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Genis Ozet

Giivenlik, ekipman ihtiyaclar1 ve bakimi, emniyet noktasi doniistiirme prosediirleri ve
aksilik potansiyeline odaklanan on dort temel belirleyici kullanilarak inis yontemlerinin
kisa bir karsilastirmali analizi sunulmustur. Her iki teknik de miikemmel degildir ancak her
ikisinin de duruma gore belirli avantajlar1 vardir. Tek ip boylu rotalarda hep algalmay:
secmek ya da ¢ok basamakli rotalarda her zaman iple inmeyi se¢mek, her durumun
gerekliliklerini ve sinirlamalarini goz ardi eden ezberci bir kuraldir.

Inis emniyet noktalarini temizlemenin ve tek ip boylu spor rotalardan inmenin alt1 temel
yontemi vardir:

1) Serbest Inis

2) Acik Emniyet Noktasi Inisi

3) Kapali Emniyet Noktasi Inisi: Déngii Besleme Yéntemi

4) Kapali Emniyet Noktas1: Arka U¢ Besleme Yontemi

5) Cift Hatl Iple Inis: Kisisel Prusik ve Uzatilmis Desteksiz Frenleme Cihaz

6) Tek Hatli Halat-Kurtarma ipiyle Inis: Destekli Frenleme Cihaz

Ik iki teknik tartisilmayacaktir. Son dérdii icin déniigiim siralar1 makalenin tam metninde
6zetlenmistir. Kapali ankraj yontemleri halatin acilamayan donanimlardan beslenmesini
gerektirir. Dongii besleme yontemi yalnizca ankraj donaniminin bir miktar ipi barindiracak
kadar biiyiik olmasi durumunda ise yarayacaktir. Ankraj dislisi ¢ok kiiciik oldugunda,
misinay1 bosaltmak i¢in u¢tan besleme yontemi kullanilmalidir.

Desteksiz bir frenleme cihazi kullanilarak yapilan halatla inig, tirmanicinin giivenli bir
sekilde alcalmasi icin ¢iftlenen halatin her iki tarafinin da baglanmasini gerektirir. Hat,
baglant1 noktasinda ikiye boliinmeli ve her iki ucu da yere ulasmalidir. Tek hatli halat
¢cekme halaty, tirmanicinin destekli frenleme cihazi kullanarak halatin yarisina inmesine
olanak tanir. Rappelling yontemleri ayrica halatin bir ucunun kapali ankraj donanimindan
beslenmesini gerektirir.

Inis ile Halath inigin Karsilagtirlmas:

1. Iple inis, inise gére daha fazla techizat gerektirir.

2. Iple inis déniisiimleri daha fazla adim gerektirir ve halatin ankrajlardan gecirilmesi
ekstra zaman alir.

3.Iple inis i¢in gereken karmasik déniisiimlerin sayis1 arttikca hata potansiyeli de artabilir.
4. Inis icin gereken daha basit doniisiimlerde, daha yiiksek rahavet kaynakh hata
potansiyeli olabilir.

5.1ple inerken emniyet noktasinin iizerindeki kuvvet daha yiiksektir.

6. Inis ankrajin asinmasini artirir.

7. Halat hasari ve bozulmasi, inislerde daha fazladir.

8. Halat dolanma potansiyeli ankraj konfigiirasyonuna baghdir.

9. Acgik ankraj sistemlerinde halattan ayrilma potansiyeli mevcuttur. Kapali ankraj
sistemlerinde biikiilme ve halat dolagmasi halatin sikismasina ancak kopmamasina neden
olabilir.

10. iple inerken halat kollarindaki kuvvet daha azdur.

11. Tirmanicinin deneyimine baglh olarak her iki doniisiim tiriinde de sikisma
miimkiindiir.

12. Tirmanicinin deneyimine bagl olarak her iki doniisiim sirasinda da halat atabilir.

13. Tecriibesine bagli olarak tirmanicinin halattan ¢ikma ihtimali vardir.

14. Tirmanicinin halati diisiirmesi ve sikisip kalmas1 durumlarinda partnerin yardimiyla
veya 0z cabasiyla kendini kurtarmasi miimkiindiir.

Sonuglar
Ankraj donanimi keskin kenarli gentiklere sahipse;
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Emniyet noktasi biitiinliigi ve saglamlhigi siipheliyse;
Sabit techizat inise uygun degilse;
Ankraj donaniminin dar ¢apli baglanti noktalari varsa;
: Yerel uygulamalar ve etik, iple inisi gerektiriyorsa;
Bu ¢ok genis kosullar altinda inislerden kag¢inilmasi onerilir.

Ankrajlar ve donanimlar uygun ve diizenek idealse;

Hiz ve verimlilik kritik 6neme sahipse;

Kisisel ekipmanlar sinirliysa;

Tirmanicinin deneyimi sinirliysa;

Yerel uygulamalar ve etik degerlerin diisiiriilmesini gerekiyorsa; Inis daha
uygundur. Analiz edilen faktorlerin her birinin durumuna gore farkl uygulamalara 6ncelik
verilmesi yararh bir olacaktir. Asagidaki temel sorular karar asamasinda yardimci olabilir:

Hangi kosullar ani ve yikici sistem arizasina yol acgabilir?

Hangi durumlar asili kalmaya veya halat sikismalarina yol agabilir?

Ekipmanin biitiinliigli ve uzun 6miirliiligi agisindan hangi konular kritik olabilir?

Hangi faktorler verimlilik ve rahatlig1 sagliyor?

Introduction

Mountaineers developed rappelling or abseiling techniques during the 1800s (Martin,
1987; Wilkinson, 2019). The practice of backing up a rappel with a Prusik Knot positioned
above the rappel device occurred between the 1940s and 1980s (Blackshaw, 1965; Casewit
& Pownall, 1968; Chisnall, 1985; Ferber, 1974; Loughman, 1981). Rappelling with an
extended rappel device and a Prusik Knot below it became popular in the 1990s and 2000s,
and lowering off routes commenced around the 1990s (Shepherd, 2002; UIAA - Petzl®,
2013). In the past few years, however, sport climbers have been lowering off one-pitch
routes more frequently for speed and efficiency. Descending techniques have been a matter
of regional practice and personal preference, as well as a topic of discussion and
controversy in blogs, websites and internet forums (for example: Felix, 2014; JRZane, 217;
Kennedy, 2020; Johnson, 2011; Gergich, 2017a, 2017b; Obsidian, 2017; Thomas, 2019). It
is informative to follow the string of opinions that ensue when questions are posed. Several
of the key issues raised in these on-line discussions will be summarized herein.

Is it better to rappel or lower? Binary thinking can be misleading. A balanced pro-con
approach is recommended when assessing the merits and relative safety of specific
techniques, procedures and systems (Chisnall, 1985). Every safety system can fail and the
chosen technique should fit the context. Electing to lower only on single pitch routes and
rappel only on multi-pitch routes is a rote rule that ignores the requirements and
limitations of each situation. There are circumstances in which lowering may be necessary
on a multi-pitch climb - during pendulums and tension traverses for example. There are
situations when lowering on single-pitch sport routes may not be advantageous and might
even be dangerous, as will be discussed.

There are six basic methods of clearing anchors and descending from one-pitch sport
routes: 1) Walk Off; 2) Open-Anchor Lowering; 3) Closed-Anchor Lowering: Loop-Feed
Method; 4) Closed-Anchor Lowering: End-Feed Method; 5) Double-Line Rappel: Personal
Prusik and Extended Non-Assisted-Braking Device; 6) Single-Line Rope-Retrieval Rappel:
Assisted-Braking Device. Each method has variations, so this discussion will be very
general.

The walk-off method is more appropriate to trad routes but it is dangerous or even
impossible to perform on most modern sport routes because the top anchors may be
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located well below easier terrain. This is particularly true when leading or top-roping the
first pitch of a multi-pitch route. Even on one-pitch sport routes, the top may be
inaccessible from the anchors, and the anchors may be inaccessible from the top. Lowering
by using the open-anchor method is simple and quick, if the proper anchor hardware is in
place. At the end of a climb, the leader clips rated station anchors, stainless-steel
carabiners, mussy or anchor hooks, or similar hardware. The climber then lowers and pulls
the rope. Similarly, the top-rope climber transfers to the fixed gear, removes the temporary
anchor setup, lowers off and pulls the rope. (Climbers should not top-rope off fixed anchors
to reduce wear.) No personal equipment is left behind. These two techniques will not be
included in this comparison. However, a few relevant issues concerning open-anchor
systems will be mentioned throughout this discussion.

Closed-anchor methods require the rope to be fed through solid rings such as quick links,
chains, rappel rings, lap links, and so forth — hardware that cannot be opened. (See Figures
1 through 4 for examples of closed anchors.) This equipment should be appropriate for
anchoring purposes, and ideally CEN rated (Godino, 2018; Marcus, 2023).

Figure 1. Glue-in bolts. Figure 2. Expansion bolts with rappel hangers.
The loop-feed method will work only if the anchor hardware is large enough to
accommodate a bight of rope. Large quick links and steel rappel rings are usually suitable
for this method. When the anchor gear is too small - as with chains, rappel hangers or
compact quick links, and hammer-shuts or lap links - the end-feed method must be
employed to reeve the line.
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Figure 3. Expansion bolts with paired quick Figure 4. Expansion bolts with quick links and
links. steel rappel rings.

Rappelling using a non-assisted-braking device with a backup - such as the Prusik,
Klemheist or Autoblock - requires attachment to both sides of a doubled rope for the
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climber to descend safely. The line has to be halved at the anchor point and both ends must
reach the ground. The single-line rope-retrieval rappel allows the climber to descend on
one half of the rope using an assisted-braking device. (The multi-pitch technique known as
Reepschnur - meaning cord in German - requires a length of accessory cord or a second
rope to be joined to the rappel line, thus allowing the climber to rappel a full rope length
during multi-pitch descents. Although similar to the rope-retrieval method, this multi-pitch
single-line variation will not be examined). Rappelling methods also require an end of the
rope to be fed through closed-anchor hardware.

Basic Closed-Anchor Strategies - Lowering and Rappelling

The following sequences apply to a one-pitch situation using paired bolt anchors. The goal
is to descend safely after retrieving personal anchoring equipment, and then pull the rope
down. Top-rope climbers usually call for tension to initiate the conversion process. In a
lead situation, the climber clips the rope to the top anchor using a quickdraw, and then
attaches their harness to the anchor using a leash or personal anchoring system (PAS),
ideally maintaining two connections at all times. It will be assumed that the anchors are
fully weighted during the entire conversion process. The fundamental steps for these
methods are listed sequentially. Each technique has variations, depending on certain
system details and the gear employed. Nevertheless, there are three overarching safety
rules. The climber must communicate clearly with the belayer, the climber must stay
attached to the system, and the rope should be secure at all times. It is important to remain
organized in order to avoid carabiner congestion and possible entrapment. Having too
many unsecured pieces of equipment in hand during transfers should be avoided to help
prevent accidentally dropping needed items.

Lowering - Loop-Feed Method

1. Stay on belay and communicate.

2. Clip in to the anchor, check and hang. (One attachment point is usually sufficient because
the climber remains on belay.)

3.Feed a bight of rope through the permanent anchor hardware. (Ask for slack as needed.)
4. Tie a Figure Eight Loop in that bight.

5. Clip the Figure Eight Loop to the harness and double check. (A proper partner check is
not possible. Two locking carabiners are recommended.)

6. Untie and pull the end through the permanent anchor hardware.

7. Communicate to tension the belay, then move up slightly to unweight attachments.

8. Unclip and remove all temporary anchoring equipment.

9. Communicate to lower, lower, and retrieve the rope.

Lowering - End-Feed Method

1. Stay on belay and communicate.

2. Clip in to the anchor, check and hang. (One attachment point is usually sufficient because
the climber remains on belay.)

3. Tie a Figure Eight Loop in the belay line between the harness and the temporary anchor
hardware, leaving enough rope for steps 5 and 6. (Ask for slack as needed.)

4. Clip that loop to the harness and double check. (A proper partner check is not possible.
Two locking carabiners are recommended.)

5. Untie and feed the end of the rope through the permanent anchor hardware.

6. Retie the end of the rope to the harness and double check. (Again, a proper partner check
is not possible.)

7. Unclip from the Figure Eight Loop and untie it.

8. Communicate to tension the belay, then move up slightly to unweight attachments.

9. Unclip and remove all temporary anchoring equipment.
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10. Communicate to lower, lower, and retrieve the rope.

S :
5

Figure 5. Lowering — Loop-Feed Method: Figure 6. Lowering — End-Feed Method:
For simplicity, the personal anchoring system  For simplicity, the personal anchoring system

(PAS) is omitted in the photograph. The (PAS) is omitted in the photograph. The
green sling to the right represents either a green sling to the right represents either a
quick draw for leaders, ora top-rope setup. quick draw for leaders, or atop-rope setup. A

The loop is fed through the anchor, a Figure Figure Eight is tied and clipped to the harness.

Eight Loop is tied and clipped to the harness,  The original harness tie-in is removed, the end

and the original harness tie-in is removed. is fed through the anchor and it is then retied

to the harness.

Rappelling - Double-Line Method (Prusik and Extended Non-Assisted-Braking Device)
1. Stay on belay and communicate.
2. Clip in to the anchor, double check and hang. (A proper partner check is not possible.
Two attachment points are recommended because the climber will be off belay.)
3. Communicate to discontinue the belay.
4. Pull up the rope to find the middle.
5. Tie a Figure Eight Loop in the middle of the rope.
6. Clip thatloop to the anchor. (Do not clip it to a harness gear loop, which could fail by way
of a shock-load if one or both halves of the rope were dropped.)
7. Feed one end through the permanent anchor hardware.
8. Ensure than both ends touch the ground. (Tie stopper knots in the rope ends if there is
any danger of rappelling off the ends.)
9. Tie a Prusik Knot/Hitch around both arms of the hanging rope.
10. Clip the Prusik Knot/Hitch directly to the harness rappel/belay loop.
11. Pull up some slack above the Prusik.
12. Attach the rappel device to both rope arms above the Prusik and clip it to a leash
extension.
(A leash can be a Daisy Chain, Chain Reactor, Purcell Prusik or equivalent. Reeving both
rope bights while the device is attached reduces the chances of dropping it.)
13. Take up slack and transfer weight to the rappel setup, then lock the Prusik.
14. Bounce check to ensure that the spacing and setup are correct. (Once again, a proper
partner check is not possible.)
15. Unclip the harness attachments from the anchor.
16. Remove all temporary anchoring equipment.
17. Rappel and retrieve the rope.
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Rappelling - Single-Line Rope-Retrieval Method (Assisted-Braking Device)

1. Stay on belay and communicate.

2. Clip in to the anchor, double check and hang. (A proper partner check is not possible.
Two attachment points are recommended because the climber will be off belay.)

3. Communicate to discontinue the belay.

4. Pull up the rope to find the middle.

5. Tie a Figure Eight Loop or an equivalent loop knot in the middle of the rope. (Multi-pitch
situations often require the Reepschnur technique, necessitating a second rope or length
of accessory cord.)

6. Clip thatloop to the anchor. (Do not clip it to a harness gear loop, which could fail by way
of a shock-load if one or both halves of the rope were dropped.)

7. Feed one end through the permanent anchor hardware.

8. Ensure than both ends touch the ground. (Tie a stopper knot in the rappel side of the
rope if there is any danger of rappelling off that end.)

9. Clip the Figure Eight Loop to the rope arm on the opposite side of the anchor. (Two
locking carabiners are recommended. Some climbers elect to use one or no carabiners,
relying on the bulk of the loop knot alone to provide security by jamming against the
anchor hardware. Occasionally this has led to system failure when knots tied in thinner
ropes squeezed through larger diameter anchor hardware.)

10. Ensure that the Figure Eight Loop will not squeeze through the anchor hardware or
jam. (This could prevent rope retrieval.)

11. Attach the assisted-braking rappel device to the rappel side of the rope and double
check the entire setup. (The Figure Eight Loop is clipped to the rappel side of the line. A
proper partner check is not possible.)

13. Take up slack and transfer your weight to the rappel setup.

14. Bounce check the setup to ensure the correct side of the rope has been loaded. (Again,
a partner check is not possible.)

15. Unclip harness attachments from the anchor. (Tie a backup knot to secure the rappel
device if hands-free actions are required.)

16. Remove all temporary anchoring equipment. (Remove the backup knot if present.)

17. Rappel and retrieve the rope.
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Figure 8. Rappelling — Single-Line Rope-
Retrieval Method: The rope was fed through
closed anchor system until the halfway the closed anchor system until the halfiway point
point reached the anchors. The Prusik reached the anchors The load-bearing side of
Knot is positioned below the rappel device  the rope is secured with a Figure Eight Loop
and it is attached directly to the hamess. and a locking carabiner. Anassisted-braking
The rappel device is attached © an device secures the hamess to the load-bearing
extension and it is positioned above the side of the rope.

Prusik Knot.

Fﬁure 7. Rappelling — Double-Line
Method: The rope was fed through the

Comparing Lowering to Rappelling
A brief comparison of lowering and rappelling appears in Table 1, and a detailed discussion
follows. The presentation order does not imply a hierarchy of prioritization, and some

categories overlap:

Table 1. Lowering and rappelling conversion issues using closed-anchor systems.

Some Key Details to Consider Lowering Rappelling
1. Gear Needed Less More

2. Number of Conversion Steps Less More

3. Potential for Task Complexity Error Less More

4. Potential for Task Complacency Error | More Less

5. Force on the Anchor 160% 100%

6. Wear on the Anchor Higher Lower

7. Rope Damage and Degradation Higher Lower

8. Rope Entanglement Potential Higher Lower

9. Rope Detachment Potential Not Possible Not Possible
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10. Force on Rope Arms 100% 50% or 100%
11. Possibility of Entrapment Yes Yes
12. Possibility of the Dropping Rope Yes Yes
13. Possibility of Climber Detachment Yes Yes
14. Feasibility of Partner and Self Rescue | Yes Yes

1. Gear Needed - A climber typically needs a leash or a quickdraw and one or two locking
carabiners to lower. When rappelling on a doubled line, the climber usually needs one
Prusik cord, a leash or personal anchoring system (PAS) of some kind, and two or three
locking carabiners in addition to the rappel device. Alternatively, the climber may opt to
rappel using the single-line rope-retrieval method, which requires at least two lockers and
an assisted-braking device. Note that carabiner manufacturers recommend two locking
carabiners rather than one when attaching the harness to the belay line. (See Petzl® 2006
and 2017 for example.) Open-anchor lowers require no extra gear, other than when
converting from top-roping.

2. Number of Conversion Steps - The number of steps required to convert from climbing
to descending can be broken down in various ways using gross ergonomic steps,
topological movement primitives or cognitive sequencing (Chisnall, 2020; Jenkins &
Matari¢, 2002; Vihn, etal,, 2017). Very roughly, a lowering conversion takes approximately
nine or 10 steps. Conversion to rappelling requires around 17 steps. Experienced climbers
have been timed while performing conversions in various ways. For an able and
experienced climber, both lowering and rappelling conversions require about 30 to 60
seconds to execute, excluding one phase of the rappel conversion. It takes additional time
to feed halfthe rope through the anchors when preparing to rappel. Rappelling conversions
take longer primarily for that reason. There are specific precautions climbers can adopt to
lower the risk of mishap during conversions and descending, whether they elect to lower
or rappel (Ciavaldini & Pearson, 2019; Climbing, 2013; Ellison, 2013; Hess, 2012; Poborsky,
2013, 2023; Richard, 2022; Squier, 2022). Those safeguards were briefly summarized
previously in the conversion sequences. Open-anchor procedures have fewer conversion
steps and a lower potential for error (American Safe Climbing Association, no date cited).

3. Potential for Task Complexity Error - Intuitively, a procedure requiring more gear and
more steps should have a higher error potential. Research indicates that, in general, error
frequency can increase with task complexity. However, this has not been directly tested
empirically with regard to lowering and rappelling conversions, although there are
anecdotal accounts of conversion inefficiencies and mistakes prior to rappelling.
Additionally, there are two basic lowering conversion methods based on how the rope is
inserted into the fixed anchors, as described previously. This may cause confusion and
contribute to potential errors. In contrast, there is one basic method of reeving a rappel
line. Research focussing on task complexity, error potential and associated issues can be
found in the psychology and related literature. (Cheyne, et al.,, 2009; Globerson, et al., 1989;
Maynard & Hakel, 1997; Nembhard & Osothsilp, 2002; Reason, 1990).

4. Potential for Task Complacency Error - Similarly, complacency and decreased focus
may occur with simple but repetitive sequential tasks. Again, this has not been directly
tested empirically for lowering and rappelling conversions, but there have been anecdotal
accounts of errors resulting from inattentiveness. The literature contains research
pertaining to distraction and mitigation of focus (Cheyne, et al.,, 2009; Globerson, et al,,
1989; Maynard & Hakel, 1997; Nembhard & Osothsilp, 2002; Reason, 1990). With regard
to open-anchor systems, there have been anecdotal reports of leaders clipping mussy
hooks and similar hardware incorrectly, thus adding unnecessary wraps and twists.
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Accidents in North American Climbing reports about twice as many rappelling accidents as
lowering accidents in all climbing disciplines (Takeda, 2023, pp. 124-125). The immediate
causes for those events were listed generally as rappel failure/error and lowering error.
The contributing causes were listed as: inadequate belay, inadequate backup, rope too
short, and a few other factors. Conversion errors were not specifically cited. Further, the
information in the ANAC data base cannot provide accurate probabilities. Accidents are
under-reported and potentially informative close calls are rarely documented. Another
source (Caroom, 2022) drew on ANAC data and parsed it in more detail. The analysis
indicated that the incidence of lowering accidents was higher than the frequency of rappel
accidents in sport climbing. Insufficient data were provided to discern any statistical
significance.

5. Force on the Anchor - When rappelling, the force generated is split between the two
arms of a doubled rope. When lowering, the force on the anchors is 160% as a result of the
inherent pulley effect and friction or resistance factor (Chisnall, 1985; Filion, 1979). Wexler
(1950) and Filion (1979) indicate that the minimum force on an anchor can be at least
twice the climber’s weight at the moment of load transfer, and even higher during rapid
deceleration. Baillie (1982) measured maximum rappel forces on anchors and found them
to be around 800 Ibf. (about 364 kgf. or 3,56 kN.), which suggests lowering forces on the
anchors could increase to as high as 1.300 1bf. (about 589 kgf. or 5,78 kN.) during sudden
stops owing to the system pulley effect mentioned. (See Item 10.)

6. Wear on the Anchor - Anchoring hardware is not created equal. Stainless steel rappel
rings with a tensile breaking strength of 50 kN. are durable for lowering, but they will need
regular replacement as they get worn. Other anchors wear more quickly, especially light-
weight aluminum rappel rings. Some climbing areas are dirty and the rope picks up
abrasive sand that acts like a file on metal. A moving weighted rope will wear anchor metal
faster than an immovable rope or an unweighted moving rope, depending on retrieval drag.
(Similarly, rappel devices also wear with substantial use.) This is one of the major issues
that quickly decreases the life of permanent anchor hardware and generates sharp-edged
notches in anchor gear (Gergich, 2017b). Another tangential issue is worth mentioning, one
that is particularly relevant to open-anchor systems as well as closed-anchor situations.
Some anchor stations may have aluminium alloy carabiners or similar hardware. Research
indicates that as little as one or two millimetres of notching in aluminium alloy carabiners,
or similar damage, can decrease their potential failure loads to below their initial yield
loads (Blair, et al.,, 2005; Bressan, 2002; European Standard EN892, 1996; Feryok, 2018;
Schambron & Uggowitzer, 2009).

7. Rope Damage and Degradation - This is another key concern. Both lowering and
rappelling contribute to rope degradation. Aside from visible damage and obvious
mechanical wear, a rope’s elasticity and energy-absorbing properties decrease with use.
Research has shown that repeated top-rope lowering cycles substantially decrease rope
life. In particular, dynamic safety factor, working capacity over an edge and stress
hysteresis recovery decrease as load cycles increase (Bedogni & Manes, 2011; Black
Diamond®, 2016; Cordage Institute, 1991, 2015; DiMartino & Sandwith, 2009;
Harutyunyan, et al., 2016; McLaren, 2006; Microys, 1977, 1998; Emri, et al., 2008; Paul,
1983; Pavier, 1998; Schubert, 2000; Sedlacek et al., 2021; Smith, 2005; Vogel & Bocksch,
1996). These are vital rope characteristics for leaders. Of particular note is the quality of
those lowering cycles: how much load is involved, the speed of lowering and the number
of bends and contact points the rope is exposed to each time. Further, lowering puts all the
load on a single rope. (Unreported tests were performed in 1996 on multiple gym top-
ropes that had been subjected to about 1.000 lowers each over a six-month period. The
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tensile breaking strength of the ends and middles was measured. The middles always
tested weaker than the ends.) Conversely, when the climber rappels, the rope does not
move. The rappel device moves relative to the rope, and each rope arm sustains half the
load in double-rope rappels. Hence, there is decreased wear intensity, unless the rappeller
swings sideways, thereby subjecting the loaded rope arms to localized abrasion. Several
related details will be covered in Items 8, 9 and 10 to follow.

Certain anchor configurations (attachment-point separation and unnecessary changes of
rope direction) can cause the rope to flatten, twist and kink, and the inner strands may
hockle causing permanent rope damage, which could then contribute to potential jamming.
(See Item 8 to follow.) The most critical issue is the damage potential from anchor notching.
Sharp edges have shredded sheaths and cut ropes. In particular, if there is potential for the
rope to off-track from anchor hardware notches as the gear shifts under load, if the
notching is irregular and multiple, and if the rope diameter exceeds the diameter of those
notches, the potential for severe rope damage exists.

8. Rope Entanglement Potential - As mentioned above, some anchor configurations can
cause rope deformation and damage as the rope feeds through hardware (Black
Diamond®, 2016). Such setups as well as climber error can cause rope jams (Kirkpatrick,
2022). The biggest culprit appears to be separated bolt hangers equipped with a single
quick link each. Those quick links usually rest flat against the rock and the rope essentially
takes four chiral 90-degree bends through those links. Retrieving the rope can be
challenging or impossible, and the overall configuration could severely kink and wear the
rope. Pairs of quick links on each bolt hanger are better. The lower quick links are
orthogonal to the rock and the rope takes only two 90-degree bends through the gear.
However, even this can cause problems. A pair of anchors that are separated tend to cause
twisting and kinking as the rope moves through those attachment points, especially with
chains and small quick links. Even with open-anchor systems there have been reports of
entrapment when leaders clipped hardware incorrectly, creating extra friction and pinch
points.

To avoid these problems, redundant anchor systems ideally should come to a centralized
V configuration or even a single link. (Then there are redundancy issues, but that is not the
focus here.) The diameter of a single centralized master point of attachment (MPA) or
power point is important. The thinner the diameter of the single MPA, the likelihood of
rope deformation and wear increases. Flattening and sheath shifting may occur as the rope
moves through a small-diameter MPA. The degree of wear usually depends on whether the
rope is loaded or not. Rope twisting and deformation relate to the next item.

9. Rope Detachment Potential - When a rope twists or kinks, it has an increased likelihood
of detaching from open-anchor systems as it moves. This has been reported anecdotally.
With closed anchor systems, kinking and rope entanglement can cause the rope to jam
against the anchor point during rope retrieval, but not detach.

10. Force on Rope Arms - As mentioned earlier, the force exerted on a doubled rappel line
is shared by the two arms of the line. The full force is applied to a single line during lowering
and single-line rappels. Hence, a doubled rope experiences less potential wear during a
rappel compared to a single line moving through a belay device or top anchors - as well as
moving over rock protrusions and through draws, if they are present. (Note that clearing
sport draws while rappelling or lowering is another area requiring careful attention to
details and technique.)
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11. Possibility of Entrapment - Anecdotal reports indicate entrapment is possible during
either type of conversion. Likelihoods are unknown. A climber’s inexperience may be a
major factor in this type of scenario, as well as those described in Items 12 and 13 to follow.

12. Possibility of Dropping the Rope - After failing to secure the line during conversion,
climbers have dropped the rope during change-overs to both rappelling and lowering.
Again, likelihoods are unknown.

13. Possibility of Climber Detachment - There is potential for the climber to become
accidentally detached during either type of conversion. The likelihoods are unknown.

14. Feasibility of Partner and Self Rescue - Depending on the situation - whether the
rope has been dropped or how the climber may be trapped - self and partner rescues are
possible with lesser or greater degrees of difficulty and risk. It would take many pages to
discuss the procedures for most general situations. Aside from risk management via
prevention, crisis management requires that both the climber and belayer have the skill,
experience and equipment to carry out any necessary emergency intervention.
Conclusions
Therefore, based on the above details, it is recommended that lowers be avoided under
these very broad conditions:
. The anchor hardware is notched, especially with sharp edges and irregular

patterns.

Anchor integrity and strength are suspect owing to damage and age.

The attachment points are separated, or the fixed gear is inappropriate for

lowering.

The anchor hardware has narrow-diameter attachment points.

Local practices and ethics require rappelling.

Lowering is better suited when:
. The anchors and hardware are appropriate, sound and undamaged, and the setup
is ideal.
Speed and efficiency are critical.
Personal gear is limited.
The climber’s experience is limited.
Local practices and ethics require lowering.

Since circumstances are not always black and white, some of these requirements may often
conflict. Therefore, informed judgment and common sense come into play when selecting
the appropriate technique. Prioritizing each of the analyzed factors according to different
situations is a beneficial exercise. The following key questions can aid in that process:

What conditions might lead to immediate and catastrophic system failure?

What situations might contribute to entrapment or rope jams?

Which issues could be critical to equipment integrity and longevity?

Which factors address efficiency and convenience?

Critical decision-making under many circumstances is onerous and fraught with risk,
especially when there are multiple details to consider and information is limited. When it
comes to risk and crisis management in rock climbing and related fields, cognitive bias,
data noise and misinformation abound (Kahneman, 2011; Kahneman, et al, 2021;
Ellenberg, 2014). Climbers must consider every relevant issue carefully, practice under
controlled conditions, and act prudently at all times.

80



Chisnall, R, International Journal of Mountaineering and Climbing, 2023, 6(2), 69-84

References

American Safe Climbing Association (ASCA). (No date cited). ASCA New anchor guidelines.
Retrieved November 18, 2023, from
https://safeclimbing.org/new-anchor-guidelines.

Baillie, R. (1982). Forces generated in a rappel. Explore Magazine Technical Series, 13.

Bedogni, V., & Manes, A. (2011). Constitutive equation for the behaviour of a
mountaineering rope under stretching during a climber’s fall. Proceedings of the
11t International Conference on the Mechanical Behaviour of Materials (ICM11),
Procedia Engineering, 10, 3353-3358. https://d0i:10.1016/j.proeng.2011.04.553.

Blackshaw, A. (1965). Mountaineering: From hill walking to alpine climbing.
Harmondsworth, Middlesex, England: Penguin Books, Ltd.

Black Diamond®. (2016, September 7). QC lab: Retiring old ropes. Retrieved November 18,
2023, from https://www.blackdiamondequipmnt.coméen_CA/qc-lab-retiring-
old-ropes.html.

Blair, K.B,, Custer, D.R.,Graham, ].M., & Okal., M.H. (2005). Analysis of fatigue failure in D-
shaped carabiners. Sports Engineering, 8: 107-113.

Bressan, G. (2002). Rope wear in climbing and in laboratory: Decay in dynamic
performance of ropes due to wear. Commission for Materials and Techniques,
[talian Alpine Club. Retrieved November 18, 2023, from
Personal.strath.ac.uk/andrew.mclaren/Turin2002 /CD%Z20congresso/ROPES%?2
OWEAR%20.pdf.

Caroom, E. (2022). An investigative report: 30 years of climbing accident data. Rock & Ice,
265, 54-58.

Casewit, CW., & Pownall, D. (1968). The mountaineering handbook: An invitation to
climbing. New York: ].B. Lippincott Company.

Cheyne, J.A,, Solman, G.J.F., Carriere, ].S.A,, & Smilek, D. (2009). Anatomy of an error: A
bidirectional state model of task engagement/disengagement and attention-
related errors. Cognition, 111(1), 98-113.

Chisnall, R, ( Ed.). (1985). The 0.R.C.A. rock climbing safety manual, Ontario, Canada: The
Ontario Rock Climbing Association, Ministry of Tourism and Recreation.

Chisnall, R.C. (2020). Analysing knots and ligatures: Tying principles, knot characteristics
and structural changes. Forensic Science International, 313, 110272.
https://doi.org/10.1016/j.forsciint.2020.110272.

Ciavaldini, C., & Pearson, J. (2019). Safe and sensible: Lowering off sport climbs. Climber
Magazine. Retrieved November 18, 2023 from
https://www.climber.co.uk/training-how-to/safe-and-sensible-lowering-off-
sport-climbs/.

Climbing. (2013, July 28). Know the ropes: Prevent lowering accidents. Climbing.
Retrieved November 18, 2023, from https://www.climbing.com/news/know-
the-ropes-prevent-lowering-accidents/.

Cordage Institute. (1991). Tech notes - elongation. Cordage News. Sept./Oct 1991.

Cordage Institute. (2015). Cordage Institute Guideline CI 1401-15. Recommended safety
practices for use of fiber rope. October 2015.

DiMartino, T.J], & Sandwith, C.J. (2009). Proper care, maintenance, and inspection of
climbing ropes to reduce degradation and help determine when to retire them.
OCEANS 2009, 1-8. https://d0i:10.23919/0CEANS.2009.5422306.

Ellenberg, J. (2014). How not to be wrong : The power of mathematical thinking.

United States of America: Penguin Books.

Ellison, J. (2013). How to Rappel. Climbing 319: 64.

Emri, I, Nikonov, A., Udov¢, Zupanci¢, Flojanci¢, von Bernstorff, B.S., & Burnik, S. (2008).
Time-dependent behavior of ropes under impact loading: A dynamic analysis.

81



Chisnall, R, International Journal of Mountaineering and Climbing, 2023, 6(2), 69-84

Sports Technology, 1, 4-5, 208-219.
https://doi:10.1080/19346182.2008.9648475.

European Standard EN 892: October 1996 E (British Standard BS EN 892: 1997),
Mountaineering equipment - Dynamic mountaineering ropes - Safety
requirements and test methods.

Felix. (2014, August 19). Lowering off from anchors vs. rappelling after a climb? The
Great Outdoors Stack Exchange. Retrieved November 18, 2023, from
https://outdoors.stackexchange.com/questions/6483 /lowering-off-from-
anchors-vs-rappelling-after-a-climb.

Ferber, P., (Ed.). (1974). Mountaineering: Freedom of the hills, Third Edition. Seattle,
Washington: The Mountaineers.

Feryok, Z. (2018). Fatigue life in damaged carabiners. ITRS presentation. Retrieved
November 18, 2023, from https://itrsonline.org/papers/tproduct/294801796-
399946666171-fatigue-life-in-damaged-carabiners.

Filion, Jean-Marc. (1979). Belaying theory - An update. Corbeil, Ontario, Canada: A Chevres
de Montagne Publication.

Gergich, L., LarryGergich. (2017a). Question regarding rappelling vs. lowering. Reddit.
Retrieved November 18, 2023, from
https://www.reddit.com/r/climbing/comments/70z0nj/question_regarding_ra
ppelling vs_lowering/?rdt=36919.

Gergich, L., LarryGergich. (2017b). Don't lower through rap rings (Smith Rock). Reddit.
Retrieved November 18, 2023, from
https://www.reddit.com/r/climbing/comments/7kn8h1/dont_lower_through_r
ap_rings_smith_rock/.

Globerson, S., Levin, N., & Shtub, A. (1989). The impacts of breaks on forgetting when
performing a repetitive task. IIE Transactions, 21(4), 376-381.

Godino, J. (2018, November 17). Alpine tips. Rappel hardware pros and cons. Alpine Savvy.
Retrieved November 18, 2023, from https://www.alpinesavvy.com/blog/rappel-
hardware-pros-and-cons.

Harutyunyan, D., Milton, G.W., Dick, T.]., & Boyer, ]. (2016) On ideal dynamic climbing ropes.
Proceedings of the Institution of Mechanical Engineers Part P: Journal of Sports
Engineering and Technology. 2017; 231(2),136-143.
https://doi.org/10.1177/1754337116653539

Hess, R. (2012). Know the ropes: Rappelling. Fundamentals to save your life. The
American Alpine Club. Retrieved November 18, 2023, from
https://publications.americanalpineclub.org/articles/13201200200/Know-the-
Ropes-Rappelling.

Jenkins, 0.C., & Matari¢, M.]. (2002). Deriving action and behavior primitives from human
motion data. Proceedings of 2002 IEEE/RS] International Conference on
Intelligent Robots and Systems (IROS), (2002) 2552-2556,
https://doi:10.1109/IRDS.2002.1041654.

Johnson, B. (2011, September 8). Lowering vs rappelling. Mountain Project. Retrieved
November 18, 2023, from
https://www.mountainproject.com/forum/topic/107279145 /lowering-vs-
rappelling.

JRZane. (2017). Question regarding rappelling vs. lowering. Reddit. Retrieved November
18, 2023, from
https://www.reddit.com/r/climbing/comments/70z0nj/question_regarding ra
ppelling_vs_lowering/?rdt=36919.

Kahneman, D. (2011). Thinking, fast and slow. Doubleday Canada.

Kahneman, D., Sibony, O., & Sunstein C.R. (2021). Noise: A flaw in human judgment. Boston,
MA: Little Brown and Company.

82



Chisnall, R, International Journal of Mountaineering and Climbing, 2023, 6(2), 69-84

Kennedy, L. (2020, March 4). Rappelling vs lowering: A semi-scientific study (First
published 11/8/15, updated 3/4/20). Retrieved November 18, 2023, from
https://leelkennedy.com/rappelling-vs-lowering/.

Kirkpatrick, A. (2022, July 12). Stuck rappel ropes are dangerous—Here’s how to prevent
them. Climbing. Retrieved November 18, 2023, from
https://www.climbing.com/skills/how-to-prevent-stuck-rappel-ropes/.
(Originally published in Climbing, 2014, 327, 46-47.)

Loughman, M. (1981). Learning to rock climb. San Francisco, California: Sierra Club Books.

Marcus. (2023). Using rappel rings: Everything you need to know. Ascentionism. Retrieved
November 18, 2023, from https://ascentionism.com/using-rappel-rings-
everything-you-need-to-know/

Martin, T. (1987). Rappelling, Edition II. Sterling, Kentucky: Search.

Maynard, D.C., & Hakel, M.D. (1997). Effects of objective and subjective task complexity on
performance. Human Performance, 10(4), 303-330.

McLaren, A.J. (2006). Design and performance of ropes for climbing and sailing. Proc.
[MechE Vol. 220 Part L: ]. Materials and  Applications.
https://doi:10.1243/14644207]MDA?75.

Microys, H.F. (1977). Climbing ropes, Am. Alpine |., 21, 130-147.

Microys, H. (1998). News from the safety committee: Findings on ropes. The Gazette,
Autumn 1998, 9.

Nembhard, D.A.,, & Osothsilp, N. (2002). Task complexity effect on between-individual
leaning/forgetting ability. International J. of Industrial Economics, 29(5), 297-306.

Obsidian. (2017). Question regarding rappelling vs. lowering. Reddit. Retrieved
November 18, 2023, from
https://www.reddit.com/r/climbing/comments/70z0nj/question_regarding_ra
ppelling vs_lowering/?rdt=36919.

Poborsky, M. (2013). Know the ropes: Lowering. Fundamentals to save your life. The
American Alpine Club. Retrieved November 18, 2023, from
http://publications.americanalpineclub.org/articles/13201212427 /Know-the-
Ropes-Lowering. (Originally published in the 2013 edition of Accidents in North
American Climbing, Vol. 10, 66(3), 8-18.)

Paul, W. (1983). Determining rope safety. Response! Spring 198, 9-13.

Pavier, M.J. (1998). Failure of climbing ropes resulting from multiple leader falls,
Proceedings of the 2 International Conference on the Engineering of Sport (Ed.
S.J. Haake), pp. 271 - 279.

PetzI®. (2006). Carabiner use and misuse. Rock & Ice, 153, 102.

PetzIl®. (2017). Examples of dangerous carabiner loading. Retrieved November 18, 2023,
from https://www.petzl.com/CA/en/Professional/Examples-of-dangerous-
carabiner-loading-.

Reason, ]. (1990). Human error. New York: Cambridge University Press.

Richard, J. (2022, March 25). Know the ropes: The low down on lowering. Vertical
Voyages®. Retrieved November 18, 2023, from
https://verticalvoyages.com/climbing/know-the-ropes-the-low-down-on-
lowering/.

Schambron, T., & Uggowitzer, P.]J. (2009). Effects of wear on static and dynamic failure
loads of aluminum-based alloy climbing carabiners. Sports Engineering, 11, 85-
91. https://doi.org/10.1007 /s12283-008-0010-3.

Schubert, P. (2000). About ageing of climbing ropes. Mountaineering + Climbing: The
Journal of the UIAA, 2000, 3: 12-13.

Sedlacek, D., Roso, M,, Viel, L., Perotto, N., Caven, B., Hasler, M., & Nachbauer, W. (2021).
Ageing of climbing ropes with and without hydrophobic coating. Proceedings of

83



Chisnall, R, International Journal of Mountaineering and Climbing, 2023, 6(2), 69-84

the Institution of Mechanical Engineers, Part P: Journal of Sports Engineering and
Technology. https://doi.org/10.1177/17543371211062816.

Shepherd, N. (2002). The complete guide to rope techniques: A comprehensive handbook
for climbers. Guilford, CT: A Falcon Guide, Morris Book Publishing, LLC.

Smith, M. (2005). An assessment of the effects of environmental conditions on dynamic
climbing ropes. Final Year Thesis, University of Strathclyde, Glasgow.

Squier, J. (2022, June 13). Don't die rappelling off the rope ends: Use this easy closed
system instead. Climbing. Retrieved November 18, 2023, from
https://www.climbing.com/skills/rappel-eliminate-deaths-rope-safety-
technique-closed-system/.

Takeda, P, (Ed.). (2023). Data tables. Accidents in North American Climbing. Vol. 12, 75(4),

122-127.
Thomas, G. (2019, January 30). The low down on lowering off when climbing. Retrieved
November 18, 2023 from

https://theoudooreducationblog.com/category/uncategorized.

UIAA - Petzl® Foundation. (2013). Alpine skills: Summer. Canada: McCallum Printing
Group Inc.

Vihn, T.V,, Tomizawa, T., Kudoh, S., & Suehiro, T. (2017). Knotting task execution based a
hand-rope relation. Advanced Robotics, 31(11), 570-579,
https://doi.org/10.1080/01691864.2017.1289119.

Vogel, W, & Bocksch, F. (1996). Safety loss of mountaineering ropes by lowering cycles in
toprope climbing” Institute of Mechanical Handling, University of Stuttgart,
Presented at the conference on Nylon and Ropes, Turin, March 8-9, 2002.
EUROSEIL, Deutsche Seilerzeitung, 1996, #3. (Also published in: Deutsche
Seilerzeitung, 2-190.)

Wexler, A. (1950). The theory of belaying. Am. Alpine J., 7(4), 379-405

Wilkinson, F. (2019, April 9). Rock climbing: from ancient practice to Olympic sport.
National Geographic. Retrieved November 18, 2023, from
https://www.nationalgeographic.com/history/article/rock-climbing.

84



