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Take Care of Our Climbing Areas

By Stewart Green
There are a lot of climbers now in the United States the, maybe as many as a million. It didn’t seem like there was many climbers not that long ago but now a lot of popular areas are getting overrun with climbers. For instance, Indian Creek Canyon, a sandstone canyon in southeastern Utah that is one of the world’s best crack climbing areas, has seen a 200% increase in visitation in the ten years since 2000. Climbing, once a niche sport, has now become a national craze and our climbing areas are taking a beating.

Climbing Areas Being Damaged

More climbers at the crags mean that there is more human impact on fragile climbing areas. Easily accessed cliffs get trashed—parking lots are full; social trails braid across the land to the cliff base; trash like cigarette butts and energy bar wrappers litter staging areas below cliffs; human waste and toilet tissue degrade and smell in the woods; and trampled ground at cliff-bases becomes compacted by feet and denuded of fragile vegetation. 

Minimize Climbing Impacts

Climbers need to be aware of their impact on the climbing landscape and do everything possible to minimize that impact. If we as climbers don’t do it, then management agencies like the Forest Service and National Park Service will do it for us by restricting our access to cliffs and climbing areas.
Practice No-Trace Ethic

As climbers, we need to practice a Leave No Trace ethic. We need to commit ourselves to leaving climbing areas and cliffs in as natural a state as possible and ease our temporary passage through the vertical world.

Follow These Guidelines

Follow these simple guidelines from The Access Fund and keep our climbing areas free, unregulated, and natural:

· Aspire to climb without leaving a trace.

· Dispose of human waste properly.

· Use existing trails.

· Be discrete with fixed anchors.

· Respect the rules.

· Park and camp in designated areas.

· Be considerate of other users.

· Respect private property.

The Yosemite Decimal System (YDS) is a three-part system used for rating the difficulty of walks, hikes, and climbs. It is primarily used by mountaineers in the United States and Canada. The Class 5 portion of the Class scale is primarily a rock climbing classification system. Originally the system was a single-part classification system. In recent years, Grade and Protection categories were added to the system. The new categories do not apply to every climb and usage varies widely.

While primarily considered a free climbing system, an aid climbing designation is sometimes appended. For example, The North America Wall on El Capitan would be classed "VI, 5.8, A5" using this mixed system. 

	


YDS Class

The system was initially developed as the Sierra Club grading system in the 1930’s to classify hikes and climbs in the Sierra Nevada. Previously, these were described relative to others. For example Z is harder than X but easier than Y. This primitive system was difficult to learn for those who did not yet have experience of X or Y. The club adapted a numerical system of classification that was easy to learn and which seemed practical in its application.

Guidebooks often append some number of stars to the YDS rating, to indicate a climb's overall "quality" (how "fun" or "worthwhile" the climb is). This "star ranking" is unrelated to the YDS system, and varies from guidebook to guidebook.

The system now divides all hikes and climbs into five classes: The exact definition of the classes is somewhat controversial. 

· Class 1: Walking with a low chance of injury.

· Class 2: Simple scrambling, with the possibility of occasional use of the hands. Little potential danger is encountered.

· Class 3: Scrambling with increased exposure. A rope can be carried but is usually not required. Falls are not always fatal.

· Class 4: Simple climbing, with exposure. A rope is often used. Natural protection can be easily found. Falls may well be fatal.

· Class 5: Technical free climbing involving rope, belaying, and other protection hardware for safety. Un-roped falls can result in severe injury or death.

The original intention was that the classes would be subdivided decimally, so that a class 4.5 route would be a climb halfway between 4 and 5. Class 5 was subdivided in the 1950s. Initially it was based on ten climbs of Tahquitz Rock in Idyllwild, California, and ranged from the "Trough" at 5.0, a relatively modest technical climb, to the "Open Book" at 5.9, considered at the time the most difficult unaided climb humanly possible. This system was developed by members of the Rock Climbing Section of the Angeles Chapter of the Sierra Club. 

Increased standards and improved equipment meant that class 5.9 climbs in the 1960s became only of moderate difficulty for some. Rather than reclassify all climbs each time standards improved, additional classes were added. It soon became apparent that an open-ended system was needed and further classes of 5.11, 5.12, etc. were added. It was later determined that the 5.11 climb was much harder than 5.10, leaving many climbs of varying difficulty bunched up at 5.10. To solve this, the scale has been further subdivided above the 5.9 mark with suffixes from "a" to "d". As of 2005, several climbs are considered to have a difficulty of 5.15a. Akira, climbed by Fred Rouhling, is claimed to be a 9b (French grade) which translates to YDS 5.15b. Chilam Balam climbed by Bernabé Fernández was rated as 9b+ or 5.15c YDS. Both were controversial, with 'Chilam Balam' downgraded to 9b (5.15b) by Adam Ondra in April 2011. 

The original Sierra Club grading system also had a Class 6, for artificial, or aid climbing. This sort of climbing uses ropes and other equipment where progress is made by climbing directly on equipment placed in or on the rock and not the rock itself. Class 6 is no longer widely used. Today aid climbing uses a separate scale from A0 through A5.

Classification of climbs between indoor gym, sport and traditional climbing can also vary quite a bit depending on location and history.

YDS Grade

The YDS grade system involves an optional Roman numeral grade that indicates the length and seriousness of the route. The grades are:

· Grade I: One to two hours of climbing.

· Grade II: Less than half a day.

· Grade III: Half a day climb.

· Grade IV: Full day climb.

· Grade V: Two day climb.

· Grade VI: Multi-day climb. 

· Grade VII: A climb lasting a week or longer.

The Grade is more relevant to mountaineering and big wall climbing, and often not stated when talking about short rock climbs.

YDS Protection Rating

An optional protection rating indicates the spacing and quality of the protection available for a well-equipped and skilled leader. The letter codes chosen were, at the time, identical to the American system for rating the content of movies:

· G: Good, solid protection.

· PG: Pretty good, few sections of poor or non-existent placements.

· PG13: OK protection, falls may be long but will probably not cause serious injury.

· R: Runout, some protection placements may be very far apart (possibility of broken bones, even when properly protected).

· X: No protection, extremely dangerous (possibility of death even when properly protected).

The G and PG ratings are often left out as they are typical of normal, everyday climbing. R and X climbs are usually noted as a caution to the unwary leader. Application of protection ratings varies widely from area to area and from guidebook to guidebook.

Climbing Gear Strength Ratings and Testing Standards

The strength ratings for climbing gear exist to give you information about the limitations of the equipment. Without exception, the strength rating of all climbing gear indicates the maximum load the gear endured prior to destructive failure using standard testing procedures. Under no circumstances should strength ratings be interpreted as a safe working load.

If you examine your climbing gear you will find some cryptic diagrams etched on it or included on the labels and hangtags. This information offers details about the gear’s strength (in kiloNewtons) and manufacturing procedures. 

Strength Ratings

A kiloNewton (kN) is a measure of force, rather than a measure of static weight or mass. Force is calculated by multiplying mass by acceleration. One kiloNewton equals approximately 100kg (225 pounds) when the accelerating force of gravity is acting on it. Pieces of equipment that are designed to absorb the force that a fall generates (these include rope and webbing, your harness, and all gear used as anchors or protection on a route) will be rated with the maximum number of kiloNewtons they can withstand. These ratings do not take into account factors such as wear and deterioration, cross-loading or levering. 

Testing Methods

Batch Testing

An older method for strength testing had an arbitrary, though universally accepted, margin that rated biner strength at 10% below the average failure point of a test batch. 

In other words, by pull testing a random sample of carabiners and measuring the average failing point and subtracting 10% of the average strength, the manufacturer can predict within an acceptable margin of accuracy and safety that the product will endure the impact forces generated by a falling climber. 

Three Sigma Testing

To attain a meticulous degree of accuracy, some manufacturers use a rigorous rating standard called Three Sigma:

· A random sample (or batch) of equipment is tested in a machine called a tensile tester that stretches the piece until it breaks. 

· From the test, the average, or mean breaking strength is determined for the batch. From this data, the average deviation from the mean, called standard deviation, is also calculated. 

· The standard deviation represents the variation of breaking strengths within a batch. If the gear is rated at three standard deviations less than the average breaking strength, 99.87% of the gear released for sale will be stronger than the rating. 

For example, if 20 carabiners fail with an average strength of 2700 kilograms with a standard deviation of 65 kilograms, the Three Sigma rating would be 2505 kilograms (3 x 65 subtracted from the average strength). The Three Sigma standard tells us that more than 99% of the carabiners produced will endure more than 2505 kilograms of weight before failure.
Manufacturing Standards
Most quality climbing products meet widely accepted standards of quality and safety. Although it is not explicitly required by law in North America, some of the standards you will see associated with climbing products are: CE, UIAA, and ISO.

CE

A product stamped with the CE mark indicates that it has passed strength testing requirements, and the manufacturing processes meet European Union laws. The CE mark is accompanied by a number (for example CE 0639) that identifies the registered testing facility the company uses. The standards that products need to be tested to are identified by “EN”; for example EN 959 covers rock anchors. 

In Europe, all climbing products in defined categories must receive CE certification before they can be sold.

UIAA (Union International des Associations d’Alpinisme)

CE standards are based on the pre-existing UIAA had norms that climbing equipment manufacturers referred to before CE testing was implemented. 

Today, the UIAA norms still exist and often lay out additional (though voluntary) requirements for certain products. For instance, the UIAA helmet rating calls for even higher force absorption standards than the applicable CE norm. Products that meet the UIAA norm have been tested in UIAA approved facilities and have the UIAA stamp.

Many non-European climbing manufacturers seek both CE and UIAA certification in order to sell in the European market and demonstrate the quality of their products to consumers in North America.

ISO

ISO is an international standards organization. Manufacturers that are ISO certified have a registered facility oversee their quality assurance systems to make sure they conform to the norms.

Information on Rope Selection

There are basically two "types" of climbing ropes, Dynamic and Static. These can be used in a number of applications, depending on their width, length and options. Static stays the same and dynamic can change. The following will give you an understanding of the different types and options used in most climbing ropes today. 

Two Types

Dynamic:
The rope is designed to stretch at a designated percentage given a static load of a designated weight (i.e. 6.5% stretch on static load of 80Kg). The reason these ropes are designed to stretch is to minimize and absorb some of the impact of a fall - imagine taking a 20' fall w/ no stretch, you could snap your back in two! These ropes are used in any/all lead climbing to protect the climber by absorbing the impact of a large fall. This is the standard in rock climbing. These ropes can be used for rappelling, top-roping and hauling gear like it’s cousin, the static rope, but understand that these practices will put more wear and tear on the ropes and cause them to wear out faster. 

Static:
Static lines are the opposite of dynamic ropes and market their ability to NOT stretch under load. These are primarily used for rappelling, top-roping, anchor building and hauling gear, however should NEVER be used for lead climbing 

Sizes (Both lengths and widths)

Single:
Single ropes are generally between 9.5mm and 11mm in width and vary greatly in length, although the climbing standard seems to be the 10.5mmx50m. The general rule of thumb that thicker is stronger does not necessarily hold true as you would imagine. For example, a Sterling 10.2mmx60m is rated for 10-11 falls; while their 11mmx60m is also rated to 11; and their 9.7mmx60m is only rated to 5. Despite the .5mm difference between the 9.7mm, it will take 5-6 more falls, whereas the .8mm difference and the 11mm really see no gain. Check the rope's ratings and decide what you're going to be doing on the rope when you make that decision. The thinner the rope, the lighter it is, especially when you have 150' of thread strung out - it can get pretty heavy. 

Options

Dry versus Standard (non-Dry):
Some ropes are given a special treatment to keep them from absorbing water in the same way that you would waterproof a boot. These ropes, called Dry ropes, are used primarily for ice climbing and mountaineering where you expect your rope to encounter wet conditions and where if it does get wet, it would turn into a long, skinny, chunk of ice. While ropes are not adversely affected simply by getting wet, they do, however, absorb water easily, which greatly increases its weight, making it that much harder to climb. If you only plan on rock climbing, I see no need to get a Dry rope. Something to keep in mind is that like any waterproof treatment, this too will eventually wear off the rope as well depending on how often and under what conditions you use your rope. 

Bi-Color or Half-n-Half:
These ropes are unique in that the color or pattern of the rope changes at the halfway point of the rope making it easily distinguishable. Nearly every climbing rope is sold with some sort of mark that designates the mid-point of the rope, but most of them wear off one way or another, whereas Bi-color or Half-n-Half ropes will never lose their easy to find mid-point designator. It’s extremely important that climbers’ ropes are marked for the halfway point so they can determine whether they can make it down on one rope, or if they need to bring two.

Fall Ratings


Fall ratings are governed by the UIAA (International Union of Alpine Associations) who issues standards that ropes must meet to become "CE" certified. Ensure that any rope you purchase is CE certified, basically saying, "This product is fit for its intended use." Fall ratings measure the number of falls that your rope is rated to safely take. While the UIAA standard for falls is 5 falls for single and half (double), and 12 falls for Twin ropes; you’ll often see ropes that advertise much higher fall ratings, these numbers are given by the manufacturer, but are still only tested to the UIAA standard. It's important to keep a log of your falls so you can track the wear on your rope. Fall Ratings vary greatly by size and manufacturer - do some research on this and find the rope that will suit your climbing applications and style. 

Here are some other UIAA shock load standards: 

· Anchors: 25 kN 

· Carabiners: 20 kN 

· Slings: 22 kN 

· Harnesses: 15 kN 

· Rope: 9 kN
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Knots and Hitches

Munter Hitch

Also known as the Italian hitch, is a simple knot, commonly used by climbers and cavers as part of a life-lining or belay system. To climbers, this knot is also known as HMS, the abbreviation for the German term Halbmastwurfsicherung, meaning half clove hitch belay. This technique can be used with a special "pear-shaped" HMS locking carabiner, or any locking carabiner wide enough to take two turns of the rope. The 'Munter hitch' is named after a Swiss mountain guide, Werner Munter, who popularized its use in mountaineering.

The hitch is simply a set of wraps using a rope or cord around an object, generally a round object like a pipe, pole or more commonly, a carabiner. Its main use is as a friction device for controlling the rate of descent in belay systems.
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Munter Hitch Being Used in a Belay System
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Clove Hitch

This is a popular hitch which is easy to tie, and is one of the most frequently used knots that is essential for both summer and winter climbing. It is used mainly as an anchor knot and in belay setup. Do not make two or more Clove Hitches onto one Carabiner. The correct way to clip the knot is with the load rope nearest to the back bar/spine of the Carabiner, along its stronger axis.
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Water Knot

The water knot (also tape knot, ring bend, grass knot, or overhand follow-through) is a knot frequently used in climbing for joining two ends of webbing together, for instance when making a sling.
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Prusik

Named after Dr.Karl Prusik, the prusik is a friction hitch or knot used to put a loop of cord around a rope, applied in climbing, canyoneering, mountaineering, caving, rope rescue, and by arborists. The term Prusik is a name for both the loops of cord and the hitch, and the verb is "to prusik". More casually, the term is used for any friction hitch or device that can grab a rope.

[image: image8.png]@A |




Alpine Butterfly

The alpine butterfly knot is a knot used to form a fixed loop in the middle of a rope. Tied in the bight, it can be made in a rope without access to either of the ends; this is a distinct advantage when working with long climbing ropes. The butterfly loop is an excellent mid-line rigging knot; it is symmetrical and handles multi-directional loading well.
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Garda Hitch

The Garda Hitch also known as the Alpine Clutch is a class of climbing knots known as ratcheting knots for their ability to let the rope move in one direction, but not in the other. This class of knots has many uses in climbing and mountaineering, for example in a pulley system where a load is being hauled up a cliff, the Garda hitch prevents the load from slipping when the pulley system is reset.
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More Friction Hitches

A friction hitch is a kind of knot used to attach one rope to another in a way that is easily adjusted. These knots are commonly used in Single Rope Technique while climbing to ascend a hanging rope by alternately hanging on one friction hitch and sliding the other up. Friction hitches are also commonly used as ratchets to capture progress on a moving rope, to ensure that it can move one way (commonly up) but not the other. These hitches are a simple and cheap alternative to mechanical ascenders.

                    Bachmann


       Autoblock



  Klemheist
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Bowline

This is a common knot that is easy to tie and untie. It is used as part of a top-rope anchor system.
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Munter Mule Knot (with an overhand back-up knot)
A Munter Mule knot is actually a combination knot that uses the Munter knot as a backup for the Mule hitch. The purpose is generally for securing or releasing a rope while under a load for the climber's self-rescue. 

Basically, a mule knot is just a form of a slip knot and it is used to keep the Munter from slipping. The only things needed for this knot is rope and a locking carabiner. In order to learn to tie this combination knot, it will be necessary to learn both the Munter Hitch and the mule knot. 
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Active Protection
Active Protection consists of Spring-Loaded Camming Devices (cams), active Tri-Cam placements, active hex nut placements, and sliding ball-nuts. This type of gear is active because as force is applied to the device, it applies more force to the rock, creating more friction. In other words, the harder you pull, the tighter it holds. 

Active protection is incredibly versatile. You can place it in vertical, horizontal and diagonal cracks and some pockets. Some cams even work in slightly flaring cracks. Active pro is particularly useful because a single piece will fit a range of crack widths. 

Conversely, because most active pieces have mechanical moving parts, they are much more fragile than nuts and hexes. They also require maintenance, including cleaning and lubrication.

Spring Loaded Camming Devices
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Spring Loaded Camming Devices (SLCDs), or Cams, are the most common type of active protection, will make up a large part of your rack (and will drain your paychecks the quickest!).  They consist of a shaft or handle, an axle, a trigger, and three or four lobes. When you place them, you pull a trigger and the lobes rotate, giving the cam a lower profile. After inserting the cam into a crack, you release the trigger and the head expands until it makes contact with the rock. Some cams have dual axles, such as Black Diamond Camalots, while most others have a single axle. The extra axle gives you a slightly larger range in each cam and can be place differently. 

Cams work in parallel, constricting and very slightly flaring cracks. If they have a flexible stem (almost any cam except old Wild‐Country Friends), you can place them in horizontal cracks. If you have a rigid stem cam, it is possible to tie it off closer to the lobes and use it in horizontal cracks, but if you don't, you run the risk of breaking the cam if you fall on it.
Tri-Cams
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Tri‐Cams are handy pieces of protection that will fit in places no other pro can. They have a runner attached to an axle, two rails and a point. They can be used as passive protection if the axle is lower than the rest of the piece; in this orientation, they make for sharply angled nuts. The real magic begins when you turn the tri‐cam around, set the point in a slight dimple or constriction, and set the rails against the opposite wall, as pictured above. The strength of the piece increases substantially, and they become fantastically useful. Tri‐cams work beautifully in small pockets and horizontal cracks. They also work well in vertical cracks, and sometimes give better placements than cams. They do require a slight dimple or shelf in the crack. Tri‐cams are a crucial part of any Gunks rack, because of all the horizontal cracks.
Reference: John Long and Climbing Techniques

Passive Protection
Passive protection is protection that does not actively cam in the rock, and does not have moving parts. Contrarily, a piece that "cams" is a piece that applies increasing pressure outward, against the walls of crack, as it is pulled downward; this is also known as Active Protection. Passive protection relies on constrictions in cracks to hold it in place. The most common types of passive protection are nuts or stoppers. Hexagonal wedges (hexes), Tri-Camming Units (tri-cams), and even Spring Loaded Camming Devices (or SLCDs or cams) can all be used as either active or passive protection. These pieces must be placed differently according to the application desired. Become familiar with each type of piece and its various placements and applications. Big Bros, spring-loaded tube chock, are another form of passive protection used in large cracks (mainly > 6.5 inches). They are incredibly strong and a great feat of engineering, but not as widely used, so we will not focus on them here.

Passive protection is incredibly strong, durable, and reliable. A solid nut placement in a crack is bomber enough to take a big fall from a lead climber. A downside to passive protection is that it is more likely to pop out with rope drag. It is always best to extend nut or hex placements with a quickdraw or an extended alpine draw, according to the anticipated direction of the climb. Another downside is that nuts can be extremely difficult to remove from the rock, especially if the leader fell or sat on the piece. Black Diamond and Metolius both make nut tools, which are designed to help the second remove difficult placements. 
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So what makes a good passive protection placement?
· The piece is wedged into a constricting section of a crack. Inspect the rock and find the best match between the geometry of your piece and the geometry of the constriction. 

· The piece is making good contact on all sides contacting the rock. You want to see continuous contact between the rock and the metal - no bulging crystals or knobs. Always maximize the surface area of your piece contacting the rock. 

· There are no large open cavities behind the piece that it could fall into, potentially rendering it useless. Watch out for this, and always visually inspect the crack you are placing into for variations in width between the front and the back of the crack. If you find yourself in a situation where there is an open cavity behind your otherwise bomber placement, consider placing a larger nut in that open cavity. You run a risk here; however, because you might not be able to visually inspect that piece to make sure it is making good contact or is in a constriction. Your best bet in this case may be to find another placement. 

· The piece is contacting solid rock. Your gear is only as strong as the rock it is touching. Stoppers create large outward force during a fall; if your piece is behind a loose flake or block it will be coming down with you as you fall. Not good! 

· The cable (or sling) hangs in the direction of the anticipated pull (i.e. downward!). This helps ensure that in the event of a fall, your piece stays in the position you placed it (rather than get jerked around) and the force is applied downward into the constriction beneath your piece.
Other considerations on Passive Protection:
· Usually, the most obvious placement is the best one. Avoid awkward moves and stretching to place your stopper. Similarly, the primary position of a given piece is generally the strongest. While most passive pieces can be placed in several directions, there is generally a strongest or primary position. Familiarize yourself with this placement and use it whenever possible. 

· Practice on the ground before getting on the sharp end. Placing passive protection can be tricky. Rock and mortar fireplaces can make good classrooms, especially on rainy days. Have an experienced friend inspect your placements and correct any faults before you take your mistakes up a route with you. 

· Climbing gear is not made to last forever. Inspect your wires for kinks or abrasions and inspect the heads of your nuts for abrasions or cracks.

Natural Protection
Natural forms of protection are some of the most common types of anchors you will use, especially for building top-rope anchors. Trees and boulders are the most common objects, but you can also use natural features in the rock, such as horns, spires and arches. Each requires a slightly different placement, but all can be effective in bearing the weight of a fall.

Trees
Trees are probably the most common type of natural anchor. In wooded areas, the tops of routes will often be covered in trees, and you will find trees in quite unlikely spots (there is a tree in the Shawangunks in New York that grows out of a crack, out an overhang, and then bends upward!). Some trees are unsuitable for anchoring. Read up on dendrology and how different trees are structured.

You need to check by asking yourself these questions: 

· Is the tree big enough? A one-inch diameter tree might hold your weight, but what about the force of a fall? 

· How is the root system of the tree? Sometimes a tree will grow out of a crack, or the dirt around the roots will have eroded out. It may seem stable, but there may not be much holding it in. Don't trust your life to something that might tear out. 

· What is the condition of the soil or rock that the tree is rooted in? 

· Is the tree dead? John Long tells a classic story of easily kicking out a longstanding dead tree with dozens of slings from previous climbers using it as a rappel anchor. Wood that sits out in the elements quickly loses its integrity and becomes brittle. Don't immediately trust a dead tree.

There is an easy way to check any tree to see if it is strong enough: yank on it, kick it, and bang on it with your hand. If it moves, sounds hollow or dislodges dirt, move on.
Rocks and Boulders

Rocks often protrude upwards, creating a vertical element that you can anchor to, such as a horn. Boulders are incredibly heavy and usually make great anchors, if you can get a runner or cordelette around them. Sometimes a rock simply sitting on a ledge is heavy enough to bear massive forces, and you can sling the whole boulder all the way to the ledge it is sitting on. 

You need to make sure that boulders you want to use are suitable anchors, so ask yourself these questions:

· Is the boulder stable? Sometimes even very large boulders can be precariously balanced. Check by pushing on them with your arms or legs, but be REALLY careful not to knock large boulders off the cliff. If you do push off a rock, make sure to yell "ROCK!" as loud as you possibly can. If a rock looks unsteady, but you can't move it, don't trust it. 

· Is the rock large enough? A small rock, or even a small part of a large rock, can move or break. Eyeball it, thinking about size in cubic feet compared to forces that will be applied in the event of a shock-load on the anchor system as a whole.

· Is the rock solid? Some rock is weak and crumbly, or chossy. Hit it and listen for hollow sounds, and to look for crumbling. Don't trust chossy rock with poor macro or micro structure. 

· Could the runner or static rope possibly slip off the boulder? Is it shaped correctly? This may not be an issue while the climber is below the anchor, but consider what will happen if they are above it. 

Always check the rock if you are not sure if it will hold. Bang on it and kick it, try to move it around a little. 

Chockstones 
They use the same principle as chocks (thus the name): a rock gets wedged in a constriction in a crack, so that it can't fall any further. Even a relatively small chockstone can make a great anchor. 

Again, you need to check to see if it is a suitable anchor:

· Can it move? A chockstone may rotate or wiggle. If it does, don't trust it. 

· Is it made of solid rock? Soft sandstone can fall apart under force, and fall out of the crack 

If your chockstone passes these tests, you can sling it with a girth hitch, making sure the hitch is located at the bottom of the chockstone, and to one side or the other. It may seem illogical to place the sling on a side, but you are less likely to rotate the stone this way, and that is the most likely reason for it falling out. 

Rock Features
Sometimes the rock creates other types of features, such as arches or horns. These are protrusions from the rock, and make great holds and occasionally great anchors. Apply similar logic to checking the security of these features as you would for any other piece of protection: bang on them and listen for hollow sounds, and check for cracks or weak rock. 

Also, is the feature really shaped well enough to hold a sling? Sometimes a scared climber can be dangerously optimistic about how good a feature is. Make sure the sling can't slip off. If it can, either skip it or place something else as soon as possible.

With features in the middle of routes, it is especially important to use a clove hitch. It will resist upward pull and will help keep the sling on the rock. It is almost never acceptable to simply throw a sling over a feature and keep climbing. 

Structural Geology and Anchor Assessment

Rock microstructure includes the texture of a rock and the small scale rock structures. When placing a piece of protection be sure to analyze and assess the smaller components of the rock that you are placing your anchor into. Look closely at cracks and look for fine weaknesses in the rock like layers of quartz in cracks, moss, dirt, etc.

Rock macrostructure includes a wider area to which you would be looking for a placement. Spread out from the area you intend to place your piece of protection and look at the rock quality. Search for flake systems, cracks and hollow spots that would make a solid placement useless if the anchor was to be weighted in any way.

Boulder Weights

The average weight of a sandstone boulder is approximately 125 - 150 pounds per cubic foot. Limestone boulders and granite boulders in most cases weigh more. They average about 165-175 pounds per cubic foot. To estimate the quantity, you need to convert the area into cubic feet by multiplying length x width x height. Once you have this number, multiply it by the boulder's weight per cubic foot, then divide by 2000 to convert this number into tons.
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Rock Groups

Igneous
Igneous rock (derived from the Latin word igneus meaning of fire, from ignis meaning fire) forms through the cooling and solidification of magma or lava. This magma can be derived from partial melts of pre-existing rocks in either a planet's mantle or crust. Typically, the melting of rocks is caused by one or more of three processes: an increase in temperature, a decrease in pressure, or a change in composition.

Igneous rocks are divided into two main categories: plutonic rock and volcanic. Plutonic or intrusive rocks result when magma cools and crystallizes slowly within the Earth's crust. A common example of this type is granite. Volcanic or extrusive rocks result from magma reaching the surface either as lava or fragmental ejecta, forming minerals such as pumice or basalt. The chemical abundance and the rate of cooling of magma typically form a sequence known as Bowen's reaction series, after the Canadian petrologist Norman L. Bowen. Most major igneous rocks are found along this scale. 

About 64.7% of the Earth's crust by volume consists of igneous rocks; making it the most plentiful category. Of these, 66% are basalts and gabbros, 16% are granite, and 17% granodiorites and diorites. Only 0.6% are syenites and 0.3% peridotites and dunites. The oceanic crust is 99% basalt, which is an igneous rock of mafic composition. Granites and similar rocks, known as meta-granitoids, form much of the continental crust. Over 700 types of igneous rocks have been described, most of them having formed beneath the surface of Earth's crust. These have diverse properties, depending on their composition and how they were formed.

Sedimentary
Sedimentary rocks are formed by sedimentation of particles at or near the Earth's surface and within bodies of water. This process causes clastic sediments or organic particles (detritus) to settle and accumulate, or for minerals to chemically precipitate (evaporite) from a solution. The particulate matter then undergoes compaction and cementation during diagenesis.

Before being deposited, sediment was formed by weathering and erosion in a source area, and then transported to the place of deposition by water, wind, ice, mass movement or glaciers which are called agents of denudation. Mud rocks comprise 65% (mudstone, shale and siltstone); sandstones 20 to 25% and carbonate rocks 10 to 15% (limestone and dolostone). About 7.9% of the crust by volume is composed of sedimentary rocks, with 82% of those being shales, while the remainder consist of limestone (6%), sandstone and arkoses (12%).

Metamorphic
Metamorphic rocks are formed by subjecting any rock type—sedimentary rock, igneous rock or another older metamorphic rock—to different temperature and pressure conditions than those in which the original rock was formed. This process is called metamorphism; meaning to "change in form". The result is a profound change in physical properties and chemistry of the stone. The original rock, known as the protolith, transforms into other mineral types or else into other forms of the same minerals, such as by recrystallization. The temperatures and pressures required for this process are always higher than those found at the Earth's surface: temperatures greater than 150 to 200 °C and pressures of 1500 bars. Metamorphic rocks compose 27.4% of the crust by volume. 

The three major classes of metamorphic rock are based upon the formation mechanism. An intrusion of magma that heats the surrounding rock causes contact metamorphism—a temperature-dominated transformation. Pressure metamorphism occurs when sediments are buried deep under the ground; pressure is dominant and temperature plays a smaller role. This is termed burial metamorphism, and it can result in rocks such as jade. Where both heat and pressure play a role, the mechanism is termed regional metamorphism. This is typically found in mountain-building regions. 

Depending on the structure, metamorphic rocks are divided into two general categories. Those that possess a texture are referred to as foliated; the remainder are termed non-foliated. The name of the rock is then determined based on the types of minerals present. Schists are foliated rocks that are primarily composed of lamellar minerals such as micas. A gneiss has visible bands of differing lightness, with a common example being the granite gneiss. Other varieties of foliated rock include slates, phyllites, and mylonite. Familiar examples of non-foliated metamorphic rocks include marble, soapstone, and serpentine. This branch contains quartzite—a metamorphosed form of sandstone—and hornfels. 

SERENE/ERNEST Anchors

SERENE and/or ERNEST are useful acronyms for remembering the important points when building anchors.

SERENE

· S - Strong (or Solid) - The stronger the better

· E - Equalized - Anchors should be constructed so that each component of the anchor carries an equal amount of the load

· R - Redundant - Anchors should consist of multiple components in case one or more components fail

· E - Efficient - Anchors should be as simple and timely as possible without giving up any of the other SERENE qualities

· NE - No Extension - Anchors should be built so that if one or more of the components fail the remaining components won't be shock loaded

Many sources drop the efficiency component and suggest building SRENE anchors, but that's just silly.

EARNEST

ERNEST covers all the same points, but in an alternate order and in slightly different language

· E - Equalized - Anchors should be constructed so that each component of the anchor carries an equal amount of the load
· A - Angles between anchor components should be low, less than 90 degrees, and ideally 10-45 degrees.
· R - Redundant - Anchors should consist of multiple components in case one or more components fail

· NE - No Extension - Anchors should be built so that if one or more of the components fail the remaining components won't be shock loaded

· S - Strong (or Solid) - The stronger the better

· T - Timely - Anchors should be as simple and timely as possible without giving up any of the other ERNEST qualities

Vector Forces

Vector forces become apparent whenever there is an internal angle greater than 0° between two or more rigging components or anchorage points.

For ease of explanation, a vector force is typically trying to pull horizontally as well as vertically. This has a multiplying effect on the loads that are felt at the anchor points and likewise the tension exerted within the rigging equipment, be it ropes, slings, strops or chains. The effects of vector forces must always be taken into account when undertaking rigging tasks to ensure that these forces do not exceed the safe working load capacity of the equipment, components and anchor devices used within the system. 

The Basics
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To start with the basics, if we imagine a load of 100kg suspended equally from two slings then each sling would equally share half of the loads weight. 

In the situation illustrated above, the weight of the load = 100kg. The load is supported by two slings of equal configuration with no internal angle, so 100kg / 2 = 50kg. This means that each sling and anchor point is being subject to 50kg or 50% of the loads weight. 

The Ideal Angle
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As the internal angle between the rigging slings increases then additional forces (vector forces) begin to be applied to each sling / anchor point.

When rigging ropes the 'ideal angle' is approximately 45°, at the ideal angle there would be 54% of the loads weight being distributed to each anchor device. Although this is over half of the original weight of the load we have still gained an advantage by sharing it between the two anchor points. 

The 'OK' Angle
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An internal angle of 90° between ropes and rigging components is sometimes referred to as the 'OK' angle. At this angle 71% of the loads weight will be distributed to each anchor component, so in this example that will be 71kg.

It is often easier to roughly estimate a 90° or right-angle when undertaking rigging tasks. By staying at or below this angle ensures that we don't load our anchor components with excessive forces. 

The Critical Angle

[image: image26.jpg]



A basic way to understand the effect of vector forces is to imagine that if a full circle equates to 360° and this was split into three equal parts we would end up with three angles of 120°, as show in the illustration on the right. An internal angle of 120° is also defined as the 'critical angle'.

Because everything is in equilibrium at the critical angle of 120°, whatever the load weighs is what we have being exerted to each anchor point and each item of rigging equipment. So in this example it is 100kg or 100% of the loads weight. 

The Calculations
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Vector forces can be calculated using mathematical formula. Providing that the rigging components are sharing the weight of the load equally, such as in a 'Y' hang then the following equation can be used:
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Where:

F is the resultant force exerted to each anchorage.
m is the mass or weight of the load.
α is the internal angle between the two slings.

Force is an influence that has both magnitude and direction; it is usually given in the dynamic unit of Newtons (N). For simplicity we have used kilograms for the examples on this page. 

Vector Force Chart

This chart displays the resultant force applied to each anchor point / rigging component when the load is equally shared in a Y-hang rigging configuration. The ratio is also given in percentages as this is often an easier way to calculate forces relevant to the specific weight of the load.
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Notice that when the critical angle of 120° is exceeded, then these forces increase dramatically. If an angle of 175° could be achieved (although this would be extremely difficult) then with a 100kg load there would nearly be 1150kg being felt by each anchor component. Something worth keeping in mind when working with Tensioned Lines, Cross Hauls and Tyrolean's!
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