THE FOLLOWING TEXT IS AN ENGLISH COMMENTARY TO THE ITALIAN VIDEO ENTITLED: 

TECNICHE DI ASSICURAZIONE: CONFRONTO TRA "CLASSICA" E "VENTRALE".

Belay Techniques: a comparison of induced loads using classic and harness

belays.

Motives of the film and its contents

It is now normal practice, at least at sport climbing sites, to use the harness belay, using different types of friction devices (breaks) such as the Italian half hitch, the figure eight, the ATC or others in place of the belay technique, which we will call classic, in which the break is attached to the anchor without interposing the body of the belayer. In this second case, the break is generally the Italian half hitch (Note 1) placed at the vertex of the belay triangle.

The harness belay is today recommended by alpine guides as well as by sports climbers.

It is considered that its principal advantage consists in permitting a reduction in the loads along the belay system; from this point of view it is useful in situations in which a low load on the last quickdraw (Note 2) and on the belay anchors is fundamental for the purposes of safety.

We have already discussed at length dynamic belay techniques, and in particular harness belays, in the film produced by the Commissione Centrale Materiale e Techniche of the CAI in 1995 and titled "Testing Dynamic Belays".

In this film it was shown that the harness belay which, as we know, has unquestionable convenience at sports crags, can pose more than minor problems, and we advised against its use, except in particular situations, for example when there are enough sufficiently angled quickdraws (i.e. sufficient friction; see Note 3).

Instead in this film the Commissione Centrale Materiale e Techniche, in agreement with the Scuola Centrale di Alpinismo, has re-examined the problem of harness belays from the point of view of induced loads on the belay system and its pairing with different friction devices.

This became possible after a long campaign of experimental testing on various terrains and in various circumstances.

Roughly a thousand tests were run and the results obtained registered and studied. Further, in order to understand the complex phenomena, which occur during the phase of holding a fall during a climb, a sophisticated mathematical model was used to help interpret the experimental results, and to try to answer questions to which it is not possible to give a direct experimental explanation.

All this and more will be discussed and illustrated in the film. In particular the film discusses:

(     friction devices (breaks)

(
general points about dynamic belay techniques

(
classic belays

(
harness belays



(
principal characteristics



(
advantages



(
disadvantages



(
possible improvements



(
comparison with the classic belay


(
conclusions

Friction Devices
We begin with the first feature of the problem: friction devices or breaks.

There are numerous breaks used for belaying in the mountains from the oldest and the most classic knot, the Italian half hitch, as recognized by the international organization UIAA, which is shown here (PWP6), the figure eight (PWP7), the ATC and finally another veteran friction device, the Sticht plate.

All these tools, aside from their shape and mode of use, have one characteristic in common, that is, they behave as force multipliers, like force amplifiers developed by our own hands to create a breaking force which acts through the rope on the falling mass.

An idea of the comparative breaking capacities is given in the table (PWP) in which different values are recorded depending on whether the entering and exiting ends of the rope are parallel or at 180 degrees; the values in the table are the comparisons between the entering and the exiting force; for example for the Italian half hitch typical values are between 8 and 12 corresponding to forces of the order 0.15 - 0.30 kN at the hand and 2.0 - 3.5 kN exiting from the break.

It is immediately obvious that the half hitch is the only one which presents the maximum breaking capacity when the two ends of the rope are parallel, which is the case when holding a fall with no protection above the belay (fall factor 2.0). That is, the half hitch is the only break, which provides maximum breaking capacity when this is required as an assumption of safety; the other breaks have diametrically opposite behaviour.

At this point we emphasize the importance of the role played by the force exerted by the belayer's hand: it has to be understood that it is the behaviour of the belayer, combined with the characteristics of the break, which determine the forces, which are introduced along the belay system in addition to the belay technique used.

Dynamic Belay Techniques

We will now talk about the general aspects of dynamic belays in order to approach step by step the more specific argument of the various ways of holding a mid climb fall.

In general, it can be said that the dynamic belay techniques allow part of the energy of the fall to be absorbed by friction. The more energy that is absorbed by friction, the less that finishes along the rope and, therefore, the less the tension along the rope.

This leads to a smaller load on the last quickdraw, which is the critical point in the belay system in the sense that it supports almost twice the tension of the rope. This is particularly important when we are dealing with precarious protection as can be found with loose rock or ice.

We now examine a dynamic belay, which, for analytic simplicity, is carried out attaching the break directly to the belay anchor (classic belay).

We can see, from the slow motion images, how there is a first phase in which the breaking force is generated from inertia, which affects first the hand, then the arm, the shoulder and part of the body of the belayer.

This is shown clearly from the motion in the sequence referred to above.

There is then a second phase, in which the belayer is practically stationary and offers resistance with part of his body weight, stopping the rope or letting it run through the hand under control.

Again we can confirm that the contrasting action is greater when the break is placed high up relative to the belayer instead of being placed at chest height. In fact, the upward movement induces, because of the weight of the arm and part of the body, a stronger breaking action in consequence generating a greater load on the quick draw.

In the case of the harness belay, on the other hand, the motion of the hand is essentially horizontal and only partially vertical and involves much less body weight. Therefore, smaller forces of inertia are generated and so the stress is less onerous for the belay system.

The forces generated by the belayer's hand, calculated using the experimental data with the help of the mathematical model, go from 0.15 - 0.30 kN force, equivalent to the inertia of a mass of about 2 to 3 kg. This part of the breaking action lasts a very short time, approximately one to two tenths of a second, or a bit more, and not easily controllable, if not with greater or lesser tightening of the muscle of the arm.

It is however unthinkable, independent of the type of belay device used, to arrest a big fall without the rope running through the hand, except for the case where the belay system has some draws sufficiently angled and there is high friction with the rock. In fact, the use of gloves becomes almost imperative to stop rope burn, which is especially important in the mountains.

In conclusion: in dynamic belays the forces that are generated in the belay system depend essentially on the overall breaking force produced by the pairing of hand/break and in a minor way on the type of belay used.

It should however be observed that, in the case of the harness belay, it is the way in which the belayer behaves, induced by his position, which allows a lesser breaking force to be applied and hence a lesser stress on the last draw.

The same cannot be said, however, for the running of the rope through the break, which depends on the type of belay put into use, as well as, as before, the overall breaking force.

In fact, in order to satisfy the energy equilibrium it is necessary that the lifting and kinetic energy of the belayer generated by the harness belay is balanced, in a classic belay, by the rope running further through the break.

Classic Belay Techniques
Even though we are considering specifically the harness belay, we consider it worthwhile to look over the classic belay techniques, those still used by the CAI climbing schools, where the half hitch is extensively used as a break. This is necessary in order to be able to compare clearly the different belay methods and to understand their advantages and disadvantages, and above all to be able to evaluate the consequences.

Among the different ways of executing the classic belay we can point out the following cases:

· Break attached at the vertex of the triangle connecting the two anchor pegs and the belayer himself attached to the safest peg.

· Break attached at the vertex of the triangle connecting the two anchor pegs and the belayer himself also attached to the vertex (counterweight). The belayer may be on the ground or hanging on the belay.

· Break attached directly to one of the anchor pegs.

We should emphasize that in the first and third cases the belayer's body is not involved in the arrest phase, as in fact happens in the second case, which has, in the lifting up of the belayer, a strong similarity with the harness belay.

For its characteristic elements we will now analyze the first case in which the belayer is attached directly to an anchor peg and the break is at the vertex of the triangle.

There will be, during the arrest, a phase in which the break is not functioning and this lasts for the whole period in which the belay triangle is flipped over: only then does the break begin to function.

Now two negative aspects of this type of belay will be pointed out. First, the fall is lengthened by twice the length of the belay triangle (Note 4). Second, when the break starts to work it will start by causing a snap on the rope as the break is now raised considerably. The effect of all this is a higher breaking force and, as a consequence, a greater load value on the last draw. These negative aspects are not found in the third case, which is when the break is attached directly to the anchor peg.

In the film we can observe how the break starts to work only when the flip is finished and how the belayer positively holds the rope, generating higher loads on the belay system.

We move on now to analyze the case in which the belayer is attached to the vertex of the belay triangle and finds himself as a counterweight to the upward movement of the break.

As we see, in this situation the belay is very similar to the harness belay in that during the arrest, the belayer is lifted upwards. The major difference between the two, remains the generation of a more violent breaking force in the case of the counterweighted classic belay compared to the harness belay.

This histogram reports the comparison, obtained from experimental data, between the different types of classic belay, referring both to the load on the last draw and the running of the rope through the break. We observe that the classic belay with the break at the vertex of the belay triangle presents higher loads while the counterweighted classic belay with the belayer hanging gives the lowest load values but at the same time the rope run through is higher. The belay with the break attached directly to the anchor peg is half way between the two extremes and the same with the counterweighted belay with the belayer not hanging.

To conclude we can above all affirm that the classic belay, in the counterweighted version, has the same defect of violent uplift of the belayer as the harness belay, while the loads, despite different breaking methods, are of similar magnitude.

For the classic belay we can in general recommend that the belay triangle be kept as short as possible compatible with the partition of the load between the two belay anchors.

In this way the length of the flip-over of the belay is reduced. The benefit will be a less violent arrest when the belayer is attached directly to one of the anchor pegs and as well as a more modest and less violent upward movement when the belayer is attached to the vertex of the triangle.

Harness Belay Techniques
We now move on to examine the principal characteristics of harness belays in which the break is attached directly to the belayer's harness.

The more or less violent lifting of this person constitutes, as we have already seen, the principal characteristic of this type of belay.

Let's examine together some of the principal aspects.

First of all the ways the belay technique is set up and carried out.

At the vertex of the belay triangle, the belayer is tied in with the climbing rope (using a clove hitch, etc.). One essential aspect is the necessity of placing a draw directly after the ropes leave the break using a carabiner placed at the vertex of the belay triangle. This will avoid the situation that a load from a fall, which comes before the first piece of gear is placed, falls directly and dangerously on the harness making an arrest extremely difficult.

It is worth analyzing, using computer simulations, what happens in the first seconds in which the maximum tension results along the belay system.

The first thing, which catches your eye, as shown in the diagrams, is the speed at which the load is taken by the belay system. This load (force), caused by the inertia  coming from the belayer's hand, determines the breaking force: in fact within 2 to 3 tenths of a second the maximum level of tension is reached. The second point, which would seem unexpected, is the amount by which the belayer is lifted. The belayer is in fact lifted only by some tens of centimeters at the moment of maximum load (Note 5). This can be explained using the laws of physics. The lifting force affects the belayer's body, when maximum tension is reached, only for a very short period, which we have seen is around 2 to 3 tenths of a second.

From this comes a first remark referring to this particular type of belay: the level of the lifting, for a particular belayer, does not influence the loads on the last draw, which depend essentially on the breaking force applied by the hand.

This observation has practical consequences, which allows the level of lifting of the belayer to be limited, reducing the dangerousness without removing the beneficial effect of the lifting, which affects, as we have seen, only the very first moments of the arrest.

It is advisable, in fact, to organize the belay in such a way that the lifting movement is limited to 60 to 80 cm, all to the advantage of the safety of the belayer. This implies again the necessity of having the shortest possible belay triangle compatible with a reasonable distribution of loads between the anchor pegs.

This remark, suggested by the results of the mathematical model, has been confirmed experimentally with tests carried out at the Padova Tower.

We now analyze together several sequences carried out on different terrain, reporting the relevant details such as the characteristics of the trial and the loads reached. It can be seen by the superimposed numeric values, how the harness belays generate, on the last draw, lower loads with respect to other methods of belaying, as has been widely and reasonably confirmed by the supporters of this belay technique. This is due above all to the behaviour of the belayer who, having the break attached directly to the harness, applies a relatively modest breaking force in comparison with other types of belays (the arm position; see Note 4). This aspect is heightened by the fact that the lifting up of the belayer reduces the arm's acceleration, provided it stays horizontal, and hence the inertial breaking force. It is, therefore, wrong to attribute the favourable result of the harness belay solely to the lifting of the body of the belayer. With this assertion we do not deny the result, but specify more precisely the mechanics of the behaviour.

Interval
We move on now to analyze more closely the pros and cons of harness belays. We begin with the advantages: without doubt what is usually taken to be correct will be confirmed.

The harness belay, in fact, from the overall point of view (that is taking account of the effective behaviour induced in the belayer) generates in the belay system, and hence in particular on the last draw, a lower load than other techniques. For example the classic belay, especially in cases where the belay triangle is very long (except for the counterweighted one). This is due to the arm position of the belayer and that the lifting movement of the belayer reduces the hand's acceleration and hence the inertial breaking force.

Other than this advantage, it is worthwhile spending a few words on another aspect, which is often described as an advantage, especially when climbing on terrain where gear placements could be precarious, as in the case of waterfall ice.

Generally in these situation we climb with two half ropes passed alternately in the draws and in so doing, make the belay system more elastic and reduce the load on the last draw, which is highly beneficial for the safety of the roped party (Note 6).

We can say, in these conditions, that without doubt the half hitch and the figure eight are not suitable because in the case of a fall, they would generate dangerous friction between the two ropes. From this comes the necessity of using breaks such at the ATC or the Sticht plate, which keep the ropes separate.

But in their turn the ATC and the Sticht plate, it is said, are difficult to use attached to the classic belay, as they do not allow an effective arrest of a fall, if it were to occur before the rope is clipped into the first runner (fall factor 2.0).

From this the generalized belief that only the harness belay can effectively use this type of break. But the pseudo draw - passing the rope through a carabiner placed at the vertex of the belay triangle - eliminates the problem that arises in the case of a fall with no runners.

And now to the catch: in actual fact it is also possible with the classic belay to create a pseudo draw in such a way that the effectiveness of the break is maintained.

The film, which follows, illustrates clearly in a fall without draws, the behaviour of the ATC, paired with a carabiner, attached directly to a belay anchor.

After having spoken of the advantages, we look at the negative aspects: these can be essentially reduced to the abrupt lifting effect on the belayer's body with acceleration similar to that endured by the person falling. During this lifting there is the chance of crashing against the rock face, protrusions and other obstructions
.

Only in the presence of several angled draws can we reduce, or in the limit annul, the level of this lifting. However, in this situation the use of the harness belay does not influence the loads neither on the last draw nor on the belay. In the case of little friction, however, as we saw previously, this risk can be reduced with a limited lifting of the belayer obtained by having a sufficiently short belay triangle.

Another aspect, which we wanted to analyze, was how different types of breaks influenced the load on the last draw. The previous considerations have broadly stressed what counts is the combination hand/break, more than the type of break. In fact in the three cases of half hitch, ATC and figure eight the forces on the last draw are similar and around 6.50 kN. In the following film we see the respective tests.

Comparisons with other belay techniques

We will now go on to analyze the comparison between the different belay techniques using the huge amount of experimental data collected and analyze them also with the aid of the mathematical model. This is a very difficult assignment in that we have in some way to pretend a legitimate parallel to the world of the mountains. In fact, to the question what is the best belay technique it is difficult to give a unique reply because it is the behaviour of the human, more than the techniques used, which determines the level of stress on the belay system and, therefore, it is difficult to make direct comparisons!!!

To support this statement, let's look at the following film of two trials. We can see how two different belayers of different weight can generate very different forces on the last draw, even when using the same classic belay system with the break attached directly to the vertex of the belay triangle between the two anchor pegs. In this case the break used is the half hitch.

This happens because, as already mentioned above, it is in fact the breaking force generated by the hand, which "changes" the tension in the belay system.

It would, of course, be essential to compare the different techniques always using the same method. But changing the belayer, and sometimes with the same belayer, things can be very different! Analyzing for example this histogram in which two different belayers both use

(
the classic belay with belayer attached to the anchor peg

(
the classic belay with belayer hanging at the vertex of the belay triangle between the two anchor pegs

(
the harness belay

Taking the load on the last draw as the point of comparison, it can be seen that the best technique, that is the one that generates the least stress, is not the same for both people!!

At this point we may consider that only an analytic method, excluding individual behaviour, can establish, which is the best method with respect to loads. Here the mathematical model becomes useful, tried and tested for single experimental cases. With this model it is actually possible to make comparisons with the same breaking force applied by the belayer and hence evaluate which techniques generate the lowest stress on the belay system.

We can certainly confirm that the techniques, which allow more or less violent lifting of the belayer like the harness belay or the classic belay with the belayer hanging on the vertex of the belay triangle, generate loads, which are approximately 10 percent less with respect to techniques where there is no lifting. Greater differences, measurable at around 20 percent, which we find in the experimental data, are due again to the diverse behaviour of belayers.

Passing now to a comparison between the different techniques in the presence of angled draws, we can without doubt confirm that the differences decrease, with the increase in friction, as was shown clearly with the experimental data and from the computer simulations, aside from the simple application of physical reasoning.

We now analyze the forces on the last draw when using two half ropes passed alternately in the draws as is usually done when climbing ice falls. The experimental data show that the loads are lower in that the holding rope, skipping alternate gear placements, is subject to less friction, but again, above all, because the belayer's hand is less effective in taking on just one of the two ropes.

The Conclusions
We now try to draw some conclusions from what has been said.

Above all lets remember certain aspects that came to light and should be taken into consideration each time we set up a belay. First of all we mention a characteristic common to all the techniques and that is the pre-eminent role played by the force brought into play by the belayer's hand with respect to the working of the break and the type of belay.

We again stress that the lifting of the belayer does not have the importance, which it is currently given. With equal behaviour of the belayer, it brings an advantage of around 10 percent for the load on the last draw compared to techniques, in which the belayer is not lifted. In experiments this difference can also be much greater, around 20 percent, but as we have seen, to be attributed mostly to the diverse behaviour of the belayer.

Another point little known and brought to light in the film is the substantial independence of the load measured at the draw compared to the amount the belayer is lifted: it is not the case that larger lifts make things better!!!

And lets remember again that the presence of friction, inevitable in the mountains for good or for bad, which tends to annul the difference between the various techniques when we want to compare the stress that they generate on the belay system.

We will now draw some practical conclusions. To avoid breaking forces that are too abrupt, we should keep the belay triangle connecting the two anchor pegs as short as possible, not forgetting of course the correct distribution of the load between the various anchor pegs.

The same comments apply to the harness belay or the counterweighted classic belay. That is to limit the lifting of the belayer, which is not essential, and, moreover, always dangerous.

Again in the case of the classic belay we should try to work with the break at chest height. We will avoid "loading" with our weight the rope, which we are holding, generating an excessive breaking force and hence over stressing the belay system.

We started with the intention of revisiting the different belay techniques, paying particular attention to the harness belay, which is today much in fashion, particularly in sport climbing. After all that we have seen and said, what we can confirm in all honesty is that only in theory does there exist a perfect belay technique. Each has positive and negative aspects. For example, we can confirm that the techniques, which allow the belayer to be lifted, generate lower loads, even if, as we have stressed many times, much of the advantage comes from the way the break is handled.

This should make us think that there is room for improvement: through training to make the belay soft, to look for techniques that do not allow lifting.

And again, the techniques which permit lifting of the belayer have a serious weakness, which we have seen can be mitigated.

In reality only an on sight choice of the best belay to use in a particular situation is capable of putting the roped climbers in the safest situation.

Certainly other aspects of the problems of belaying require further examination. For example, the way in which to set up a belay: the Commissione Centrale Materiale e Techniche is also working on this.

May 2001

NOTES:

The above text has been slightly edited by Helmut Microys, National Delegate to the UIAA Safety Commission for the US and Canada, where it was felt absolutely necessary to improved understanding. The following notes are clarifications from the editor and additional comments provided by one of the authors of the video (Carlo Zanantoni, the Italian National Delegate to the UIAA Safey Commission), as a result of the editing process. Carlo's comments are in quotes.

1. Italian half hitch, half hitch, HMS (Halb Mastwurf Sicherung - Half Clove Hitch Belay) are more commonly known in North America as the Munter Hitch. The Italians take credit for bringing this ancient knot into climbing use.

2. Quickdraw and draw are used interchangeably, meaning runner or protection point.

3. "This statement does not give full account of our position, which is softer. I realize that such a sentence will raise hard reactions amongst anglophone climbers. We say that even in mountaineering, if the stance anchors are not reliable, the body belay may be the best method [even without a first runner at the stance (“French” system), if the stance anchor points are very bad. But it must be realized that until the leader has placed the first runner, placing a runner at the stance is strongly advisable, since otherwise the fall of the leader may not be stopped and possibly pull the belayer down].  However, in mountaineering, if the stance is such that a strong pull on the belayer may throw him against the rock in a dangerous way and, if the anchors are good, belaying “on the rock” may be better.  With a very good stance [say bolts, a set of good pitons or a good Sanduhr 
] and very few runners in the pitch (i.e. little friction), the old HMS connected to the stance may be the safest belay.  It also would allow the belayer to act freely in case the partner has to be rescued.  In addition, I should like to stress that a well placed HMS can be managed by an experienced operator in such a way as to obtain a smooth braking action, thus the load on the last runner  may be not significantly higher than the one obtainable with body belay. Finally, we fully agree that, particularly in a Klettergarten
, when there is no danger for the belayer, the modern climbers are right in saying that body belay may be favoured on account of easier handling of the rope in critical circumstances."

4. The fall can also be lengthened in the harness belay, when the belayer is pulled up to the top of the belay triangle, however, the actions are different:

"The most negative aspect of this technique, which I call bastard instead of classic as the CAI Mountaineering School  does, is that the belaying device is pulled up suddenly and jumps up for twice the length of the “belay triangle” without any braking action, since the operator is just holding the rope with its hand, and in fact during this path he cannot hold the rope at all.  Only when the belaying device is in its upper position, where it usually hits the rock and often presses the rope against the rock, the operator  begins to “work”, sometimes burning his hand in trying to brake the already running rope.  There are two reasons for the high peak in the load (on the last runner) generated by this sudden braking action:

· the action is not gradual, for the reasons now explained and often as a consequence of the bad position of the rope and of the device, both usually pressed against the rock

· THE POSITION OF THE ARM - This is one of the facts ascertained by the analysis of my colleague Vittorio Bedogni (the man who appears in the film), who worked for months in analyzing the movements of the operator and modeling them on the computer.  He showed that the typically horizontal movement of the hand (during body belay) involves less muscular mass of the “arm” - during the first (inertial) phase of the resistance - than a vertical movement does, typically during the application of the “bastard-classic” technique.  In other words, there is an intrinsic difference in the operation of the belayer: softer in the body-belay technique than in the classic one. Even during the second phase (sliding action) the raised arm opposes a stronger resistance than the horizontal arm. I realize that this explanation needs improvement, I hope this will come in the next edition."

5. There are two phases to the lifting of the body. Only phase one, at the moment of maximum load, contributes to the reduction of the peak load. The further lifting in phase two, "if any, is not effective in reducing the load on the last runner, since the energy absorbed by raising the body is compensated by the energy generated by the falling partner (assuming both climbers have about the same body weight)."

6. The editor wrote the following to Carlo:

I would very much like to know by how much the forces are reduced in waterfall ice climbing using half ropes. There are obviously two aspects to it: one is the higher elongation during a fall and the other, as you mention, that one cannot hold on to the rope as well, with two ropes in the hand and one sliding. Another point may be that the rope may be held with a wet mitt, resulting in more sliding. While this may be acceptable on vertical ice, I do not recommend this method of climbing. The runners most often are very far apart, the ropes may be wet or frozen and there could be sharp edges and the ropes are not designed for this use. I would be very scared to do this in some of the mixed climbs done today, where the ropes definitely run around sharp edges. In other words, does the reduction of the forces in the system justify the risk of breaking a rope? What are your views on this? 

Carlo's Response: "The French have hammered this idea into the heads of our guides and young climbers.  First of all, let my say that the greater “elasticity” of a half rope as compared to two half ropes is not the major factor in reducing the load.  (Once again, YOU MUST REALISE THAT THE WHOLE TEXT IS DEVOTED TO THIS LOAD PROBLEM, whereas a broader view should be taken.  This has not been said explicitly enough, though old Carlo insisted very much on this point).  The lower (halved) number of runners passed by each rope has some importance, but altogether this would account to something like 10% reduction, something more if the friction is high.  The rest (to something like 30% total reduction) comes from the fact that the HAND does not hold so well when only one rope is sliding.  Let us clearly say that this 30% only occurs, IF there are few runners. With many runners and high friction, the differences between the belay methods are strongly reduced. Only the reduction of friction occurring in the alternate placing of the ropes in the runners would be the effective factor in reducing the load.

Concerning your safety considerations, I agree. I am trying to oppose the decision of our guides to go for alternately passing the half ropes in the runners. They are obsessed by the danger that the runners come out. They do not realize that as soon as you have placed a few runners, the friction cancels the advantages of this technique. Only the reduction of friction remains a benefit in a few cases (by alternating ropes), when friction is really bad.  And if the runners are in a straight line, the friction is even increased by alternately passing the rope in the runners.

The following typical values are suggested by Vittorio. They are a sort of average of experimental results (the computer model gives a somewhat lower advantage to the third case):

Load on the last runner in case of:

· single rope:  660 daN

· two half-ropes passed together in the runners:  740 daN

· two half-ropes passed alternately in the runners:  450 daN."

7. The height of fall in all the experiments was always four meters. The length of rope between the belayer and the last runner is not given and varies. The actual fall factor is not a true measure of the forces involved, if there is the friction in the system. 

Copies of the video can be obtained from:

· Sandy Walker
Director, Club Services
email: swalker@alpineclubofcanada.ca

The National Office of 

The Alpine Club of Canada

· Helmut Microys microys@telusplanet.net
� Injuries have occurred during the field experiments.


� German: hour-glass; a rock configuration allowing placement of a threader.


� German: climbing garden; a low cliff similar to climbing walls.
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