NOTES FROM THE WORKING GROUP ON BELAY METHODS

UIAA SAFETY COMMISSION
Introduction
The Italian Commission for Material and Techniques (CMT) of the Italian Alpine Club (CAI) has been at the forefront of investigating belay methods for a number of years. They carry out their research at a test tower in Padova and at a carefully surveyed rock face, where the topography as well as the location of every protection point (runner) is precisely known. The latter allows the calculation of the friction in the system (as the rope angles change) and thus the tension in the rope as it changes from one protection point to another (chain multiplication factor; force ratio at belayer and top runner). This then permits the calculation of the effective fall factor. The Commission is also developing a theoretical model of belaying. 

During the tests numerous parameters are recorded, among them: rope lengths and angles from runner to runner to the falling mass (geometry of safety chain); distance from brake to hand; free fall height; mass of belayer (operator); belay device and technique used; operator position (hanging or standing); stance load; load on last runner; total slippage in the brake and hand; amount of operator lifting (from a standing or hanging position); theoretical (or geometrical) fall factor; force used in holding the rope.

Various belay techniques are employed. The belay device can be attached directly to the operator (body belay), to a fixed point (bolt at the stance) or the belay triangle (an equalizing sling from two stance anchors), while the operator may be attached to the belay triangle or a fixed point. In addition the rope from the brake may be clipped into the belay triangle or a fixed point (dummy runner) as it passes to the leader.

The 'body' has a mass of 80 kg; the fall heights varied from 4 to 12 m and the theoretical fall factors between 0.2 and 0.7. The rope was replaced after no more than two fall tests. The CMT also uses stunt men (climbers with a lot of nerve) for some of the tests instead of a mass.

It should be noted that the tests are only done for pull up. The fall factor two situation, where the leader falls directly on the operator, has not been investigated. It should be kept in mind that for such a scenario most belay methods would fail, because there is insufficient friction in the system to stop the fall.

The main belay devices used are various Sticht types (tuber, ATC) the Grigri, and similar predominantly static devices, as well as the Munter hitch.

It is not surprising that the meetings of the Working Group on Belay Methods of the UIAA Safety Commission have taken place in and around Padova. Canada has participated in the last three meetings. While there are still many questions to be answered, one can report on a few of the findings (in no particular order).

1. The greatest variable in the magnitude of the force at the top runner is operator behaviour. Values can vary between 20 to 50 percent. Hand pressure and position, reaction time, position of operator and body mass have significant influences.

2. All belay devices seem to work, although the force in the top runner may vary. 

3. The force in the top runner is surprisingly small (even if there is only one runner, i.e. very little system friction). It appears that the force in the top runner will rarely reach 10 kN (it did not even come close in the tests). The values fall mostly between 3 and 6 kN. This is independent of fall height (theoretical fall factor). Note again that operator behaviour has a major influence.

4. The 'static' devices such as the Grigri (there may be rope slip through the device of 2 to 5 cm, while it is 50 to 120 cm for a dynamic device) may produce twice the force on the last runner than a dynamic device.

5. The lifting of the operator may reduce the force on the top runner, possibly by as much as 10 % and even more. It is again influenced by operator behaviour. Sometimes no significant reduction could be determined. 

6. Lifting of the operator beyond 30 to 40 cm has no influence on the magnitude of the force in the top runner.

7. Lifting of the operator may increase the stance load. These forces are, however, not very significant. Generally from two to three kN except for the 'static' devices, which could produce twice these values. The latter were always attached to the fixed anchor, because of injury concerns.

8. The force on the top runner increases with the mass of the operator.

9. It is highly recommended that a dummy runner is used at the belay. 

A final word of caution: while many climbers seem to prefer the body belay in the hope of reducing forces on the last runner, the danger of injury may negate this advantage, particularly in alpine, rock, environment. Several injuries to the operators - and they are very experienced - have occurred because of the uncontrolled lifting. One has to keep in mind that they know when the mass is dropping. Now consider when this force hits without this awareness.

The ACC library has a video (with Italian commentary) from the CMT showing some of the belay testing. It is a few years old, but does give an idea what happens to the operator when holding a fall using a body belay.

