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Natural, improvised, and purpose built high directionalsugesl to manage loads over edges and
throughopenings.They can make otherwise impossible tasks possible.

There are now many proprietary solutiavigh almost limitless configurations that are being used

by rope technicians for access, standby rescue, technical rescue, and load manadjgment.
directionalstake many forms but the most common is the tripbdpods are deceptive because

theywill stand freelyand there is the temptation to assume,thdt i t 6 s ,itshoalchwbik n g up
fine.

Unfortunately, there seems to be an increase in the muhbeidents where these devices are
6falling over d i n si Thasanearmisses ascuapely cepottedbug | i ve |
informal discussions lead me to believe that this is happening at least once every six months
somewhere in the worldThis rate of incident is unacceptable.

These incidents are never the result of equipment failureHigh directionals fall over
because peopléail to understand and anticipate the forces acting on the system.
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The last decade has seen significant focus aodt gifit irto improving the baclend ofrescue
systems. Most organisations now use twin rope systems and are aware of the attention needed to
manage these two ropes through appropriate devices during botimbpared raisng operations.

The fAwaysi beé e nrvdivesaagplying thigeneral rubber stamp to a particular
situation:

Identify the location of the victim.

- Dispatch a first responder to assess the situation below.

- Choose an appropriate place to put the tripod.

- Establish and anchor system

- Sd up the rope based system ready for a two person raise/lower
- Lower a rescue litter and responder using the tripod/rope system

Raise the Attendant/Patient/Litter using the tripod/rope system

It often looks something similar to the following image.

It is now time to shift the focus to the front end and analyse every assumption, component, and
technique to see if we can reduce the both the likelihood and consequence of a high directional
failure.

The following discussion will start at the load and wopgthrough aew key areas:
- The weight of the rescue load
- Load anditter rigging

- Tripods and other Artificial High Directionals (AHDSs)
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Many qerators have become focusedlomneedtoflosa n att endant plus | i tt.
in, andbe placedyentlydown onsafe,stable ground.

1.The Rescue Load

Perhapsve should revisit the reasoning behind defaulting to inclusion oa#tendant in every
operation.

The traditional justifications fancluding alitter attendant are:
- Providing medical assistance to the patient.

- Managing physical obstructions to the path of the litter.

Medical Assistance

Specific medical concerns are valid, however these should be assessed for each
operation. Opportunities fomid-haul treatments like CPR or defibrillation are not realistic.
Perhaps the only interventions requiring direct assistance are intubation avehbikgion.

Litter management

If the litter is freehanging for its entirgourney,then it may not require any gdance. This is
unlikely sonormallyanat t endant wi | | Osteerd the |Iitter pa

There are certainly options other themin-riding/out-riding litter attendant however these are
rarely consideredThese othersinclude:

- avertically mobile agndant on separate ropes

- theuse of tag lines.
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Single person Rescue L oad

| f the attendant can be rteemengfischcludas om t he 6 Resc

A lighter load.

Less strain on all components.

- An easier haul which may then be faster and result in lesgosure to hazards.

Reduced likelihood of AHD instability.

Even if conditions dictate inclusion of an attendant with the load then the benefits of removing
the attendant for edge transitions cannot be igna@ete of the hardest things to monitor is the
potential movement of the net (or resultant) force on the AHD. Moving resultants are most likely
to occur as the load is brought up and over the edge.
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Common practice seems to involve running one rope through theahidbaving the second on

One or two ropes through the AHD?

an adjustable setf-fours. This second rope is normally set low but it can be raised during edge
transitions.

The justification for raising the second rope is based on a critical assessment of comparisons of
the likelihood of eiher AHD failure or human error with rope management at the back end of the
system.
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The assumption has been thatman error is more likely thdripod failure and thus the second

rope is often raised during tleelge transition. If the secongpe is noklevated and there is a

rope managemestror,t hen the | itter can fall across the
over the edge.

With so many tripod o6f a-guestioneds 6, t hi s reasoni ng

It is not necessary to go too far down théh as there is a far safer solution. If the load did
actually require an attached attendant then, as a priority, the attendant should be removed from
the system BEFORE the edge transition. If this hapmerkthe bridle is not excessive, then

there isabsolutely no reason to elevate the second rope.
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If moving a nonlive load, then it becomes difficult to justify the inclusion of a direatiyached
litter attendant.

Non-live loads

Body recoveries are an unfortunate part of rescue work and it is desthibing a method
frequently used in the Blue Mountains of Australia. A fundamental premise with this method is
that this is recovery, not rescue, and that hazard exposure to rescuers must be minimised.

The team dispatches a responder who descendstugingpes. On reaching and assessing the
scene the preferred recovery is performed using a simple tensioned track line established using
the responderds ropes.

Once the recovery is complete, the responder either descends to the cliff base to walk out or
ascends the original ropes.

Summary

It is always important to consider options for lightening the rescue load. Direct attachment of an
attendant to the litter should not be the default response. Having mapleinitssit is still

critical that teamsinderstand and trafior those rare occasions where two person loadare

required.
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Many teams train with tall Artificial High Directionals (AHDsY-his familiarity and comfort
with tall AHDs removes the necessity to focus on efficient rigging and we oftditteeserigged
with bridle heights exceeding 1nhf. minimising AHD height becomes a priorjtthen the
minimum height is in fact dictated by the combined package height of litter, bridle, and
attachment to rope.

2L1 t tiegrgi R g

The Confined Space AHDeeds to be tall engh to facilitate the management of a vertical load
and thus needs a minimum clearance of Zmams often only have access to generic Confined

Space AHDs and thus dondot nroadheghtt | y gi ve much

Litter Bridles

There are many tierent ways to attach a litter to a rope based rescue system and these range
from off-the-shelf clipandgo bridles to custom rigs tied from components during the job.

The picture below shows two common adjustable bridld® total package consists bttlitter,
bridle, and attachment poinOn the left is what is often referred to as an AZBmidle and has
been taught far and wide by Reed Thorfee AZ TriBridle typically results in a compact
package height of 0.65nOn the right is a standardjastable webbing based solution which is
often set with a package height of 1.55Note that these are both adjustable but the shortest
height the webbing bridle and litter package can achieve is 0.85m.

ITRSTripods4alling® @ S NJ @ Ri€hard Delaney, RopeLab, 2015 7

C


http://www.ropelab.com.au/wp-content/uploads/2015/07/VertLift.jpg

ROFPELAB

Note that a shorter bridles mmcrease thept ent i al t o o6f ol dé weaker
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The horizontal component of force pulling the head and foot towards eaclinatieaises with

the internal bridle angleBe sure that your litter is designed to handle such forces if rigging tight
bridles.

The AZTri-Bridle has added flexibility with a sef-foursat the foot end of the litter, which
means the attendant can adjust the litter pitchaopieration.
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Thereare manyways to attach the bridte the rope systemCommon @tions include tying
straight in or using some masfaoint with knots and connector# webbing based bridle
typically uses a master point, while the AZ-Briidle focal point is formed with direct tiein.

Attaching the Rope

A direct tiein saves approximately 200mmbheight, however it is very important that an

appropriate knotisusedVhen a knot is |l oaded in this way i/
| oadingdé, meaning it i s WMaycomgmohlnetbkene i N mul t i
unstable when subjectedriag loading.

Ring loading of bowline knots

The bowline is clearly the most compact knot for the bridle focal pointdbe used in this way
it must be stable when ring loadetiwo possible bowline options here are:

Inside tail Outside tail

Traditionally, we have used tliei nsi de t aith & secutedworkingrerd) féring
around anchors and into the end of a climbing rodas is certainly preferred for such etw
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end loading scenariogdowever, there seems to be a general understanding that outside tail
bowlines do not slip as readily as inside tail bowlines when ring loaded.

RopelLab conducted a series of tests in 2015 asseksibghaviour of several different bowlines
when ring loadedAll these tests were slow pulls to maximum of 20kN on new 11mmirgjerl
HTP rope. Different results may come fno using different ropes amdtesof pull.

From thetests we can make some general observations:

. The single strand, inside tail bowline appearsliwat forces as low as 3kN when ring
loaded. This knot is unstale in this configuration.
The single strand, outside tail bowline appears to be stable when ring loaded.
The double strand bowline appears to be stable when ring loaded whether it is tied in an
outside or inside tail orientation.

Even if stable, all testwere halted at approximately 20kN of applied tension as this value is well
above whashould reasonably be expected during normal use.

Thus, the outside tail bowline appears to be an excellent choice of knot for this applittation.
should be noted thatven if the knot was to slip, the attendant and patient ends would not pull
through the bowline as they are terminated with fignfr& knots.

Many teams use two separate interwoven outside tail bowlines rather than the double strand
single knot. Having wo separate knots gives the advantage of being able to untie one at a time
during transfers, however there is also the possibility that one or both may inadvertently be re
tied as inside tail knotsThe double strand bowline appears to retain ring |caullgy regardless

of tail configuration so it remains my preference for this use.

RoOrPELAB
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It should be restated that inside tail configurations are still preferred fetoaard loading
situations. The common practice of securing the working end of the ralbgward against
slippage if the knot is inadvertently ring loaded.

Summary

The height of AHD in technical rescue work is dictated by the height of the litter and bridle
package.Reducing the height of this package may altbewuse of shorter and more stabl
AHDs.

The reight of litter and bridle can be reduced by choosing a compact sy$terattachment
point is a key consideration and using a direeirtiand can reduce height significantly.

The doublestrand, outsid¢ail bowline is an excellent and appriate choice of knot and, when
combined with the AZTri bridle, results in a package height of 650mifmis in turn means that
AHD height can potentially be reduced to 1m or less.
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3.Trpiods

Confined space tripod = Load Management Solution

Tripods are often used faccess andtandby rescue with confined space operations where a
symmetrical unit is setup over the top of a hdlme of the legs will often incorporate a hauling
mechanism attached to a line which runs up to a pulley atiplogl thead and then down the hole
to an operatorThe head is normally hinged so the feet are hobbled to prevent them
spreading.In this configuration everything is stable and there is no requirement for guy lines or
anchors.

For confined space rescueanagement of the load is criticalhe tripod needs to be high
enough to get a person suspended vertically in a harness up and out of the holetardehus
tripods arenormallymore than & high.

Therefore, a confined space tripstabuld be considerelLOAD MANAGEMENT SOLUTION.
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Technicd rescue tripod = Friction Management Solution

In technical rope rescue applications, a load normally needs to be managed outside the footprint
of the tripod. The footprint isan imaginary perimeter line that can awin connecting all of the

feet. The load may start at the base of a cliff and then, once at the top, be moved inboard and
placed on safe ground.

The term firesultantodo has becomEha MPresulofamnthe
to another imaginary line that represents the net force applied to the heabds a result of all

external connectionsTechnical rescubigh directionals typically hava rope coming up from

the load, through a pulley at the head, and then back to a hawlTé& resultant would then be

along a line which bisects the incoming and outgoingropes. ac hi eve stability
should point to a spot on the ground well within the footprint of the high directional.

The key benefit of the technical regctripod is managing frictionAny time a rope turns 90

degrees over a rock or concrete edge, we have an effective system of mechanical disadvantage of
approximately 1:21 f we are attempting to raise a fAstanc
unmaraged edge friction potentially results in a hauling force of twice the load and an equivalent

of 5.44kN/1,200Ibf.Not only does this mean hard work, but also it shifts us into the realm of

forces in excess of the Safe Working Load of much of our equipment

Thus, a technical rescue tripod should be considered a FRICTION MANAGEMENT
SOLUTION. Any benefit associated with moving a load over an edge is secondary.

If we acknowledge that high directionals for technical rope rescue have the primary task of
reducirg edge frictionthen a high directional need only be high enough to support a pulley just
above an edgeln many cases this may simply be high efficiency, spinning edge rollens
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internationally have long trained in managing loads at cliff edgésowi tripods. It requires
practice and a few people, but it is often the only option in wilderness operations.

Tripod Instability

Confined space and tech rescue high directionals are stable if the resultant remains within the
footprint. The biggesthallenge is to visualise the resultant for the entire operalionay be
well defined for 90% of the task but atmer 10% may include:

9 Pl anned movement of the high directional
frame sideways.

1 Movement otthe load away from the main operational line through tension from an

external rope.

Direct human influence on the path of the load, particularly during edge transitions.

Some other migbperation change in an attempt to alter the path of the load.

Incrememial change in organisational practice without external review.

Introduction of powered winches.

= =/ =A =

It is fine to have a resultant outside the footprint however this must be anticipated and
othercomponents must be introduced to oppose this instabilitys may involve a combination
of tension and compression elements.

ITRSTripods4alling® @ S NJ @ Ri€hard Delaney, RopeLab, 2015 14



Tripod Aresultanto forces

The followingQuestions/images represeint ways that tripodsould be used to raise loads.

RopeLab conducted an online quiz to test understanding of each of these
(http://www.ropelab.com.au/ropelab -quiz-2/). To date there have been about 1,200 respondents
and theoverallaverage score is just below 50% he correct answers are provided after the final
guestion.

Question 1:

Question 2:
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Question 3:

Question 4:
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Question 5:

Question 6:
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Quiz Answers:

Question Correct Online quizcorrectresult
Answer (1,200 responses during 2015)
1 B 7%
2 D 18%
3 C 45%
4 B 86%
5 D 16%
6 C 59%
’}5\

There are a few key observations from these results:
- There is a general awareness of the idea of
- Most people assume the pulley in the head of the tripod definesthis s ul t ant 6.

- There is a dangerous lack of awareness of the change &sdavith frame mounted
winches.
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The height of theAHD

If the edge is sudden, then a high efficiency edge roller is suffichsithe edge becomes more
rounded, the position andigat of the directional needs more careful consideratiare height
means more equipment, more weight, and more effort to achieve stability.

Operators have become focused on floating an
placed down on stéground. This operation typically requiresigAHD which supports a pulley
at least 1.8m above the ground.

We have already shown that the total load height, from litter base to top of attachment knot, can
be as little as 0.65m. We have also discusseoptions for removing the attendant from the
system, or at least removing them for the final edge transition. Shifting these two considerations
to the fore during training and planning then makes it possible to use much shorter AHDs.

Shorter AHDs can be

1 Light and portable.

1 Easierto stabilise.

1 Managea significant amount of edge friction.

T High enough to move a horizontal litter in board easily.

Gin Poles

Careful consideration of the forces acting d@ia Polesystem are required and a minimum of
three guy lines are needed before it will stand Tipis means operators will have to think much
more than they would for a free standing trip@lven the rate that tripods appear to be falling
over, this requiremeror extra thought is not a bad thing. Gin Pole is far less likely to create
the illusion of stability.

More rope will be required to stabilise€zan Polethan a tripod but there are new, lightweight
cordage options available that enable 50m of 6mriNI®rd to be carried in a small bag
weighingonly 1.2kg. This length cord can be used for all anchoring and guying in most
situations. For comparison, 50m of 30kN, 11mm rope typically weighs 5kg.

A short Gin Polewill also force operators to be more efficient with every aspect of the rigging,
particularly the litter bridle.

The following series of images shaewhe possibilities if all of the above issues are considered.
The short Gin Pole weighs 1.2kg T most tripods weigh more than 40kg.
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