
Drop tests results of Eco anchors

Test date:
09.07.1994

Location:
Dingle quarry, Dalton, Lancashire

Substrate:
Mass sandstone

Test supervisor:
Les Sykes CNCC/NCA

Test assistant:
G. Wolher LUG

Test bed installer:
Les Sykes CNCC/NCA

Test bed consisted of Eco anchors secured in place using Hilti HIT C50 resin

The test bed was installed on 05.07.1994. The anchors were installed by Les Sykes using the CNCC method of installation. Above the two anchors ‘M8’ self drilling anchors were installed, these were to hold the gauges in position. The third Eco anchor had a thermometer placed alongside to a depth of 45mm during the installation process, this was then allowed 24 hours to cure.

The readings for the critical load point are approximate, as we were unable to ascertain the reading accurately.

The critical load point
The point at which the rope and the anchor arrest the fall of the load.

At rest under load
This was the measurement of deflection after the fall factor 1, when the load had stopped moving.

Off load

This is the measurement when the load used for the drop test had been removed from the anchor, thus, no load on the anchor.

The load used for the fall factor 1 drop test was 76.5Kg. A fall factor 1 was used for every test.

A 00.01-10mm gauge was used to record the movement of the anchor in the direction of the load, these were held securely in place by pre-installed ‘M8’ self drilling anchors.

During the next 5 drop tests the gauge was not zeroed between drop tests.

Anchor No. 1

This anchor was installed with the load bearing curvature pointing downwards, as would be the case for most load types.

Static stress test
For this test the anchor was load with 85Kg, the type of loading during every day use during abseil or prussiking.

A reading of 00.06mm deflection in the direction of the load was recorded.

Drop test 1
At the critical load point a reading of  00.20mm was recorded.

Under load at rest, the reading decreased to 00.10mm.

Off load, a reading of 00.025mm was recorded.

Drop test 2
At the critical load point a reading of  00.60mm was recorded.

Under load at rest, the reading decreased to 00.21mm.

Off load, a reading of 00.12mm was recorded.

Drop test 3

At the critical load point a reading of  00.80mm was recorded.

Under load at rest, the reading decreased to 00.26mm.

Off load, a reading of 00.17mm was recorded.

Drop test 4
At the critical load point a reading of  01.10mm was recorded.

Under load at rest, the reading decreased to 00.29mm.

Off load, a reading of 00.19mm was recorded.

Drop test 5
At the critical load point a reading of  01.30mm was recorded.

Under load at rest, the reading decreased to 00.34mm.

Off load, a reading of 00.24mm was recorded.

Notes arising from the drop tests

The anchor has considerable strength and, an ability to absorb energy.

The anchor does not deform during a shock load; its integrity is retained. It would not be possible to ascertain if an anchor placement had been subjected to a shock load, by eyesight alone.

Although the measurements at the critical load point are significant, up to 1.3mm on the 5th drop test, the anchor does not retain the degree of deflection. 00.24mm unloaded after 5 drop tests.

The importance of radiusing the lower edge of the lower edge of the drilled hole to accept the anchor. Ensures that the anchors fit snugly into the substrate, thus reducing the stress on the anchor during falls and in general use.

Test anchor No.2

Anchor number 2 was installed using the correct method of installation. The load bearing curvature of the anchor was orientated so that it was parallel to the ground (E.g. the anchor was in a horizontal position). This was to test for the movement of anchors in traverse lines, where the applied load would not be in line with the anchors anticipated loading position. See fig.2 

It is generally agreed that the position of loading on this test anchor, would never occur in normal use. The test anchors’ position has been greatly exaggerated, to concentrate the forces at the weakest point on the anchors’ installation.

Static stress test

A load of 85Kg. Was loaded onto the anchor, a measurement of 00.30mm was recorded. When the load was released a measurement of 00.17mm was recorded.

The gauge was zeroed, a load of 85Kg. was loaded onto the anchor and the load was bounced for 30 seconds. This was to simulate a caver hanging on a traverse line and bouncing in their harness. During the bouncing mode a maximum measurement of 00.50mm was recorded. When the load was removed a measurement of 00.05 was recorded.

This movement is the equivalent to a torque of 40lb/ft - 5.5Kg/mtrs.

Drop test 1

A 76.5Kg load was used for the drop test, a fall factor 1 was incurred.

Because of the relationship of the angle of the anchor to the load, the anchor bent at the head of the shank. Thus, the load bearing curvatures of the anchor was rotated 5.50mm towards the direction of the applied force. At this point the resin had not cracked or failed. When off loaded a measurement of 5.5mm was recorded. The forces generated during the arrest of the falling load had obviously distorted the anchor.

Drop test 2

A 76.5Kg load was used for the drop test, a fall factor 1 was incurred. 

At the critical load point the resin cracked and the head of the anchor rotated further towards the direction of the arrested load. The amount of deflection incurred was too great to measure on a 00.01 – 10mm gauge. Although the anchor had failed, there was very little rotational movement

Notes arising from the test results

 There is normally more than one anchor in a traverse, therefore, this type, degree of loading and severity of fall factor would not occur under normal caving conditions. Any loading of the rope in a traverse line would be shared by two or more anchors. Thus reducing any generated forces. When rigging traverses for ease of travel along the route, the rope should be kept taught. In the event of a fall, the rope between the two supporting anchors will form a ‘Y’ hang, even though the angle may be high, about 1700, the forces will not be enough to damage the anchor placement. Forces in the region of 3000Kg could be generated with an original load of 100Kg. However, the additional factors of karabiners or maillions will reduce the angles further.

The test was extreme; it was designed to test the flexibility of the anchor placement. The test to that extent was a success, even though the anchor deflected by 5.5mm it held the load and stayed in the substrate.

It is apparent from the static stress and bounce tests, that the anchor does move when loaded from the side and in traverses. In fact, as a group progresses along a traverse to the head of the pitch, each anchor is multi-directionally loaded. If cavers use the rope to pull themselves up, or along the traverse, or hang in their harnesses, then considerable forces are being absorbed by the rope and anchor system.

Although the anchor placement does posses a degree of flexibility, actions as mention above will ultimately weaken the anchor placement prematurely. This though will not lead to rapid failure of the anchor placement. It will show as slight rotational movement with time. I feel that it would not compromise the safety of the user, but may create some doubt as to the credibility of the anchor system as a whole.

The practise of driving a grove in the base of the drilled hole, to increase the surface area of the resin, and attempt to create a key for the placement has proved awkward and time consuming. A more practical solution would be to increase the depth of the hole to 100mm, and then drill a recess of 10mm, for the back part of the anchor to sit in, in the surface of the substrate. This will support the anchor and alleviate nearly all of the stresses of multidirectional loading.

Test anchor No. 3

Test anchor number 3 was installed 3 metres from the ground using the correct method of installation. A thermometer was inserted with the anchor; the thermometer was inserted to a depth of 45mm half the length of the anchor. The thermometer was in contact with the anchor and the resin. This test was set up to ascertain the amount of heat generated when a load was lowered by rope through the eye of the Eco anchor.

A 51Kg load was used for this test.

The temperature on the thermometer before the start of the test was 220C . After 10 ascents and 10 descents of the loaded rope, a total travel distance of 60 metres. The anchor was too hot to touch at the surface. However the temperature on the thermometer remained at 220C .

A further 10 ascents and 10 descents were conducted. The reading on the thermometer remained at 220C. The contact are of the anchor was extremely hot, enough to melt human skin. Only, after 3 minutes could the anchor be touched without sustaining a burn.

The rope that had been used for the test was badly glazed and had obvious signs of misuse.

The anchor had a shinny area where the contact had taken place; there was not an obvious grove.

Notes arising from the test results

This test was done primarily for the BMC who ‘lower off’ after a climb.

The test was conducted using a clean, dry rope. A wet rope may of initially reduced the friction resulting in a reduce anchor temperature. More of a concern would be a dirty rope, this would certainly abrade the inner curvatures of the anchor, and reduce the contact curvature to 6mm (the minimum acceptable diameter) prematurely. 

There is obviously no appreciable heat build up that is transmitted to the resin along the anchor. Generated heat obviously dissipates effectively though the surface substrate.

I would not recommend that anchors be used in this way, especially underground, where the ingress of grits into the rope is inevitable. Pulleys, karabiners or maillons should always be used.

In areas or sports where this practice is the ‘norm’, then a careful and regular check should be made to ensure that anchors stay within the minimum 6mm diameter in any plane.
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