ZONE 3 ROPE MANUAL

Anchor Points

General information:

· All anchors must be able to hold the anticipated load that will be applied to it, in the direction the load will be applied from. A significant safety factor shall be included to compensate not only for the anticipated load, but also for unanticipated loads, dynamic loads, shock loads, and stress from the application of hauling systems.

· Ensure that a direct line is set between the anchor and the load to prevent a pendulum of the load. 

· In the absence of an obvious “bombproof” anchor, the primary anchor shall be backed up by a secondary anchor to provide support. This backup anchor must be in line with the primary anchor and the load, and must also act to counter the type of force that the load is applying to the primary anchor. (See “Anchor Systems” below for details). 

· Ensure that the “critical angle” between the rigging legs that connect the anchor to the load or in any system component is 90 degrees or less. (An exception would be in High Line Systems). Evaluate force vectors between the anchor and the load and the type of force that will be applied to the anchor where the load connects.

· Anchor slings used to secure an anchor must be NFPA 1983 approved and have sufficient extension to prevent side loading to the connecting carabiner.

· 1” nylon tubular webbing used to secure an anchor should be configured as a Multiloop (Wrap 3 pull 2) or as a 3-Bight in order to maximize the available webbing strength to help comply with NFPA 1983 standards. (8093 lbf. minimum breaking strength). The Overhand Bend (Water Knot) securing the webbing together on a Multiloop must be against the anchor on the load side. Ensure that the webbing on a 3-Bight has sufficient extension to prevent side loading to the connecting carabiner.

· All anchors must be inspected to identify any sharp or abrasive edges that may damage software and provide padding for protection of the same.

· Test the anchor prior to the application of its intended load by “pre-loading” to test the alignment and reaction of the system components.

· The Rigging Team Supervisor (RGS) and the Technical Safety Officer (TSO) must approve the anchor and connecting components prior to application of the intended load. 

Using a vehicle as an anchor:

· All vehicles utilized as an anchor point must be secured by having the keys removed, brakes set, and wheels chocked. 

· The weight of the vehicle and the surface the vehicle sits on must provide sufficient mass and friction to prevent the vehicle from sliding once the load is applied. 

· Ensure that any anchor point utilized on a vehicle is one that is either specifically designed for that purpose or is positively structurally significant. 

· Avoid exposing software to any fuel, grease, oil, or contaminate.

Using a tree as an anchor:

· Ensure that any tree utilized as an anchor is solid (alive) and has sufficient girth to safely hold the expected load.

· Ensure that the root system of the tree is not too shallow of depth, and that the supporting soil is not water saturated in such a manner to make the question of stability an issue.

· Secure the anchor down low on a tree if possible to maximize the strength of the tree and prevent the load from applying a leverage force to the trees base. If the tree is of sufficient girth, a balance may be sought between keeping the anchor low on the tree for the above reason, and elevating the anchor to provide a better angle to the load and/or keeping the rope system from digging through the earth when moving.

· If a tree is deemed not “bombproof”, use a backup anchor for support that will act to counter the type of force that the load is applying to the primary anchor. The backup anchor must be located directly behind the primary anchor, in line with the load. (See “Anchor Systems” below for details). 

· Secure a tree to be utilized as an anchor with either a NFPA 1983 approved anchor strap, or webbing configured as a Multiloop or as a 3-Bight in order to retain sufficient strength in the webbing to comply with NFPA 1983 standards for minimum strength requirements of auxiliary equipment.

· Ensure that anchor points secured with either webbing configured as a 3-Bight or an anchor strap, has sufficient extension to prevent side loading of the carabiner that the load attaches to. If sufficient extension is not possible to prevent side loading, substitute for a Multiloop or use a tri-link.
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Webbing configured as a Multiloop (Wrap 3 pull 2)
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Anchor strap
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 Webbing configured as a 3-Bight 

Using a rock as an anchor:
· Ensure that any rock utilized as an anchor has sufficient mass to hold the expected load and that the ground surrounding the rock is solid and not water saturated.

· Pad all sharp edges in which software will be positioned against.

· Particular attention must be given to the anchor strapping, as it may be prone to “popping” off of the top of a rock or slipping under the rock. Separate rope systems may have to be placed to prevent these potential occurrences. 

Using structural members as an anchor:

· Structural members are numerous in industry and “bombproof” anchors are either readily available or are easy to backup to provide additional support.

· Pad all sharp edges including “square” shaped anchors such as girders or beams to protect software.
· Structural members must be thoroughly inspected for corrosion, cracks, damage and the manner that the structural member is attached to ground or other members. (Example: An inspection of the anchor bolts that attach a sound steel member to a concrete floor must include the inspection of the stability of the concrete itself at the point that the member connects).

· Visualize the type of force that will impact the structural member once the load is applied and determine if the structural member can withstand that force. (Example: Will an anchor tied high on a vertical member apply a leverage force to the anchors base?).

   Using pickets as an anchor:

· Pickets may be utilized in an anchor poor environment, but should be assessed carefully in regard to their ability to safely hold a large load due to the variety of factors that directly impact a pickets holding power. These factors include the type of material the picket is made from, how the pickets are arrayed, depth the pickets are driven into the soil, the type of soil, compactness of the soil, and the moisture content of the soil.

· Pickets should be driven 2/3 of their length into the ground at a 15 degree angle away from the load.

· Pickets must be oriented in line with the load and they may be bundled together to provide additional strength.

· Lash pickets together with rope or webbing by tying a clove hitch to the base of the rear picket, go up and around the top of the forward picket, and continue with four to six wraps between the pickets finishing with a round turn and two half hitches on the forward picket. The hitches securing the lashing to the pickets should be located below the wraps on the forward picket to prevent the wraps from sliding down and above the wraps on the rear picket to prevent the wraps from sliding up.

· Place a stake between the wraps and tension the pickets by twisting the wraps until the forward picket just begins to move back. Drive the stake into the ground to maintain tension. (aka a “Windlass”).

· Tests were performed to determine the holding power of pickets in “loamy soil of average compactness” with the following results:

1. A single picket held 700 pounds.

2. Pickets configured as 1:1 held 1,400 pounds.

3. Pickets configured as 1:1:1 held 1,800 pounds.

4. Pickets configured as 3:2:1 held 4,000 pounds.

· Be aware that gravel mixtures and clay type soil can reduce the holding power of pickets by 10% and river clay and sand may reduce the holding power of pickets by 50%. 

· Be aware that the process of “twisting” webbing to provide the necessary tension in the windlass that permits distribution of the load throughout the picket system may damage the webbing by stressing the fibers with the application of a tension (tearing) force. This type of damage may not be readily apparent in the webbing upon inspection after the windlass is disassembled. Prudence dictates that webbing utilized to make a windlass in a picket system should be removed from service after use. 
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Picket system configured as 1:1:1



































