear Spire, Baffin Island, Canada.
Access to the route was by kayaking through arctic waters. Photo: Gerhard Heidorn
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how cams wonrk

> designing the perfect cam

ladder would hold and beyond which
the foot of the ladder would slip. As
the angle at which the ground slopes
increases, there will come a point at
which the ladder will never hold. The
same is true of flared cracks.
Depending on the type of rock there
will be an angle of flare in which the
Friend will never hold.

Getting them out

We've all done it; crammed in a
Friend in desperation knowing it will
be a real nightmare for the second.
When leading, try not to place them
in cracks that are too tight. When
seconding, assess the placement
before doing anything - you might
save yourself a lot of trouble. If it
looks or feels as though it's stuck,
squeeze the trigger as hard as you
can before trying to remove the
Friend. If this does not work and the
Friend seems well and truly stuck, ask
for a tight rope and/or clip into
another piece so that you can use
both hands, or if on a shorter climb,

rappel down later. Concentrate on
one pair of cams at a time and try to
feel or see if there is any movement.
The floating trigger design of Friends
will enable you to do this as it allows
the manipulation of individual pairs
of cams on either side of the axle. Try
using a nut key to free the cams. Use
a pair of wires looped round the
trigger to pull on the trigger bar
whilst pressing or tapping the end of
the stem to release the cams. Try
moving or tapping the cams sideways
- in the direction the axle is pointing.
Don't get angry and don't give up,
most cams can be removed with
patience.

Conclusion

Climbers develop skills in seeing
opportunities for placing nuts and
the same is true of camming units.
Whilst these skills overlap, they are
distinct. Some climbers can make
great nut placements but, usually
because they don't fully understand
them, are less successful at placing
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Fig 6.

Fig 7.

camming units. Selecting the right
size of unit first time requires
experience and using them is a skill
and as such needs to be learnt and
practised. Your safety is enhanced by
this skill.

Understanding how Friends work, the
design parameters and the limitation
of friction, cam angle and rock type
will help to increase your safety
further. As with all climbing gear,
when the chips are down, a marginal
placement made with a complete
understanding of the dynamics of
cam design is better than no
placement and informed and
intelligent misuse of your equipment
is better than having no gear at all.

Left: Mike Weeks, Man From Uncle (E6 6b), Pembroke,

Wales, UK. Photo: Simon Carter, Onsight Photography.
Right: Airlie Anderson on a one day ascent of Zodiac

5.10 A3, El Capitan, Yosemite. Photo: lan Parnell




Appendix ] - a Sample Leave No Trace plan

Objective:

It is Sierra Mountain Center’s objective to represent the state of the art in teaching and demonstrating mountain and wil-
derness skills and leadership. It is our hope that through learning and using current best practices for wilderness living our
participants will continue to develop personal values that will transfer to other aspects of their lives to help make the world
a better place. For instance, if it makes sense to pack your trash in the wilderness, it makes sense in the city, too. If you can
get by using only a couple of gallons of water a day in the wilderness, perhaps you can use less at home. The Leave No
Trace (LNT) concept is an important aspect of this objective and is a part of the Sierra Mountain Center ethic as well as a
core component of all our trips.

Means:

First, staff must embody this philosophy and be willing to teach and model LNT principles. All SMC field lead - staff are
certified as LNT trainers. Ongoing trainings, course audits, and field checks will help SMC directors ensure that this phi-
losophy is adequately addressed on SMC trips. As with any of our high standards, we are willing to dismiss guides who do
not meet our ideals for the LNT philosophy.

Second, starting with all our 2002 course information, participants will receive a list of the LNT principles with their course
information and a course specific page generated by SMC on specific concerns and practices for the area their trip is occur-
ring.

The Principles in the field on SMC trips:

All our trips start with a pack check and trip briefing. This is where the field aspects of our LNT program begin. We recognize
that guides will have and use different teaching styles and the fact that participants will also have differing learning styles. So
our trailhead presentation will be tailored with these differences in mind but will always contain information on area-specific
concerns and needs. We require a minimum level LNT presentation be provided at the start of each SMC trip, usually at the
trailhead. Beyond this we leave the presentation content up to the trip leaders. We believe that a minimum of lecture and a
maximum of modeling and utilizing “teachable moments” are the best techniques to get the LNT principles taught.

Trailhead “minimum” presentation for LNT:

2-10 minutes:

1. Review the LNT principles (Plan ahead and prepare, travel (and camp) on durable surfaces, dispose of waste properly,
leave what you find, minimize campfire impacts, respect wildlife, respect other users). Omit those that don’t apply (usually
won’t mention fire, maybe not “leave what you find”).

2. Address specific principles as suited to the trip. For example: Plan ahead and prepare: “we already did this for you and
to make sure we’re doing a good job with it we’ll do a quick pack check in a moment to make sure we all have necessary
equipment for the day.” Travel and camp on durable surfaces: point out an example of “durable” and an example of “fragile”
and describe how we’ll use this principle, specific areas of concern, how we’ll be taking breaks/staging on durable surfaces;
dispose of waste: reminder about garbage, whys and wherefores of garbage “biodegradables” and human waste issues ap-
propriate to the area; leave what you find: as appropriate to area; respect wildlife: as appropriate to area; respect other users:
objective is to minimize our presence and footprint: keep voices down, hand signals where possible at climbs, breaks out of
site from the trail, etc.

The principles and the SMC LNT Plan:

Plan ahead and prepare

*QOur priorities are: safety of the individual, safety of our equipment (because it directly affects the safety of the individual),
and safety of the environment. By avoiding problems in the first place many unnecessary impacts can be avoided. Through-
out our sign-up process we take care to ensure that participants are adequately prepared. We screen to make sure the trip
they are signing up for is appropriate to their experience and skills. We provide thorough pre trip information that describes
the activities that will be taking place on the trip. Our medical screening process is described elsewhere in our operating
manual. A complete packing list is provided to every participant. Before departing on the trip the guide(s) conduct a pack
check during which participant gear is compared to the equipment list. Omissions are corrected and extraneous equipment
is removed from participant packs. Every effort is made to bring only what is necessary, to teach the reasons for this, and to
use modern equipment, suitable for the environments in which we operate.

*We carry emergency and contingency equipment that is designed, in part, to more easily allow us to deal with emergencies

134




and problems within our group, avoiding the need for outside assistance. (Of course, if necessary, outside assistance will be
sought.) This equipment includes medical kits, communication equipment (radios, cell phones, or satellite phones, depending
on the area), emergency sled rigs on winter trips, and other winter safety gear as appropriate.

*Qur trips use time-tested itineraries and it is extremely rare that we’ll allow a route to be traveled “site unseen” by any guide
with a SMC group other than SMC owners Todd Vogel and SP Parker as a reconnaissance trip. Generally, we require our
guides to preview a route before guiding it, with information on route and camp locations from our files and from a guide
experienced with the route. To better prepare and learn from our experiences on trips we keep detailed records of problems
encountered on trips and annotated maps of all pertinent details. We’re in the process of consolidating our annotations to
the Inyo National Forest map booklet that became available this summer (2001). This book will have all our itineraries and
camps available for review in one convenient place.

*Qur group sizes are generally well below maximum allowed, generally two participants and one guide (about half our
trips). Our maximum group size is ten, eight ski tour participants and two guides (less than five percent of our trips have
this many people).

*We do not believe it is practical for us to avoid high use times altogether but we try to avoid high use trailheads during the
highest use times, instead diverting use to less popular routes and areas.

*SMC guides are required to know SMC policies and abide by them. This includes knowing agency rules and regulations.
*We work with agency personnel to become aware of any special issues and concerns specific to our areas. This information
is then transmitted to guides operating in these areas, and in turn, the participants.

Travel and camp on durable surfaces

*We make sure guides and participants know which surfaces are durable and which are fragile.

*We avoid travel and camping on or near riparian and other fragile areas. Our itineraries are designed with this in mind.
*We never “create” a campsite. We camp only on hardened spots or where it is possible to completely remove evidence of
our camp (exception being snow camps).

* At snow camps, walls and other structures made from snow are collapsed.

*Generally our trips occur in more “pristine” areas where it is important to disperse use to prevent new trails from forming.
Our objective at these spots is to leave no evidence of our passing, not even footprints (although we can tolerate a few...).
We recommend participants bring camp footwear that is easier on the terrain, such as flip-flops, or light camp shoes, to help
achieve this goal. Travel in pristine areas is an art and not all our participants are up to the task. We have carefully developed
a progression that helps bring new comers up to speed on trips that occur in less sensitive areas, allowing their skills to de-
velop before arriving at pristine spots. On pristine areas, the art of leaving not even foot prints is emphasized.

*Where our trips occur in popular areas we concentrate use, using established hardened camps and sticking to existing trails.
Care is taken to take breaks away from the trail, on durable surfaces.

*We take care to ensure our clients know and practice other tenants of this principle, such as traveling in the center of the
trail, even when it’s wet or muddy, taking breaks off the trail on durable spots, and, when necessary to pull over to let other
parties pass, doing so on durable locations.

Dispose of waste properly

*We follow the “pack it in, pack it out” principle. Nothing we carry in is allowed to remain including organic wastes and
the like (fruit peels, etc). Rest stops and camps are swept for dropped or forgotten items prior to departure to ensure nothing
is left behind. We also take measures to “naturalize” rest and camp spots, removing even footprints, if possible. We pack
out other people’s trash encountered en route. Exception to this is the occasional trash dumps that we come across. In these
instances, land management agency is notified (twice in the last five years we have encountered trash dumps on Inyo NF).
*Kitchen and cooking: We teach and emphasize proper food handling to minimize dropped food and waste.

*Human waste:

-Urine should be deposited on rocks or gravel, away from camp areas, and avoiding vegetated areas. On snow camps a loca-
tion away from camp is designated.

-Solid waste: Participants are instructed to dispose of human waste more than 200 feet (we usually say “five minutes or
more”) from water.

-In areas with “active” soil (generally well below tree line), we use the “cathole” method, disposing waste in holes dug 6-8
inches deep. -In areas lacking “active” soil (judgment call on the part of the pooper) waste is either deposited in shallow cat
holes or in a talus field in such a manner that social impacts will be avoided.

-In areas where social impacts could not be avoided or suitable distance from water cannot be achieved waste is packed out
using the bag system. Our guides carry this on all long climbs, the Whitney trail, and other routes, for this purpose. If the
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bag is utilized the pooper carries his own ...

-We pack our solid waste out from trips up the North Fork of Lone Pine Creek and from the ice climbing areas June Lake
and Lee Vining, and any area where suitable disposal sites are not available (on route on popular climbs, etc). We use either
the Forest Service provided bag system for this, or the ziplock/kitty litter/paper sack system. Waste bags are then disposed
of'in either the FS receptical provided at the trailhead at Whitney Portal or in vault toilets (only the paper bag and waste, not
the plastic bag, which is thrown in with regular garbage.

-On the rare trip when we utilize pack station support both in and out we pack out human waste using the river rafting
“groover” system.

-Snow based trips: take extra effort to find a camp with suitable waste disposal options. A site can often be found that is away
from water and has either exposed talus or sand on a sunny aspect (to speed decomposition) or tree wells in which waste
can be deposited. Participants are made aware of the difficulty of assessing whether or not a water course is nearby. With
care suitable spots can be found. Certain trips waste is packed out (base camp spring tours during heavy snow years when
suitable disposal spots are not available).

-To further control the disposal issue we supply participants with toilet paper, pack-out kits (where appropriate), garbage
bags, and have a presentation on proper methods at the pack check.

-Used toilet paper and other hygiene products are packed out (alternatives to tp are discussed). We discourage burning tp
due to risk of fire and the fact that there always seems to be a remainder that won’t burn.

-We provide participants with small bottles of hand sanitizer to help deal with sanitary issues.

-We rarely bring soap on our trips but sometimes participants sneak some along. Participants are instructed to use soap more
than 200’ from water, and then use it sparingly. Disperse soapy water on rocky or sandy areas. Dishwater is strained and
discarded on rocky or sandy areas. Better yet it makes a fine weak tea...

Leave what you find *All natural objects should be left as they are found.
* Archeological objects are to be observed but left in place.
*Campfire rings can and should be naturalized in areas where fires are prohibited year round.

Minimize campfire impacts
*Use of campfire is rare (our policy is that the use of campfire is restricted to emergencies only. We have not ever had a

campfire on an SMC trip.) on SMC trips as we cook on camp stoves and avoid the use of open fires as a matter of convenience
and impact. But it’s important for participants to learn the whys and wherefores of camp fire use. Guides should help clients
understand why fires are forbidden in certain areas.

*If a campfire is used (hard to imagine) it should be a leave no trace mound or pan fire, or take place in an existing fire
ring.

Respect wildlife

*We have adopted a policy of working with agency staff to learn more about species of concern so we may better educate
ourselves and our clientele.

*Food is stored so as to be critter-proof on all SMC trips. Bear cans are used on all trips into bear habitat where required by
law and on all non-ski based trips into Sequoia/Kings NP, Yosemite NP, and the Minarets area.

*Wildlife should be observed from a distance and not approached. Don’t harass the wildlife (if food is stored properly you
won’t have to throw rocks at the critters).

*Pets are not allowed on SMC trips.

Respect other users

*Protect the quality of other user’s experience. Take breaks and camp out of site of the trail and other parties may not even
know you are there, thus reducing the number of encounters with other parties.

*Yield to stock by anticipating their presence, stepping the entire party off the trail on the downhill side at a durable spot.
*Avoid conflicts on the routes: talk to other parties and learn their plans, get up early to avoid competition for the climb.
Have an alternate in mind and be willing to use it.
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PCIA Base Managed Climbing Instructor Course
Pre Course Written Assessment

Please answer the following questions and return the completed material to your instructor in advance of the course or
bring it to the first day of the course as requested by your instructor. The test is open book.

This questionnaire is used in part to help determine your strengths and identify gaps in your knowledge base. It also
serves to help define the scope of knowledge that is expected of certified top rope site managers in areas that may
be difficult to assess in field observations. You will also be given a post course evaluation that must be completed and
returned to your instructor before the end of the course.

Name: Course Provider: Date:

Please attach extra sheets if necessary

1. How would you find out about the access situation of a rock-climbing venue?

2. What is meant by the term “American Triangle”? s this set up desirable or not? Explain why or why not and
include other options if appropriate.

3. To whom would you recommend wearing a full body harness rather than just a sit harness?

4. When teaching novices to belay with a Grigri, identify at least four important points to address?

5. Describe how fall factors are calculated? Are high fall factors common in top rope climbing?

6. How would you assess the condition of a climbing rope? What would you be looking for? What information would

you like to know about its past use?

7. What is the difference between a knot and a hitch?

8. What American organization works to keep climbing areas open and to conserve the climbing
environment?

9. What are the three levels of AMGA Certification in the “Rock” discipline?

10. Which organizational body is currently responsible for setting international minimum safety standards for climbing
equipment?

11. When a climber refers to the “Nose”, what is she likely talking about?

12. Identify seven principles of Leave No Trace (LNT) and give a concrete example of how each can be related to

minimizing impact by climbers.
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13.

14.

15.

16.

17.

18.

19.

Identify five important concepts that should be evaluated in every anchor system? Please explain each - including
the commonly accepted norms / criteria for each.

You have arrived at a cliff with two clients to climb and discover that both have left their helmets back at the shop.
Describe how you might handle this situation.

Who was Fritz Wiessner and how is he related to climbing sports?

Outline a standard method of verbal exchange between a belayer and climber when top roping.

Belayer Climber

What is meant by exfoliation with respect to cliff environments?

Across America, many crags are closed to climbers from May to August to help protect what nesting bird?

In the Climber’s Guide to Red Rock you find a climb with the following grade - 1l, 5.7. What does each component
of this grade mean?

20. The most appropriate method to stop severe bleeding is:

a. Tourniquet b. Pressure points, elevation
c. Expose area, direct pressure, elevation d. Direct pressure, add dressings if bleeding continues.



22. Number the following steps of assessment and treatment of a medical problem in the appropriate order:
____ Splint lower leg fracture and dislocated shoulder
______ Check airway, breathing, circulation, stabilize spine
______ Size-up the scene
______ Examine patient, take vital signs and history
_____ Develop a problem list

283. A student of yours slipped on the rocks and hit the back of her head. She was knocked out for about 30 seconds. She
regained consciousness and is now oriented, calm, and has a normal mental status. She has no spine pain/tenderness,
and normal motor/sensory function. The exam is normal except for a small bump on the back of her head. Vital signs

are normal.
a. She has had a concussion and should be evacuated b. She has a head injury with increase ICP
c. She is okay and does not need to be evacuated d. Her spine will not be able to be cleared
24, How are each of the following rock types formed? Give an example of each.
Igneous

Metamorphic
Sedimentary

25. Who was Conrad Kain and how is he related to climbing sports?



PCIA Base Managed Climbing Instructor Course
Post Course Written Assessment

1. Give three examples of how you might help a group of 10 ten year olds get to know each other at the start of a
climbing day.

2. What is meant by tri-directional loading of a carabiner? Is a carabiner intended to be tri-directionally loaded?

3. What steps could you take to reduce or eliminate the hazard of pendulums on top rope climbs with diagonal or tra-

versing sections?

4. List five things you could do to limit the impact of your group at a popular crag.

5. List at least three factors you should consider when choosing a rope for an institutional top rope set up.

6. Why do we strive to limit extension in an anchor?

7. A rappeller, who is also being belayed on a separate rope, has entangled his hair in the rope/rappel device and is

groaning loudly in pain part way down a cliff. Describe options you could use to resolve this issue. Include any ideas that
might have made it easier to resolve as well.

8. Identify five reasons why you might choose a top managed belay.

9. Identify five reasons why you might choose a bottom managed belay.

10. Describe your decision making as to whether a releasable rappel should be used for a given site.

11. The bottom of your site is exposed and belayers may be at risk of falling off. Identify two methods you could use

to mitigate this risk.

12. What can you do to insure that a climber does not take a long fall while a student is belaying?

13. Give 3 reasons why would you suggest that someone attach a belay carabiner to the belay loop rather than connect
it to the swami and leg junctures of a harness.

14. Describe 3 ways to protect yourself while doing a demonstration climb.

15. Describe 2 — 3 technical methods or instructions you could use to reduce rappeller anxiety.

16. What is meant by the term “client care”? Give three examples of good client care.

17. You are in the open on a mountain ridge and a lightening storm is approaching fast. The time from flash to sound

is 5 seconds. What would you do with your group?

18. If you wanted to bring a group to a national park area or national forest area, what would you expect to have to do
in advance? Can you bring a group to any national park you want?

19. Discuss the pros/cons of belaying with a Grigri vs. a belay plate in a bottom-managed belay.

20. Give three reasons why it is usually a good idea to have a belayer tie in for a bottom-managed belay.

41



PCIA Base Managed Climbing Instructor Course

TECHNICAL OBJECTIVES & STUDENT PERFORMANCE RECORD

The following skills must be observed for successful completion prior to beginning the certification exam. Many of the skills
are cumulative such as anchoring where the candidate is first observed building anchors to a master point then later asked
to build an anchor and demonstrate a top managed belay from it, thus not every component skill listed will be evaluated. In
this manner, the course provider has multiple opportunities to observe both individual skills and transitions.

Each exercise should be demonstrated in a quick, efficient manner that demonstrates thorough understanding of the objective
prior to signing off the skill. During all assessments, the candidate will be expected to protect themselves adequately, provide
any needed redundancy to student belays and protect any on-looking climbers.

Student Name: Course Dates:
Instructor(s):

C1. Knots and Hitches. Objective: The candidate will demonstrate the ability to fluently tie the following knots and to
demonstrate the appropriate application of each:

C2. Sit harness made from rope or webbing. Objective: The candidate will demonstrate effective construction of a sit
harness with webbing or rope. The harness must include leg loops, a swami and be redundant such that if the closure knot
loosens, the harness remains secure.

C3. Chest Harness made from rope or webbing. Objective: The candidate will demonstrate effective construction of a
chest harness with webbing or rope. The harness must attach to the rope in such a way as to not compress the torso or fully
weight the chest harness and must keep the participant upright.

C4. Passive and Active Protection. Objective: The candidate will demonstrate the proper placement of a variety of artificial
protection devices. This may be evaluated as part of other anchor evaluations.

C5. Natural Protection. Objective: The candidate will be able to verbalize and demonstrate the assessment and use of
natural anchor components.

C6. Bolt Anchors. The candidate will articulate how to assess bolts.

C7. Equalizing Systems. Objective: The candidate will be able to verbalize and demonstrate appropriate use of a variety of
equalizing systems which includes pre and self equalization with artificial protection. Observations should reflect a diversity
of gear and material applications. Time Limit: 5-10 minutes each

Summary comments of anchoring skills:
Top Managed Skills (for TMCI Course)

C8. Lowering skills

Objective: From an appropriate anchor the candidate will demonstrate the set up and use of an effective direct anchor
instructor lower using a Munter Hitch or redirected plate. The candidate should be able to articulate the pros and cons of
the lowering tools. Appropriate backups should be used on the lower. Students must lower at least 30 ft. Time Limit: quickly
and efficiently.

C9. Student belay (top managed). Objective: From an appropriate anchor the candidate will demonstrate the set up of an
effective student belay. The candidate will first provide a lower or belayed student rappel. The candidate will then supervise
a student belaying another climber. The belay must be at least 30 ft. Time Limit: quickly and efficiently.

C10. Raising Skills. Objective: From an appropriate anchor: Scenario 1. The candidate will establish an instructor belay,
with no additional students present — as in a 1:1 situation and will lower a climber 20ft. The candidate will then demonstrate
a raise appropriate to the situation of approximately six feet. Scenario 2. The candidate will establish an instructor lower of
20’, transition to a student belay. The candidate will then demonstrate a raise appropriate to the situation of approximately
six feet. The raising system must be different than that used #2scenario 1. Time Limit: quickly and efficiently.



C11. Rappelling site skills. Objective: From an appropriate anchor the candidate will establish a rappel appropriate to
the terrain and participants. The student will rappel 20 ft and become stuck. The candidate will solve the “problem” and the
student will rappel to the ground.

Bottom Managed Site Skills:

C12. Instructor safety rappelling over the edge. Objective: The candidate will establish an appropriate anchor for a
bottom managed climb. The candidate will then demonstrate rappelling over the edge safely, transitioning onto the climbing
rope, and rappelling to the ground.

C13. Bottom Managed Climbing Management. Objective: The candidate will demonstrate the management of a bottom
belayed climb with student belayer(s). The candidate may be asked to demonstrate solutions to any of the following problems:
climber grossly outweighs belayer, use of a back-up belay person, absence of back up belay person, difficult or third class
staging area, various belay options.

C14. Counter balance Ascending and Rappelling. Objective: The candidate will counter-ascend to assist a stuck client

and will then counter-rappel to the ground with the client. During this process the candidate will demonstrate appropriate
client care to the belayer and stuck client.
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COURSE & PROVIDER EVALUATION

Instructor: Course Location: Date:

Dear participant: Please take the time to complete all applicable topics at the end of each day. This will contribute to program
improvement

Comments on Course Provider Comments on Curriculum — leave in,
delivery, time management, etc take out, just right, change to, etc

Professionalism Discussion

Role modeling of professionalism
Discussion on Instructor Roles /
Expectations

Instructors role modeling
of games and activities

Leave No Trace lesson /
Role modelling

Learning and teaching styles
presentation

Course Provider demonstration of
lesson and site management

Experiential education overview

Climbing equipment presentations

Anchoring principles

Belay Principles and Methods

Top managed climbs

Bottom Managed climbs

Rappelling

Ascending

Raising Skills

COURSE & PROVIDER EVALUATION p2. Please provide detailed answers.

How did you find out about the course?



Did the course match the course curriculum?

Are the course pre-requisites adequate?

Was the pre-course information useful?

Were assignment provided in advance of the course?

Did the course provide you with new skills or information? Please provide one or two examples.

What suggestions do you have for curriculum enhancement?

What suggestions do you have for course provider improvement?

What percentage of course information was new to you?

Please comment on the evaluation process. How would you evaluate this course?

What was the best part of the course?

What was the worst part of the course?

Should challenges be allowed in the exam?

Would a book, video or CD be most useful in helping you learn this information?

Other Comments:

Thanks!
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