A Review of Friction Hitch
Research

O




Impetus...

O

Conversation with Bruce Parker
Need synopsis of data

Not more testing (for prusiks)
He had a point...

| started collecting data...




Need...

O

* Many uses of friction hitches
Ascending
Belays

Personal tethers
Etc.

* Need a meta analysis
Learn what we know

Learn what we do not know...
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Methods

O

* Performed a literature review
Found sources on hitch behavior
Read/watched them
Synthesized data

Drew wider conclusions




Methods

: What Was Included

|dentify hitch(es)
|dentify methods
Slip or failure data

Measurements
Synopsis statistics
Both/Either

Relevant materials




Methods: What Was Included

O

* Undoubtedly data missing!

* Included what | found...

* This is a minimum data set [#

* |f you know of more data...




Disclaimer

Comparing studies
Different methods
Different sample histories
Different measurement capabilities

| acknowledge the problems
Larger trends become visible

Called a meta-analysis

Hedges™ g and 95% Cl

Jaen, et al. (2010
Lobo, et al. (2004) —
Stange, et al. (2003) —

Hogg, et al. (2008a
McBride, et al. (2000

Roetzheim, et al. (2005

Kottke, et al. (1992

Aspy, et al. (2008a
Cockburn, et al. (1992) —
Modell, et al. (1998

Engels, et al. (2006
Aspy, et al. (2008b,

= a
Ei
& Deitrich, et al. (1992

Lobo, et al. (2002

Frijing, et al. (2002

Frijing, et al. (2003

Bryce, et al. (1995

Lemelin, et al. (2001

(
(
(
(
Kinsinger, et al. (1998
(
(
Solberg, et al. (1998
(

Margolis, et al. (2004

Mold, et al. (2008) —

Hogg, et al. (2008b) —

Pooled Estimate —

-1.00

F.




Meta-Analysis Example: ITRS 2015
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Meta-Analysis Example: ITRS 2016
Residual Knot Strengths (R.K.S.)
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Methods: Deliverables

Synopsis figures in the paper

Spreadsheet
Too big to print
Posted on SAR3 page
http://sarrr.weebly.com/



: General

Results

Expected hitches tested

139 sources

Those most used

See paper for details
>1651 test results

Just like knots...
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Results: General

Sample sizes (N=687)
Most 1 (N=526)
5 or less most common

Probably convenience
sampling

Just like knots...
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Rope Damage

P,

Hitch Failure, Sl

Results

O
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Rope Damage

P,

Hitch Failure, SI

Results

O

(N=383)

Overlap between hitches

Overlap in beh

avliors
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Rope Damage

P,

“Prusik Clutch”...
Many hitches slip <~5kn

Hitch Failure, Sl
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Results: Hitch Failure, Slip, Rope Damage
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Results: Prusik Variability (N=14)

Standard Deviation (kN)
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Results: Prusik Variability (N=14)

Standard Deviation (kN)
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Results: Effects of Hydration (N=15)

Force (kN)
= = =t = =
02 S o ~ o) o

(o)}

No clear trend... , ©
11 have reduced strength .
[
O
5 O o
IR
O
NI
O

O Dry Prusiks
ADry Klembheist

Rank Order (Smallest to Largest)

® Wet Prusiks O Dry Valdotain B Wet Valdotain
A Wet Klemheist ¢ Dry French Prusik ¢ Wet French Prusik




Results:

Pull Rate (N=63)
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Results: Prusik Pull Rate vs St. Dev. (N=14)

Standard Deviation (kN)
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Results: Prusik New VS Used (N=71, 25, 31)

Force (kN)
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Results: Prusik Composition (N=37, 20, 7, 5)
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Results: Rope Diameter and Prusiks (N=147)

Force (kN)
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Results: Prusik Cord Diameter (N=147)

Force (kN)

*| Bigger effect than rope diameter .
» | Larger diameter = higher peak o
Lots of overlap!
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Results: Number of Wraps in a Prusik (N=184)

Force (kN)

More wraps = higher peak strength

High results from method.
Investigators using double
rope technique

Number of Wraps




Rigging Consequences

If you need more strength or grip...
Add a second friction hitch
Use a larger diameter cord for the hitch
Add more wraps to the hitch

These results are unsatisfying...



Future Research

Less tested hitches

Larger sample sizes (N=~20)

Wet vs Dry

Pull rates over ~8 in/min

Use faster pull rates for lower standard deviations
Focus on hitch materials, not the rope

Still a little unsatisfying...



System Complexity

Rope/hitch system incredibly complex

Many variables with conflicting effects
Simple research designs not effective...
Tightness or hand may be most important...

Appreciation for system complexity

Really not satisfying...



Rigging Philosophy?
Numbers are not enough

| do not care about the numbers...

Once we have numbers...
We can move on to something interesting

Elevate the discussion...



Rigging Philosophy?

O

* Something more interesting:

o Single Double Webbing Strand Anchors ?
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Rigging Philosophy?- Something More Interesting

Basket Hitch Basket Hitch + Basket Hitch




Rigging Philosophy?- Something More Interesting
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Rigging Philosophy?- Something More Interesting




Rigging Philosophy?- Something More Interesting




Rigging Philosophy?- Something More Interesting

If hitches are so inconsistent...

What about mechanical rope grabs?
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What’s The Point?

We need to move past the numbers

A necessary first step

Once we have them, move on...

We are stalling on basic understanding



How To Move On

» Personal revolution
Active study
Engage in the conversation
Actively humble ourselves to learn




How To Move On

* Cultural revolution
Teach these ideas to others
Leaders attend ITRS
We are the thought leaders




Let’s End Rigging Groundhog Day!




Final Thoughts...

Ing IS science

» Back yard test

e ltis invaluable
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Final Thoughts...

* Decisions can be data driven!

* Please read the citations!
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Questions?

O

Thomas Evans
SAR3

http://sarrr.weebly.com/

cavertevans@gmail.com
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