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INTRODUCTION

There has been an increasing trend among climbers and mountaineers, at least over recent years, to protect their rappelling with an Autoblock self-belay (Fasulo, 1996), (Raleigh, 1998), (Luebbin, 2002), (Cox and Fulsaas, 2003). Locally, Federation Mountain Rescue has taken a lead role in advocating this safety practice.

In another study one of these authors (Farmer, 2006), has confirmed with laboratory testing the modern advice on the preference, in a wide range of configurations, for the Autoblock over other friction knots which might be used for this purpose.

In this work we report on a now reasonably tested improvement to this standard method. This improvement is quite conservative; it retains the established advantages of the existing usual Autoblock protected rappel and seeks to reduce some of its disadvantages by re-arrangement rather than rejection of its safety components.

MOTIVATION

Climbers, cavers and mountaineers traditionally have sought, or invented, means of improving their safety, equipment and techniques and have adapted advances discovered elsewhere for their own benefit. These developments usually spread throughout these communities relatively quickly, because most of their practitioners are competent to make informed judgments regarding these innovations.

There are many methods of accomplishing an abseil and these have evolved over the years. Davis (1969) gives a number of different methods in three broad classes. Quite a number of these would rarely if ever be seen in use today. Some methods however, have remained surprisingly durable. The 'Classic' or Dulfersitz method still finds recommendation as does the Carabiner Brake or 'Crossed Carabiner' method (Cox and Fulsaas, 2003). The last of these still finds regular use among rescuers (Setnicka, 1980), (Cox and Fulsaas, 2003). However, even among these durable methods, changes and sifting occurs. Of the many variants of the 'Classic' method given by Davis (1963), few are recommended today.

As part of a routine investigation on aspects of abseiling that have proven difficult, challenging or compromising for beginners and others, Federation Mountain Rescue naturally investigated the increasingly popular Autoblock self-belay protected rappel.

Whilst it has many benefits, compared with many earlier methods, it is not without its drawbacks.

Could the benefits of this increasingly standard method be improved further without adding new difficulties? The answer now appears to be clearly in the affirmative.

AIM

The aim was to design, develop and implement a safe and simple system of abseiling which substantially and automatically self-corrects for many of the known problems which may arise during a rappel.

This is just one aspect of several safety features introduced by Federation Mountain Rescue but, until recently, rarely practiced by bushwalkers.

Some of these safety management features include, advocacy of separate anchors and rigging for the top belay, self-belay and self-rescue of and by the abseiler, the design and implementation of intrinsically safe systems, avoidance of known adverse rigging configurations, testing of deliberately created adverse conditions to gain assurance on reliable response, testing of the various components of a sound abseil system to base conclusion upon experimental data and sound theoretical interpretation, the long known dangers of gloves except when necessary as in mountaineering conditions, and, finally, the encouragement of a positive psychological approach to safety.

In particular, this document reports the early analysis of a new robust method, its testing to date in a deliberately wide range of situations, its peer-review, the results of deliberate attempts to assess its performance in the event of purposefully created failures and by articulating its advantages compared with the standard Autoblock self-belay protected rappel.

THE CURRENT AUTOBLOCK METHOD

Fasulo, (1996), describes the set-up for the backing-up an abseil with an Autoblock extensively in Chapter 5 of his book.

His motivation is that "The art of rappelling is not a mystery to most climbers. However, many climbers could use a few additional techniques to guarantee safety and provide for unusual circumstances. Whether you are involved is a rescue, or simply descending from a pleasure climb, always backup your rappel." This remains worthy advice, especially for a beginner.

The Autoblock knot and its use for protecting an abseil is given under the knot 10 section of Luebben's (2002) book.

'Freedom of the Hills', (Cox and Fulsaas, 2003) also reports on this method on pp. 203-204.

We will not elaborate on these works.

BACKGROUND

For present purposes abseiling or rappelling will be any technique used for descending steep or vertical surfaces with the aid of a sound anchor, an adequate rope, optionally a harness and optionally a friction device. This activity requires a sound and adequate knowledge of skills of applying friction to the rope to control descent and to use this safely and efficiently.

The original aim was to provide a method to prepare bushwalkers to abseil safely, in either a planned or unplanned situation, in an Australian bush setting with a minimum of gear.

The method developed may have wider applicability.

For bushwalkers, the current lack of Insurance cover for prusiking is another unhelpful constraint on providing additional safety using older abseil methods.

ANALYSIS

A number of potential problems during an abseil have been noted in the past. A list of over 40 may readily be generated as a result of a normal literature review.

Other significant problems with other rappel methods such as freeing a locked Prusik knot above the abseil device, will not be examined here since they do not arise.

All these sources of problems were considered

Note: The use of a separate anchor for a belay has long been advocated (Main, 1980) but is still often avoided, probably more through traditional usage than clarity of anticipation, and so the difficulties of escaping a belay are still discussed (Fasulo, 1996), presumably to cover cases where an independent anchor is unavailable.

THE NEW METHOD

The new method places the Autoblock in-line and well below the abseil device. Both are attached to the harness which may be as simple as one fashioned in an emergency from a large sling, webbing or accessory cord.

As with the standard method, care needs to be taken that the Autoblock can not possibly work its way into the abseil device.

All of the components of the new approach are well tested and this slight re-arrangement is expected to lead to improvements. Obviously, the real test is to try it, and examine the results, carefully.

This has now been done over several months.

STATED ADVANTAGES OF THE USUAL AUTOBLOCK SELF-BELAY PROTECTED ABSEIL

As Fasulo (1996) points out regarding the Prusik above the device method, "if you load the Prusik knot while rappelling it is very difficult to release."

In addition to all the advantages of having a self-belay, the Autoblock by being placed underneath the abseil device, provides further advantages.

Fasulo continues in regard to this by stating that; "if you remove your brake hand, the Autoblock will hold the rope in the brake position. Since the Autoblock simply replaces the brake hand if the rapeller lets go, it takes less force to keep the rappel device locked. Therefore this knot is easily unloaded by applying downward pressure to the top of the knot after it has been weighted."

These advantages remain with the new method.

PERCEIVED DISADVANTAGES OF THE USUAL AUTOBLOCK SELF-BELAY PROTECTED ABSEIL

The abseil control hand now has two tasks, controlling descent and keeping the Autoblock free.

The other hand plays no potential role in control, although it continues to provide balance.

Shirt ends, climbing gear or vegetation may become caught in the Autoblock.

In the event of the abseil becoming compromised, any shock load can produce an additional torgue leading to spin with unpredictable consequences.

The method relies on a harness with leg loops.

The Autoblock is out of easy sight.

Any entanglement of the Autoblock with the device leaves the abseiler in a bent position.

Most of these drawbacks arise from the Autoblock being attached to a harness leg loop.

PERCEIVED ADVANTAGES OF THE NEW MODIFICATION

Everything is in full view for the abseiler.

Climbing gear, clothing, vegetation are further away and less likely to become involved.

Both hands can now control the descent, independently if needed, which is a clear advantage in the case of injury and for control. Indeed, the method is capable of subtle control of descent rate because both hands can now apply friction to the rope. In a worse case, if the abseil control hand is released, competent control of descent is possible through use of the Autoblock alone.

Abseil speed is reduced, which is especially useful for a novice. Once skill is gained the method is almost as fast as more traditional techniques.

Balance is still cleanly maintained.

Shock loads do not produce torque.

In the event of foreign material entering the device or Autoblock the abseiler has a wide range of freedom of movement.

Gloves are not needed.

The method is fairly robust to less-than-ideal implementation of many of its components.

The method can be used with any type of harness, even one quickly improvised from a sling.

The improved method works with many types of abseil devices; Figure of Eight, Sticht plate, crossed carabiners, Whaletail and the Munter hitch.

The method lends itself to lightweight but still well protected single rope use. For an all natural anchor, an 8.9mm by 50m kernmantle rope, a large sling for a harness, a couple of different sized pieces of webbing (or two slings, one small, the other larger, both doubled over), two aluminium screw-gate carabiners and a 6mm loop of cord for the Autoblock has been field tested and found adequate.

Interestingly and usefully, in another study (Farmer, 2006) the Autoblock worked for the widest range of turns in the knot, (4, 5 and 6) for 8.9mm rope giving additional robustness. No other tested rope diameter performed as well and neither did any other friction knot out of the group of Autoblock, Bachmann knot, Prusik knot and Klemheist knot. Also in that study, it was found there was always an Autoblock knot with an appropriate number of wraps, which worked for a wide variety of commonly used climbing ropes. This general applicability did not extend to any of the other knots mentioned.

POSSIBLE REMAINING DISADVANTAGES

The Autoblock might still become entangled with the abseil device.

Best results are achieved if the Autoblock carabiner is not directly connected to the harness, but is extended from it with a sling, cord or a quickdraw (hero loop). Simply, the set-up should allow full rotational freedom for the Autoblock to respond to all possible loadings.

This comment also applies to the carabiner to which the abseil device is attached. It should not be directly connected to the harness, but is extended from it with a sling, cord or a quickdraw. Directly connecting a carabiner to a modern sit harness with a Figure of Eight rapel device has led to at least one fatality and several near misses (McMillan, 2000). This method constructs a cinfiguration which avoids this possibility. Again and simply, the set-up should allow full rotational freedom for the abseil device carabiner to respond to all possible loadings preventing the Figure of Eight from forcing its attached carabiner to gate-release under load.

As with the usual Autoblock support, care is needed to check that the abseiler has the correct number of turns to secure stoppage in the event of mishap.

Care in the choice of cord diameter is needed. Cord of 6mm appears to be about the best choice for the widest number of common climbing rope diameters. 7mm cord works also but less easily.

On being rigged for the first time, there can be delays in ensuring that everything is correct and checked.

Beginners need to be reminded that because they can so easily let go at any time that they should not do so unless there is a definite need, and then with care, and in sequence. They need to be reminded that use of older methods in this way can be extremely dangerous. To partly overcome this, Federation Mountain Rescue is now still teaching some of the older techniques to heighten awareness of this potential problem.

TESTING AND PEER-REVIEW IN A VARIETY OF CIRCUMSTANCES

After initial trials at a climbing wall, the setup was tested in a bush setting using single rope technique. That is, no top or bottom belays were used. These rappels were done into pools so any mishap would have led only to an unscheduled swim.

The method was internally peer-reviewed by advanced Federation Mountain Rescue Leaders each with at least 25 years of abseiling experience in demanding and testing conditions. All had previously instructed in abseiling, again over many years.

In November, 2005, about twenty five bushwalkers who had volunteered to assist with future instruction, attended a course containing the new method. Anonymous feedback forms were gratifyingly positive. While some attendees had relatively little past demonstration of ability to their credit, many others had. Some people in attendance also abseil as part of their voluntary or paid work for other organizations.

Several instruction and testing sessions have since been conducted privately and have been tested in a variety of built and bush environments.

In late December 2005 a member of the New Zealand Mountaineering Council with abseiling qualifications in the UK, Australia and NZ, peer-reviewed the new adaptation for us. He was impressed enough to take the method across the Tasman. We await further feedback.

An increasing number of bushwalker beginners have already received Federation Mountain Rescue training with this method, and others, with enhanced results and welcome feedback from participants. The method has been particularly well received by first-timers, some going over an overhang on their first descent. People with a wide range of ages, skills, backgrounds, physical fitness, weights and past experience have now successfully completed abseils using this adaptation. One individual with a prosthesis has also used the method with ease. In all these cases both top and bottom belays were used.

Wet and slippery conditions do not appear to adversely affect the performance of the method. It has now been done in the dark, also.

Some fairly lengthy rappels over overhangs with respectable drops, and using single rope technique, have also been successfully completed.

A number of S. E. Qld bushwalking clubs are now using this method or a closely related method, sometimes rather more casually than may be warranted, which is a concern. The number of abseilers using this new method are still relatively small but growing quickly.

Several private groups have now also performed their first or most recent abseils using this technique.

One person has even performed it in their business clothes!

Notwithstanding this, abseiling remains an activity with considerable attendant risk and constant vigilance and checking are essential.

CONTROLLED DELIBERATE ATTEMPTS TO ASSESS THE PERFORMANCE OF THIS METHOD IN THE CASES OF PURPOSEFULLY CREATED PROBLEMS

Perhaps more important than successful completions of abseils with this new modification is to consciously seek out its limits and any possible difficulties, and to seek to what extent the above problems are mitigated by its use.

Work in this area is progressing, so this is an early report that will be updated as more information becomes available.

It is doubtful if older abseil methods were subjected to such systematic analysis prior to widespread use.

An obvious potential problem, common to all methods in which the abseil device is some distance from the harness, is the possibility of hand jam as one swings inwards after passing the lip of an overhang. Leaning back and smoothly dropping as one passes the lip and swings inwards has been demonstrated to be straight-forward in practice despite its theoretical possibility of presenting problems. No gloves were used or needed.

We turn now to a report on progress regarding the problems referred to above:

Quality of equipment, sound anchors and properly tied knots require the same level of care for all abseil methods. No specifically new problems arise for these.

Proper rigging is again as important for this method as for any other. There are cases where an abseiler, regardless of means of abseil, will choose consciously not to self-belay. Simplicity, speed of assembly and getting off the rope, efficiency, and possible difficulties if the abseil ends in water are some reasonable grounds upon which an experienced abseiler may make a judgment call against a self-belay.

Hair, helmet, clothing and footwear problems are reduced using this technique. More deliberate testing of this is in progress.

Gloves are not needed. Montgomery's (p 69, 1977) concise and insightful advice that "One might argue that on any pitch gloves are an essential precaution in case control is lost. However, it is a sure result of human nature that if they are not worn, loss of control is less likely because, for the sake of hand comfort, one will make greater efforts to adjust friction properly." remains sound. In general, any method which has an independent mechanism of reliably activating upon loss of control will not need gloves. As things can deteriorate rapidly on a failing abseil the sooner remedial action is taken, automatically or consciously, the more favourable the results. So the ability to feel what is happening is a considerable asset to the abseiler and both the usual and this Autoblock method can benefit from gloves-free use. 

Mountaineers wear gloves for other reasons, so it is important to ask and answer the question as to whether this method is compromised by wearing gloves, particularly bulky ones. The answer appears to be, no more than other methods, and the high degree of control afforded by this technique may still be implemented with fully gloved hands. Importantly, the range of gloves which may be used is extensive, from surgical gloves to full mountaineering attire.

Use with extra top and bottom belays is not in any way hampered by either of the Autoblock techniques and their minor variants.

For halting of a descent and tying-off during an abseil simply letting the Autoblock grip suffices. Nothing extra needs to be done. The benefit is immediate. Of course, other ways of halting descent and tying off may still be used. They now have an additional back up.

Self-belay, Self-Rescue and Rescue is again greatly facilitated. The compromised situation is immediately stopped and stabilized. Both hands, rather than one, are now free to attend to recovery by any of the usual means.

Speed is reduced and insufficient friction is not a problem since two means, either of which will suffice to produce adequate friction are now immediately at the abseiler's disposal. On faster abseils heat build-up can occur in the friction knot. It appears, though this is not yet fully tested, that if the Autoblock became too hot the natural response would be to let it go causing an immediate arrest and removal of the cause. Un-gloved hands would ensure this happened earlier rather than later introducing an additional safety factor.

All components meet Montgomery's (1977) strength requirement of being able to hold at least a 500kg load independently of each other.

Abseiling over knots or through other difficulties is now simpler. Much of the complexity, and requirement for physical strength in adverse arrangements, is now reduced.

Lock off above the knot. Tie a Figure of Eight on a bight knot into the falling or free end of the rope and clip it to the harness for additional safety. Place a top friction knot above the abseil device but comfortably within reach while under load. An Autoblock is ideal. Transfer one at a time both the lower Autoblock and abseil device to just below the knot, keeping two attachments to the rope at all times. Move them snugly just below the knot. Re-weight the lower Autoblock, under control of the upper one if needed. Remove the upper friction knot, the one still above the knot in the rope. Remove the Figure of Eight knot from the harness and undo. And off you go as before. This method is suitable in an emergency, can be achieved using standard equipment and uses the usual sequence.

An even more flexible arrangement is to use an Autoblock above the knot with one Autoblock tail tied off with a Munter-Mule girth hitch knot. This is described in detail by (Morehouse, 2006). It works well in practice and provides additional safety if the top Autoblock gets out of reach. It may still be released when necessary. This method requires a longer accessory cord loop and needs to be prepared and tested in advance of need. The advice given by (Morehouse, 2006) about cord diameter, type of cord material and number of turns in the Autoblock has been coroborated in the systmatic study by (Farmer, 2006). This method is suitable in cases when the need to abseil over a knot is known in advance, requires a larger Autoblock loop (or one fashioned from two normal Autoblock loops tied together) and uses a more efficient sequence. Three normal sized accessory cord loops are needed or one of normal size and one of larger size. The larger size may be made from a 3 to 4m length of cord and the smaller from a 1.4m length of cord. This allows for the double fisherman's knot to be tied with adequate tails. 

Control is admirable with this method. Fine control is achievable with either or both hands simultaneously sharing the control function.

Entangling has not yet been fully tested. Rapid stopping is anticipated to assist.

Hanging and circulation problems are greatly reduced. Rapid re-alignment to a vertical position is achievable without outside help. Two free arms may assist with this if needed. An unconscious person (untested) would need to be attended, with the same urgency as in any similar abseiling incident.

Stonefall remains a problem but there is less likelihood of it knocking a person into an un-arrested position. Problems of rock-fall directly injuring the abseiler or the rope are the same as with other methods and require the same high level of care and rapid response.

Rope recover is unaffected by this type of abseil method, in itself.

Spin is far less a problem. Even on overhanging rappels, little angular momentum is generated by application of this technique and has to be consciously induced if a 360 degree video or film is to be taken, for example. Incidentally, photography is considerably easier using this approach as stopping of the descent requires little action other than locking the Autoblock. Other protection then may be implemented such as a leg wrap for more safety.

Use over edges, particularly at the start of the abseil, is improved. With two methods of response to slips or inversion it is hoped they can be dealt with deliberately or otherwise in a timely way. This has now been tested under controlled conditions.

Use of this set-up can reduce fear. The slight increase in complexity has not been observed as a problem in practice, even though this was anticipated as a possibility. For particularly sharp edges with no foot holds to support walking down and swinging into the abseil as described in (Cox and Fulsaas, p 200 2003) the same approach as negotiating the edge of an overhang works successfully.

The versatility of this way of abseiling is such that, except for special circumstances, transition from past methods to this has been unexpectedly easy. It is able to be used on a variety of rope sizes, with a variety of Autoblock cord thickness and number of wraps, in adverse environmental conditions, and with double ropes. The advantage, applicable to most friction knots, of being workable on a double rope system where many mechanical devices are not, is an added bonus. 

Weight, size and cost may be minimized without compromising safety using the light-weight, compact and cost-effective set-up described previously.

Ability to vary friction is superior to many, if not all, other common methods and is comparable with those using a variable friction mechanical device such as a Petzl or Grigri.

Bouncing, which is not recommended because it unnecessarily stresses anchors, ropes and other components, is perhaps beneficially, slightly hampered by the need to keep the Autoblock loose. Bouncing and rapid release could be expected to have unpredictable results and has not yet been tested extensively. Partial testing has been encouraging.

Durability of the Autoblock cord is a concern. The cord may become warm. Damage on a fast descent is a possibility. Concerns about this apply equally to all Autoblock protected rappels.

Fall safety is enhanced by the rapid 'automatic' response. There is no delay in having to set-up gear to respond.

A person with some upper arm injuries (simulated in tests done so far) is quite able to safely execute this rappel using this means.

Jammed rappel devices have not yet been fully tested.

Lowering is the same as for other locked-off abseils.

On-off time is increased because of the extra protection. First-time use can require some fiddling to get everything safely functional. However, once set-up the whole is easily transferable to other cases. The principle new variable for different ropes is selection of abseil device, possibly, and variation in the number of turns in the Autoblock knot to secure full arrest.

Pendulums have been partly explored with favourable results.

Security is enhanced by the simplicity of each component, allowing ready checking and recognition of incorrectness.

Site set-up can be important for beginners but is not really a matter of concern for experienced personnel. It is a considerable advantage with beginners to have the anchor above their head so that when the system is rigged it is fully functional and testable, on a ledge say, before starting the abseil. This has psychological benefits as well. And the first-timer may 'play' with the system, gain assurance from feeling and seeing each part function and grip, prior to committing to the abseil. Sites where this is not possible are not necessarily excluded by these comments, but if one has a choice why would one chose a less satisfactory alternative?

Distraction has not yet proven an impediment, fainting is untested, as is a partial anchor failure under controlled conditions.

No problems with vegetation have yet been discovered, but only a few cases of this have so far been confronted. The ability to use two hands if needed is a clear advantage.

Trips, slips or falls have not yet occurred in cases known to the authors and have not been tested under controlled conditions.

Abseiling into pools and whirlpools requiring rapid release has been demonstrated. Abseiling to almost the pool, locking off the abseil, and then removing the Autoblock, enables a quick descent the last metre or so into the pool with the usual release of the abseil device.

The worst that could happen would be an early dunking. But problems of releasing the abseil device in a whirlpool remain and require special care and experience common to all methods of abseil except for the 'Classic' where rapid release is easily accomplished. See the next few paragraphs for a more advanced approach to this problem.

Finally, a quick comment on using a light-weight arrangement may be useful.

Two 3-4m cords plus one or two 1.4m cords all formed into loops, plus two screw-gate big D carabiners and a rope is all one needs to abseil with an Autoblock self-belay. One big loop works as the improvised harness, a small loop for the Autoblock. One raps with a Munter hitch, one can use the large sling to pass over a knot using an Autoblock and Munter-Mule as given in (Morehouse, 2006). A light and flexible set-up with the resources to build in plenty of safety features into the protected descent.

For bushwalkers, cords, if untied and rejoined using double fisherman's knots gives about a 9m pack hauling rope which may also be used for assisting in scrambling. The knots give a bit more grip, also, on a thin cord. Works as a main-line for a poncho-improvised tarp as well.

The spare large cord may also double as a sling to protect a tree anchor. One can even re-tie it to make an improvised prusik set-up if ascent is needed.

All-in-all a light-weight and flexible set of gear. All-up weight for two carabiners and four cords, two long and two short, is 300gm. Rope comes in at 2600gm. This enables abseiling, basic prusiking and descent over obstacles, including knots.

We expect the Autoblock with the Munter-Mule would work really well in a whirl-pool.

NOTE: What follows is for more advanced users. Abseil almost to the pool, with a TOP Autoblock ABOVE the abseil device tied using the Munter-Mule in one Autoblock tail loop. Remember, this is an anticipated obstacle! Disconnect the abseil device upon almost reaching the water! Lower to water and release the Mule and swim away! A quick release and the knot falls off relatively easily.

Yes, there is one extra small loop. Two small loops and two large loops give all one needs to prusik. Plus a bit of redundancy AND one small loop re-tied around the waist on the improvised harness may stop it from slipping down around your legs when walking. So one can walk away without trips.
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