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Abstract / Taking bouldering further

Abstract
Bouldering is a tether-free, low-height
rock climbing sport where the “fall”
is an intrinsic part. Enthusiasts
must therefore transport and then
carry bulky, body size crash pads to
their favourite climbing location
to prevent injury from these falls.
The large size and awkward form
factor of these pads prevents people
from exploring areas further than
a few kilometres from a carpark.
This project aims at improving the
enjoyment of this growing sport and
allowing climbers to explore previously
uncharted areas through the design and
development of a smaller, lighter and
more portable crash pad. The research
and product development within this
project focusses on lateral approaches
to the form factor of crash pads and
the impact attenuating materials used
within them to achieve these aims.

factor of crash pads. The second concept
looks at replacing the impact attenuating
material normally found in crash pads
(foam) with air in order to be able to reduce
the volume of the pad when not in use.
Relevant precedents and patents that
have used similar techniques and may
cause issues in the product development
process have been acknowledged.
The project concludes with the outcomes
of this product development and an
explanation of the level of understanding
currently achieved on the topics through
this research and the future directions
that possible solutions could take.

Keywords: bouldering, climbing,
crash pad, crash mat, industrial
design, sports injury.

The research component of this project
discusses and presents two possible
solutions to this problem through
prototyping and visual concept
development. The first concept looks at
the idea of modularity to change the form
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Introduction / Taking bouldering further

Introduction
My project is addressing the problem
of bouldering crash pads being
large and cumbersome to carry and
transport. Besides being hard to fit into
a car boot, the size and awkwardness
of these pads prevent people from
venturing further into the wilderness
and exploring new areas to climb.
Through research, exploration, development
and testing my project aims to deal
with this problem by designing a more
portable climbing pad based off two key
ideas. The first of these ideas concerns
changing the form factor that existing
pads use to something that allows for a
more carryable shape. The second idea is
to investigate alternatives to foam, as the
impact attenuating material used in pads.
The main alternative explored here is
air, which is readily compactible and can
provide similar levels of impact attenuation
if contained in the correct manner.
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The project is limited in scope
in the following ways:

»» While one will be made, I’m not
focussing my research on designing
the harness system that the pad might
use to be carried into the wilderness.
»» A small budget of around $1500
exists for prototyping, so the project is
limited to the amount I can do with
that and the materials I can use.

This thesis covers the background
research of the project, followed by the
development of concept prototypes and
apparatus and methods used to test
them. The thesis then explains the testing
procedures used and then analyses the test
results and provides conclusions to the
effectiveness of the concept design and
further developments to be explored.

Introduction / Taking bouldering further

The Field

Grampians National Park in western Victoria, a prime bouldering area.
Photo: Mik Efford
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The Field
What is bouldering?
Bouldering is a type of rock climbing
done without ropes or harnesses
at heights of up to about 6 metres.
Boulderers complete “problems”,
which are climbable sequences
from the bottom to the top of the
boulder or rock face. Instead of using
ropes and harnesses, boulderers use
giant crash pads to soften their falls
from the rock. Bouldering focusses
on very hard “crux” moves and
sequences that require flexibility,
balance, strength and technique. The
term bouldering (and boulderer)
is synonymous with climbing (and
climber), and I’ll use both terms
interchangeably throughout this thesis.

A growing sport
Bouldering is to be a sport in the 2020
Tokyo Olympics. It’s a growing sport
in Australia, with multiple dedicated
indoor bouldering gyms opening in
most capital cities, as well as increased
interest in outdoor bouldering destination
such as The Grampians in western
Victoria and the Blue Mountains
in central New South Wales.

An awkward approach
Bouldering areas often have well-worn
paths, trails or “approaches” that allow
access to the climbing areas. Guide books
will often rate how difficult the approach
is and how long it will take to complete.
14

Boulderers use foam mats, often called
crash pads to protect them from falls and to
soften calculated landings. These crash pads
are awkward to carry, bulky to transport
and bulky to store. They also provide the
bare minimum of padding needed for
a safe landing. Boulderers often injure
themselves from falling, with most injuries
being ankle or knee related ( Josephsen
et al., 2007). My survey results (sample
size 93) found that 32% of boulderers had
badly injured themselves from bouldering
at some point in their bouldering history.

Why?
My project aims to look at ways in which
bouldering crash pads could be made
smaller and lighter in packed size in order
to transport, carry and store it more easily.
The key motivation for this project is to
design a product that will make it easier to
go bouldering outdoors. I’m hoping this
project will push the limits of the sport
and help existing boulderers to uncover
new bouldering areas by enabling them
to hike further and climb stronger.
If boulderers could strap their crash-pad
to a bike, or a backpack, and still have
room for other essential camping gear,
they could go on extended hikes or rides
and do what climbers love to do – an
adventure quest to new boulders, and be
part of nature for extended periods of time.

The Field / What is bouldering?

Two spotters and some foam crash pads protect this boulderer when they fall.
Photo: Justin Foo
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Exploring the Grampians with bouldering pads.
Photo: Mik Efford
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As a growing sport, it’s also important
to make it convenient for newcomers
to enter the sport. A smaller and
safer bouldering pad plays a part in
reducing the barriers to entry, and
could entice new people to the sport.
Furthermore, higher quality, more
adaptable gear, gives greater opportunities
to push to limits of human ability.
The project is also an opportunity to
draw people out of sedentary lifestyles
and into taking risks/physicality of
movement and interaction with nature.

Design Goals
To design a crash pad that:

»» that matches the safety
requirements of existing pads
»» is modular, compactible and lightweight
»» is easy to use, carry, transport and store
»» potentially allows people to join
their pads together, giving a new
social aspect to bouldering
»» allows people to take it on extended
hikes, which would uncover
more climbing areas and increase
involvement in the sport
»» complements the outdoor camping
lifestyle in terms of utility and
practicality - it could double as
camp chairs and sleeping pad.

Figure 1.

Mind map of possible areas of research
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Precedents
Following is a series of examples of
projects and people that have relevance
to my project either directly from a
competitor analysis point of view, or an
example of directions I could explore.

Air /air-cell based designs
Flashed Ronin

That’s the spiel from Flashed about the
design of their Ronin pad. It’s an impressive
design which provides a large crash surface,
but at the penalty of a fairly heavy pad.
The packed size isn’t that great either,
and requires a lot of work to be done to
squish it down to size. Re-inflation of
their air cells takes 24hours! The Ronin
measures 127cm x 95cm x 12cm and packs
into a tube measuring 33cm x 33cm x
99cm. From the Flashed website, about
the technology inside the Ronin pad:
“However, take a fall onto it and
progressively more cells are deployed as
the closed cell foam spreads the shock
load over the surface of the pad. The pad
comes back to shape in 2 seconds as above.
So, the shock absorbing ability of the
pad is not linear and more of the pad
in effect gets used to cushion your fall
with progressive deflation of the cells.
That’s why it’s much better at coping
with greater and greater impacts.
Nothing is perfect, but this shock
absorption system is way better
than foam can ever be.

“Four hundred and thirty-two little
air-filled crash cells absorb the impact
of landings. Flashed Air Technology
(FAT) outperforms regular open cell
foam in absorbing kinetic energy and
providing zero bounce. FAT cells are also
extremely durable, and last up to three
times longer than open cell foam. It will
change bouldering as we know it.”
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In addition, the cushioning effect it’s
very reassuring to cash onto from on
high, jarring is kept to a minimum.”
Following are some links to
videos on how it works:
https://vimeo.com/16524894
https://vimeo.com/15775947
https://vimeo.com/14269424

The Field / Precedents

Dynamic Air Crash pad

The Windcatcher Air-Pad

Designed more for stunt running and
parkour market, but still relevant to
bouldering. Uses an air-filled central cavity
to help arrest the climber’s fall. Requires
a pump to inflate. I haven’t found any
information on the inside of this pad, to
see exactly how it’s formed, but it’s a good
precedent none the less.
http://www.dynamic-air-solution.
com/en/produkte/crash-pad/
https://vimeo.com/93760057

This one isn’t a bouldering pad – it’s
a sleeping mat, but does show a novel
way of inflating a large air-cell space
without the need for pumps and is a very
compact design. I could incorporate this
idea into my bouldering pad design.
https://www.windcatchergear.com/
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Environmentally aware designs
Making a sustainable and
environmentally aware crash mat
is a tertiary consideration for
this project. Following are some
examples of existing products that
have had an environmental aspect.

Mad Rock R3

OG Kush Pad

“The Mad Rock R3 is the eco-conscious
pad for complicated landings in obscure
locations. The baffles of the new Mad
Rock R3 contain recycled EVA foam
that would normally be collected and
shipped for disposal. With the lower
costs of manufacturing the R3, we were
able to provide a 1680 denier shell that
is the most durable in the industry. The
ground shield unfolds to protect the R3’s
suspension system from dirt and moisture.”

The OG Kush Pad™ is the world’s
first crash pad built with sustainability
& creative expression in mind. It
uses recycled nylon and hemp to
achieve its sustainability goals.
https://www.kickstarter.com/projects/
kushclimbing/the-og-kush-padtmcustom-hemp-and-recycled-nylon-c
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By using recycled foam, Mad Rock are
effectively promoting an environmental
aspect that many boulderers would
be attuned to. The use of natural or
recycled materials is something I
could consider for my project.
http://www.madrockclimbing.com/
products/product.asp?_item=100111

The Field / Precedents

Cellular designs
Myriad Honeycomb Boulder pad concept

Snap Wrap Original pad

Snap have recently released this pad,
which uses a cellular internal structure
to alter the hardness of the pad through
restricting the air-flow. The following blurb
from their website explains the concept:

The idea of a cellular pad design, that
uses smaller individual cells that could
connect together to form a larger pad
seems like a good way to be able to adapt
the pad to its environment. Searching
the web for this style of pad has only
uncovered the following “Myriad Boulder
Pad” concept, which uses a tessellated
hexagonal design, but isn’t modular in that
the cells can’t be separated and the way
it folds seems to ignore the potential for
stackability and compression. I haven’t
found the author or the definitive source
of this project to reference it properly.

“This makes the WRAP ORIGINAL
relatively soft and comfortable for sitting
starts and low falls, but the higher you get
and the longer the fall, the more the pad
firms up. This is because the PU foam is
separated into 20 individual cells, each
measuring 30x25x12cm. Each foam cell
is enveloped in a taffeta wrap which is
lightly pierced. A small fall will cause the
air to be driven out through these holes,
but not so with a higher fall! In this case
the air is retained by the wrap because the
speed of impact is higher and the air has
not sufficient time to be evacuated. The net
result is to have a firmer pad for a higher
impact fall. Simple but so effective!”
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Self-inflating designs

Fall protection systems

Peter Kroon & Emma Landin’s Selfinflating air-pad concept from 2011.

Zero Shock

TH
MOS
IMPACT
T
rip-Stop pVc coAted top Sheet
SecondAry reStrAint netting
rASchel netting FAStened to - inFlAtAble Shock AbSorberS

WWW.ZERO-SHOCK.COM

inFlAtAble Shock AbSorberS

888. 7 33. 7 7 80

grommet Strip FAStened to top Sheet

“The final concept consists of a layer of
closed-cell foam on top of a self-inflating
air mattress, enclosed within a common
shell of durable fabric. The concept also
includes an evolved harness system and
graphic proposals which in addition can
be adapted directly on the current range
of Moon Climbing Crash Pads. The basic
principle of the concept is that a part of
the traditional foams shock absorption is
exchanged for a controlled deflation of air,
making it highly compressible and at the
same time lighter, which in turn enables
a pad with larger landing area, while
maintaining easy handling to be used.”
Undertaking a master’s thesis in pretty
much exactly the same thing as I am,
Kroon and Landin’s concept is rock solid
(excuse the pun) example, using the same
idea as a Therm-a-rest camping mat, first
developed in the 1970s. I haven’t seen
it made available commercially though,
so I wonder if it’s been successful or
not. Regardless, it’s a perfect research
document that’s formed the base of a lot
of the decisions I’ve made so far in this
project. (Kroon, P. & Landin, E. (2011).
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loWer AbSorption chAmber
Anchor StrApS With 2" Welded d-ringS

This working product, from a different but
not too dissimilar field shows some promise
for how I could use air-cells to provide
impact attenuation. How could I downsize
this into something ultra-portable?
http://www.zeroshock.com

·
·
·
·
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Material science inspirations
Recombinant / hybrid materials
Recombinant materials consist of two
or more different materials that act in
harmony to create a product whose
performance is greater than the sum
of its parts. One of my concepts could
benefit from a material that could be
structurally strong, but allow air to pass
through it – is there such a material?

Morphable structures

Air Flower

This temperature sensitive valve was the
inspiration for my valve design that opens
based on how much the sidewalls of the pad
are bulged. I like the kind of aorta style of
this valve, and is something I could replicate
a bit closer for a one-way valve design to
prevent excessive bounce in my concept.
http://www.liftarchitects.com/#/air-flower/

Metallic Microlattice

Sand and elastic membranes. Jamming
is a phenomenon that allows certain
complex fluids to behave like solids when
their density increases. Kind of like nonNewtonian fluids – it’s a material type
that is probably unsuited to boulder mats,
but interesting from a material science
perspective.
http://matter.media.mit.edu/tools/
details/morphable-structures

This nickel phosphorus cellular material is
capable of 50% strain without deformation
and is 100 times lighter than Styrofoam.
Could be used as an alternative to foam
if it wasn’t hideously expensive.
https://en.wikipedia.org/wiki/
Metallic_microlattice
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Biomimicry with polyamide

I liked this natural cellular form of
this chair, that uses biomimicry for its
structural component. It’s something that
I could look into further combined with
FEA to see if can be a more optimised
structure than a pure geometric form.
http://lilianvandaal.com/?portfolio=3dprinted-softseating

Auxetic materials

Floradrain FD 40-E

This is a good example of a fairly
sophisticated form that can hold weight,
and also be packed tightly. Sheets of thin
foam manufactured in this regard could
then either be flipped, or offset slightly, to
make them stack in a very compact fashion.
Egg cartons are a more lo-fi version of this
same structural type.
https://materia.nl/material/floradrainfd-40-e-perennial-garden/

Biosgel

Auxetics are structures or materials
that have a negative Poisson’s ratio.
When stretched, they become thicker
perpendicular to the applied force. This
occurs due to their particular internal
structure and the way this deforms when
the sample is uniaxially loaded. If I could
find an auxetic material, or design the pad
to behave auxetically, I might have a unique
to then capture energy and then release it.
https://en.wikipedia.org/wiki/Auxetics
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Biosgel is a form of plastic that
has good shock absorption and
is readily manufacturable
https://materia.nl/material/biosgel/
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Napcore

Koroyd helmet crash impact technology

Nap Core is a (core) material for
lightweight sandwich constructions. Its
three-dimensional nap structure is formed
from a two-dimensional knitted fabric. It
could be used as a lightweight base material
for my pad if it has a high fatigue resistance.
https://materia.nl/material/napcore/

The Koroyd helmet technology is
a fascinating high-tec example of
where my project could head. Koroyd
is an engineered material designed
to maximise impact attenuation in
helmets through the use of crushable
cylinders made from specific plastic.
http://koroyd.com/technology/
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Origami Inspirations
Collapsible lattice/concertina structure

Folded rubber

This concertina like structure was the
inspiration for one of my rough prototypes,
which was to be used as a form of
collapsible internal structure, designed
not to absorb impact, but just re-inflate
the pad after landing on it.
https://www.greenprophet.
com/2014/03/collapsible-wovenrefugee-shelters-powered-by-the-sun/

Foldcore

Trexlab have made this origami inspired
foldable rubber, which could be a potential
support structure style for my pad.
http://trexlab.com/

Foldcore is another origami inspired
material, which could be a potential
support structure style for my pad.
https://materia.nl/material/foldcore/
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Context and Application

Approaching the Grampians with bouldering pads.
Photo: Mik Efford
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Context and
Application

Rope

The history of industrial
design in rock climbing

Connectors

Industrial design has been key to
some great steps forward in the
world of rock climbing. Tri-cam
devices, carabiners, self-locking belay
devices, dynamic ropes – they’ve
all pushed the sport forward in
terms of safety, comfort and how
hard and far we can climb.

Protection

Bouldering technology hasn’t really had
that many key technological changes.
Early boulderers used squares of carpet or
doormats, mainly to wipe their shoes on
before they climbed. Foam pads have only
been used since the 1980s, with Kinnaloa
reportedly making the first commercial
one around that time. The late 2000s saw
a few companies try other technologies –
key of which would be the air-cell based
Ronin pad by Flashed (discussed in the
previous chapter). Despite these recent
attempts the market is still focussed
on foam based pads, as they’re effective
shock absorbers and are mostly fit for
purpose. My challenge is to find an
alternative to foam that provides the same
level of performance but isn’t as bulky.
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1900 1910 1920

1930

1940

First rope tests conducted

Hemp/Flax static rope

Carabiners / Munter Hitch

Nuts and Hexes

Pitons and spikes

Drills and bolts, boltplates

Straw bales reportedly
for padding in Fontain

Bouldering

Styles of climbing

Traditional climbing

Big wall climbing

Risk

Alpine explorers & adventurers

Technology emphasis in Trad
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1950

1960

1970
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1990

Kernmantle nylon rope invented

2000

Aramid ropes

Belay devices

2010

2020

Unicore rope (bonded sheath)

Petzel Grigri

Harnesses with leg-loops

Cams, aliens, camalots
First climbing helmets commercialised

Chalk!

y used
nebleau

Carpet used to wipe feet

Kinnaloa make first
bouldering crash pad

Flashed Ronin Air-cell
based pad

Dedicated bouldering gyms open

First US indoor climbing competitions

First indoor gyms open

Sport climbing

g

Safety

Mass Appeal

s
Figure 2.

Climbing

Key moments in rock climbing, from an industrial design perspective.

Technology emphasis in Sport Climbin
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Technology emphasis in styles of rock climbing
Within the climbing world there’s
different products designed for the
different disciplines. These products
have different focus, depending on
the needs of the discipline, and the
culture and ethos that surround
it. The follow tables detail the
main differences and overlaps.

Technology emphasis in Trad Climbing
»»
»»
»»
»»
»»
»»
»»

Reducing risk
Increasing safety
Self suciency
Safety redundancy
Multi-purpose tools
Allow people to climb longer
Providing access to more climbs

Technology emphasis in Sport Climbing
»»
»»
»»
»»
»»

Reducing risk
Increasing safety
Making things easier to use
Making things quicker to use
Providing safety redundancy
for inexperienced climbers
»» Single-purpose tools
»» Weight reduction

Technology emphasis in Bouldering
»»
»»
»»
»»
»»
»»
»»
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Reducing risk
Increasing safety
Making things easy to use
Making things quicker to use
Weight reduction
Style & aesthetics
Multi-purpose tools

Context and Application / Who is it for?

Photo: Mik Efford

Who is it for?
My project is aimed at outdoor boulderers
who want to explore new areas, or simply
want a lighter, smaller crash pad to carry.
They should be interested in lightweight
gear that’s well designed and fit for
purpose. I haven’t got to the point in the
design process yet that will determine
how much my concepts might cost, but
there would be value in analysing how

much people would be willing to spend,
and whether or not the market would be
more receptive to something that’s cheap,
or something that they pay a premium
for. The target audience isn’t that specific
beyond that – there’s no gender bias,
no age bias and no geography bias.
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What is the bouldering process?
Following is a description and photos
of the process of going on an outdoor
bouldering trip. It gives insight into
the requirement of the crash pad and
how it could be used in instances
other than actual bouldering.

Getting to the climb

Packing/unpacking the car
Through the burnt out forest we go
Photo: Mik Efford

Negotiating rough terrain on the way to a new crag
Photo: Justin Foo

How do you fit it all in again?
Photo: Mik Efford

A key problem to the existing designs
is their inability to easily fit into a car.
A couple of large mats will easily take
up most of the truck of a large wagon.
Smaller cars normally require a rear seat
to be folded down and the pads inserted
vertically. This reduces the number of
people you can go bouldering with!
32

Often the walk-in to a bouldering area
can involve extended hiking up steep
terrain that requires scrambling over
rocks, squeezing between narrow gaps,
and dealing with overhanging branches
and shrubbery. The large foam pads
often get caught on things, or you have
to take them off, throw them through
a gap, or up a ledge, and then put them
back on and continue on your way.

Context and Application / What is the bouldering process?

Highball problems can test even the most fearless climber.
Photo: Justin Foo

Bouldering
Once at a bouldering area, the bouldering
mats are placed to protect the climber when
falling or dropping off the boulder. They’re
often also placed over protruding rocks
on the landing area to prevent the climber
from landing on anything sharp. Uneven
landings are also common, with many
pads being used to cover up low spots,
holes or crevices that could cause injury.
If the boulder problem has a particularly
high finishing point (often called a
“high-ball problem”) then it’s common for
pads to be stacked on top of each other to
soften the landing from such a high height.
High ball problems are considered to be
anything above 4.5metres high, topping
out at about 7.5metres. Beyond that and
serious injury could occur, so most people
would use a rope and consider it a rock
climbing route, not a boulder problem.

Beyond the crash pads, spotters are key to bouldering
safety. The task of the spotter is to either protect the
climber’s head, or direct and push their body onto the
crash pad as they fall. It’s not the responsibility of the
spotter to catch the climber!
Photo: Justin Foo
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Lunch/resting

Moving to another boulder

Photo: Mik Efford

Photo: Indie Ladan

Bouldering trips normally last a whole day,
which leaves plenty of time for relaxing,
enjoying nature, having lunch or taking a
nap. Foam bouldering pads form suitable
cushions for all these activities. How will
my concepts provide the same facilities?
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Photo: Indie Ladan

A day bouldering can involve multiple
“moving of camp” from one boulder to
the next. The bouldering pads are often
used as the bread in the sandwich to
carry shoes, bags and clothing. The short
distance from boulder to boulder. Most
“taco” style pads have carry handles
at the top of them, so they can be
carried like a suitcase in this fashion.

Storing
Bouldering pads are often just hired for
the day by amateur boulderers, but serious
athletes will buy their own pads and find
a place to store them in their home. The
large foam pads are actually quite light, so
it’s normally not an issue stacking them
on top of a wardrobe or somewhere – but
they still take up a lot of precious room.
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Why do people boulder?

Figure 3. My survey
results show the popularity
of different reasons for
people bouldering
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Why do people boulder?
People climb for all sorts of reasons,
but here’s a few that are commonly
expressed by boulderers.

Maintaining fitness and health
It’s hard to deny that bouldering isn’t good
for maintaining fitness and developing
strength. It uses your entire body, improves
flexibility and co-ordination and has
been likened to “yoga on a wall”. The fact
that it’s harder to do if you’re overweight
(more weight to lift off the ground) is
often a motivation to lose that weight
just so you can be better at bouldering.
Many boulderers go to indoor
bouldering gyms much the same way
as people go to weight lifting gyms
or aerobic classes – it’s a regular thing
that’s scheduled into their week.
Possibly the only downside to bouldering
from a fitness perspective is that it’s
not very aerobic in nature. You can
easily work up a sweat, but it’s not
high intensity like running or a boxing

class. Most serious boulderers combine
their love of bouldering with another
sport or exercise that fulfils that aerobic
component of their fitness regime.

Maintaining challenge and goals
Bouldering is really hard. Most newcomers
to the sport can barely hold onto even
the biggest holds and do the simplest of
movements. Even extremely fit and strong
people find that they don’t have the grip
strength to hold onto the smaller “crimpy”
holds often seen in bouldering problems.
Regular indoor bouldering gym goers
when venturing out into the real world for
the first time find that the grades they can
climb indoors far exceed what they can do
outdoors. These reality checks often stir
people up enough to challenge themselves
to get stronger so they can climb better.
People train and train and train just to be
able to do one more move on their project.
This personal goal setting is different for
each climber, but there’s a constant common
thread of personal betterment and some
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indescribable magical unobtainable ultimate
enlightenment at play in bouldering that
keeps everyone coming back for more.

Social engagement
Bouldering is a predominantly social
sport. It’s rare to go bouldering outdoors
by oneself, as the risk of injury is high,
and the areas are often remote and
inaccessible if medical attention is
required. Indoor bouldering gyms are
hives of social activity, with many people
forming lifelong friendships with people
they meet there. There can be a certain
clique to the social circles that form, but
most boulderers are happy to introduce
new people to the sport, any many
strive to see it grow bigger, despite the
common hatred of over-crowded gyms.

Mental health
A recent study into the effects of
bouldering on people with depression
(Luttenberger, K, et al, 2015) found that it
was an effective treatment. Previous studies
have shown that physical exercise that
requires coordination and concentration is
an effective treatment for depression. “Rock
climbing or bouldering combines many
of these aspects because rock climbing
requires high concentration, can be
varied according to the fitness level of the
person, needs a high level of coordination,
can easily be carried out in groups, and
activates intense emotions (such as fear,
pride, lust, anger, and more). With the
expansion of bouldering as a sport for
everybody, it seems a logical development
to use the positive aspects of bouldering
as a therapy for mental illnesses.”
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Experiencing beauty & nature
The final, and possibly the most common
reason that people boulder, is to get
outdoors and commune with nature. The
wonderfully relaxing days of being away
from society, mobile reception and all other
modern conveniences with just a bunch
of friends and some rocks is a commonly
spouted reason for loving the sport. Many
climbers might not even climb on any
given day, but just enjoy being part of a
group that is. Even on climb days, the
time spent actually climbing can often
be very small compared to the making of
the coffee, taking of the photos, reading
of a book, going for a bush-walk etc.

Documenting and reliving
experiences
The act of finally finishing a bouldering
problem, or project as they can be called,
after many hours, days or even months
of trying is a true moment of elation. The
combination of both an adrenalin and
endorphin rush are a powerful opiate that
brings you back for more. Documenting
these self-achievements, either through
one’s own memory, or the shared experience
memory of others, helps re-live them later
down the track and is a key ingredient
to the bond climbers have with one
another and the places they climb.

Risk as a measure of progress
Similar to the personal challenges and goal
setting, the interplay of risk and reward is
a clearly evident motivation in bouldering.
Do you leap (‘dyno’) to that final hold
and risk missing it and falling badly and
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(bonded sheath)
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Figure 4.
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A summary of the reasons why people boulder and climb.

WHY DO CLIMBERS CLIMB?

rolling an ankle? Or do you get that final
hold but rip up your fingers, leaving giant
flaps of bloody & callused skin that will
takes weeks to heal? Googling ‘bouldering
flappers’ is not for the faint-hearted, but
gives a good indication of the types of
injuries that are common. In some circles,
these injuries are worn as badges of honour.
You’re not a climber until you’ve left blood

on a rock, or popped a finger tendon
from over-training it on a campus board.
It’s similar to other sports considered
‘extreme’ - like in mountain biking where
a common catch-phrase is “skin grows
back” - in the acceptance of risk and
injuries as part of the allure of the sport.

port Climbing

Technology emphasis in Bouldering

se
use

Reducing risk
Increasing safety
Making things easy to use
Making things quicker to use
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Photo: Justin Foo

Industry Requirements
If my prototype is to be successful
it will need to match or exceed the
existing requirements of the industry.
This section of the thesis goes into
more detail of those requirements.

Safety
Beyond attenuating someone’s fall, a
boulder mat needs to be stable enough
to stop ankles from rolling, as well as
being able to be walked upon before
getting on the wall. Existing designs
that use foam are all based around
providing maximum stability for the
climber as well as fall attenuation.

What industry standards are
applicable?
The UIAA 161 Crash Pads “Determination
of the critical fall height” Standard states
“When tested in accordance with the test
methods described in the standard, the
critical fall height shall be determined
as the lowest drop height producing a
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Head Injury Criterion value of 400.”
The test method described in the
standard involves a repeated drop test
on 3 identical samples and is based off
the BS EN 1177:2008 Impact attenuating
playground surfacing. Determination
of critical fall height test procedure.
Of the crash pads that I’ve seen in the
market, few promote that they pass
this standard. Furthermore, there’s no
official test lab that one can send a crash
pad to in order to be tested (there’s
many other test labs for other similar
climbing gear available), so it seems I
would have to build this test apparatus
myself if I wish to pass the standard.

Weight
Existing crash pads aren’t that heavy. Most
medium sized pads weigh around 5 or 6 kg,
with large pads around 8-9kg. My concept
has to at least equal these figures, or ideally
reduce them substantially for its given size.

Context and Application / Industry Requirements

Cost

Technological Requirements

Existing crash pads cost anywhere from
AUD$150-600 depending on quality and
size. The more expensive pads generally
use better quality foam that lasts longer
as well as higher quality materials such as
Cordura™ or similar rip-stop nylon fabrics.

I’m trying to steer clear of any technical
gadgetry in my design – especially the
need for any sort of electric pump if
it was an air based design that needed
inflation. My view is that boulderers
value simple products that work well
and are durable, and wouldn’t want to
carry unnecessary electronics that disturb
the peace, or could break down easily.

Complexity
Existing crash pad designs are simple
to setup and easy to use once at their
destination. Most consist of a folded
or ‘taco’ design that simply requires
the undoing of a few straps and laying
the crash pad flat underneath the rock
you wish to climb. This simplicity is
something I’ll need to come close
to replicating if my product is to be
successful, as a complicated and lengthy
setup time will definitely be perceived
as a disadvantage to most climbers.

Extra Features
Many crashpads have extra features (like
pockets, straps, handles etc) to help sell
them and provide better usability. These
are normally a tertiary concern, but
it’s still something to think about once
the concept is proven and reliable.

Sustainability
Almost all existing crash pads have
replaceable foam to extend their life.
Beyond the few sustainably minded
companies mentioned earlier, most of
the materials used in a bouldering pad
are new. My concepts are involved in
dematerialisation to some degree, so this
could be claimed as a sustainable advantage.

The fabrics or plastics I might need to
use will need to be strong and possibly
flexible. Existing pads use high denier
nylon such as Cordura™ (for its rip-stop
quality and durability), or heavyweight
vinyl for their coverings. My project
might need a combination of different
materials to obtain the different
qualities required by my concepts.

User Requirements
Boulderers require their pads to be
safe, stable and durable. Boulderers
are known for being cheapskates, so
anything too expensive isn’t going
to work for the market – they seek
value for money and do their research
thoroughly before purchasing products.

Performance Requirements
Safety is priority. Stability is a factor
of this. An unstable crash pad will lead
to broken ankles. Whatever I design
needs to meet or exceed the current
status quo of a foam pad in terms of its
stability and level of shock absorption.
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Bouldering has a strong social aspect
Photo: Mik Efford
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Methods
Survey/Questionnaire
I designed and disseminated a survey
to online bouldering and rock climbing
groups that questioned them about their
level of climbing, what crash pads they
owned, and whether or not they’d injured
themselves whilst bouldering. I received
just under 100 responses, the results and
analysis of which are in Appendix I.

Literature review
A literature review, or annotated
bibliography will help me assess what
has been done before and assist in
understanding the many facets of my
project. The precedents and inspirations
mentioned in Chapter 1 are a large part
of this. The rest will be completed as more
areas of research become apparent.

Physics Research
A lot of my initial research has concentrated
on getting my head around the underlying
physics of impact attenuation and energy
absorption. From this understanding, I
hope to develop tools and methods to test
impact attenuation and deceleration rates
(accelerometers) so that the prototypes can
be designed with some level of certainty as
to their impact attenuation performance.
Topics/terms to understand and use include:
»» Indentation force-deflection
»» Density & Hardness
»» Resilience (bounce)

42

»»
»»
»»
»»
»»
»»
»»
»»
»»
»»
»»
»»
»»
»»
»»
»»

Compressive Strength
Compression Set
Hysteresis
Durometer Testing (Shore, JIS C)
Energy absorption / impact
attenuation curves
Kinetic energy
Velocity at impact
Work-Energy Principle
Boyle’s Law
Poisson’s Ratio
Bernoulli’s principle
Square-cube Law
HIC - Head Injury Criteria
- Trauma limits and values – 200G
Tensairity
Tensegrity
Thin-shell structures

Variables to consider
From my readings on the various
physics involved I’ve determined a
few key factors, or variables that affect
the performance of crash pads.
I’ve developed a series of diagrams
to explain these concepts visually
in Figures 5, 6 & 7.
These variables all have certain constraints
due to the nature of how bouldering
pads are used, and the requirements
of my project aims. Finding the
sweet spot for all of them is the aim
here, so I get a well performing pad
that’s optimised for a specific use.
I’ve also read up (Davison et al 2009,
Baroud et al 1999) on the different models

Methods / Survey/Questionnaire

Densification point

Without a layer of firm CC foam the load is only
absorbed by the foam directly under the load,
which reduces the potential energy absorption
of the crash pad.

Firm closed cell foam for surface area dispersion
Open cell PE foam for energy attenuation
Outer cover - cordura or vinyl

Densification point

With a layer of firm CC foam the load is spread
over a wider surface area, which increases the
energy absorption of the crash pad.

Figure 5.

The effect of a layer of firm closed cell foam on the top of the pad
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Firm closed cell foam for surface area dispersion
Air or cell PE foam for energy attenuation
Outer cover - cordura or vinyl

Poisson’s Ratio for a solid is the degree
to which a solid expands or contracts
perpendicular to the applied
compression. It’s one of the factors to
consider in my concept.

If the pad area is too large, the effect of the CC foam to
act as an energy disperser is maxed out. A firmer top
layer would increase the energy absorption, but would
feel too rigid to land on.

Figure 6.

If the pad area is smaller the sidewalls of the pad also
then add to the energy absorption. Lowering the
required foam density, making it lighter. If the
sidewalls are elastic, their bulging expansion would
also absorb energy.

The effect of the surface area of the crash pad on energy absorption performance.

Firm closed cell foam for surface area dispersion
Air or open cell PE foam for energy attenuation
Outer cover - cordura or vinyl

x
x

For a perfect linear absorber, the height (x) of absorber is inversely proportional to the
g-force applied to the load. i.e the deceleration of the load can happen over a longer
timespan, thus reducing the maximum g-force applied to the load.

Figure 7.

44

The effect of crash pad height on impact attenuation
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to help test my prototypes – rheological
flow models based on mathematical
principles, FEA and physical testing.
Which I end up using is still to be
decided. It might be a combination
of all three with cross-referencing to
check that they agree with each other.

The parameters of impact
attenuation in bouldering

For a low-ball crash pad design
Low-ball problems range in
height from 2 – 4.5 metres.
Climber
Weight
(kg)

Fall
height
(m)

Avg.
Impact
force (N)

Kinetic
Energy at
Impact ( J)

75

2

2940

1470

50

100

2
2

1960
3920

980

1960

Climber
Weight
(kg)

Fall
height
(m)

Avg.
Impact
force (N)

Kinetic
Energy at
Impact ( J)

75

4.5

6615

3307.5

50

100

4.5
4.5

4410
8820

2205
4410

Figure 9. Table of figures for energy absorption
calculations for a low-ball crash pad

Figure 8. The stress strain curve for an ideal
energy absorber. http://www.ergaerospace.com/
Energy-Absorbtion.html

From my physics research and through
mathematical modelling I’ve started
to develop the following parameters
under which my product would need
to work in order to roughly pass the
UIAA standard, which uses a test
based around EN1177:2008 Impact
Attenuating Playground Surfacing –
Determination of Critical Fall Height.

As you can see from this table, if I’m
to account for climbers weighing
between 50 and 100kg dropping from
between 2 and 4.5 metres then I need
a pad that’s able to effectively absorb
between 980J and 4410J of energy.

I’ve used the following formulas
to calculate these figures:
%

Kinetic Energy = 𝐾𝐾𝐾𝐾 = 𝑚𝑚𝑣𝑣 &

Velocity at Impact = v =
Time to Impact = t =

&

2

2𝑔𝑔ℎ

,

-

Average Impact Force = Work-Energy Principle =
%
%
&
&
𝑊𝑊/01 = 𝑚𝑚𝑣𝑣23/45
− 𝑚𝑚𝑣𝑣3/31345
&

&
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For a high-ball crash pad design

The effect of pad height

High-ball problems range in
height from 4.5 - 8 metres.

By altering the height of the crash pad,
you can effectively spread the impact
force over a greater time and distance,
which reduces the severity of the impact.
The following table details how this pad
height variable changes the effective
g-force transmitted to the climber and
over what time. To calculate these figures,
I’ve used the maximum fall height and
assumed the pad is engineered to perfectly
absorb the energy of the climber through
its entire height in a linear fashion.

Climber
Weight
(kg)

Fall
height
(m)

Avg.
Impact
force (N)

Kinetic
Energy at
Impact ( J)

75

4.5

6615

3307.5

50

100

4.5
4.5

4410
8820

2205
4410

Climber
Weight
(kg)

Fall
height
(m)

Avg.
Impact
force (N)

Kinetic
Energy at
Impact ( J)

75

8

11760

5880

50

100

8
8

7840

15680

3920
7840

Figure 10. Table of figures for energy absorption
calculations for a high-ball crash pad

As you can see from this table, if I’m
to account for climbers weighing
between 50 and 100kg dropping from
between 4.5 and 8 metres then I need
a pad that’s able to effectively absorb
between 2205J and 7840J of energy.

Pad
height
(m)

Fall
height
(m)

Accel.
Rate (g)

Time taken to
stop climber(s)

0.2

8
8

-80

0.015

8

-40

-26.66

0.047

0.1
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

8
8
8
8
8
8
8

-20
-16

-13.33
-11.42
-5.625
-8.88
-8

0.031
0.063
0.079
0.095
0.111
0.170
0.143
0.159

Figure 11. Table of figures showing relationship
between pad height and associated decelleration and
time taken.

There’s some limits here though as to
what would be an appropriate height
for a pad. Greater than 0.5m and
the pad would potentially hinder its
placement under overhanging rocks, as
well as its ability to be easily stepped
upon when approaching the rock.
Existing foam pads range between 6 and
15cm thick. Any thicker and they’d be
too bulky and heavy to carry by a single
person. Climbers often get around this
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Fall height
(m)
1m
2m
3m
4m
5m
6m
7m

Speed at impact
15.9 km/h (4.43m/s)
22.54 km/h (6.26m/s)
27.61 km/h (7.67m/s)
31.88 km/h (8.85m/s)
35.64 km/h (9.90m/s)
39.04 km/h (10.84m/s)
42.17 km/h (11.71m/s)

Energy at impact ( J)
for 37.5kg weight
367.5
735
1102.50
1470
1837.5
2205
2572.5

Energy at impact
( J) for 75kg weight
735
1470
2205
2940
3675
4410
5145

Figure 12. Table height of the relationship between fall height, impact speed and energy.

by stacking pads on top of each other
to soften their landing. This leads me to
think that a thicker pad would be more
desirable, if it wasn’t going to be as bulky
or heavy. With that in mind, I think
a pad around 20-30cm high would be
the sweet spot between desired impact
attenuation, weight and usability.

The effect of fall height and weight
The higher someone climbs, the greater
speed they will hit the pad at. This change
in speed could be critical to my concept in
that the change in velocity between a low
fall and a high fall will change the speed at
which the pad is compressed, and thus how
fast the air has to get out of the pad through
the defined air valves. The main question is,
can one design a valve that can effectively
work without causing bounce, for a range
of given body weights and fall heights?

The final hurdle
To complete the mathematical analysis of
impact attenuation, and to figure out how
much energy the pad needs to absorb, I
need to know where the force is applied.
Physics tells me that pressure is equal
to force over surface area. How can I
accurately simulate the surface area that’s
affected when a climber hits a pad, given
that it’s flexible and not rigid? If I made
a pad with known dimensions and with
a rigid top surface and filled it with air
at a set psi, could I estimate how much
energy it would absorb? I’d need to know:
1. Air volume of the pad
2. Surface area of the top of the pad
3. Air pressure inside the pad
4. Calculus

Number’s 1-3 I can estimate, but
unfortunately, I don’t know #4 and
can’t make it up, and as hard as I’ve
tried (I’ve spent days trying to get my
head around it) I still can’t figure it out
well enough to see how these figures
would be trustworthy or relevant. It’s
at this point that I have to consider
other ways in which I could obtain such
data – such as actual real-world testing,
or comparisons with existing products
that might use similar types of scenarios.
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Sketching
From the initial research and
understanding of existing bouldering
pad designs I developed the initial
concepts via sketching and idea
generative note taking. Most were
concerned with finding alternatives
to foam, as well as some explorations
of different mechanisms that might
be used within my concepts.

Strapdown designs
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Bendy, flexy technology
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Alternatives to foam ideation drawings
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Foam compression concept drawing

More sketch development
Appendix IV contains the complete set of sketches done for this project.
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Rough prototyping
Based off my material science research and
sketches I’ve developed a few small rough
prototypes to explore the viability of how
different materials and structures operate.

Experimenting with the ability of different foams to be compressed
Photo: Mik Efford
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The potential of origami-like internal
structures has been explored.
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Rolling onto back

Scenario Testing
What are the different ways people fall
on a crash pad? What are the scenarios
that the bouldering pad is used? How can
I test its suitability to all these scenarios?
Scenario testing the transportation,
carrying, usage, and storage of my concepts
would help answer these questions.

Standing drop
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Concept prototyping

Material Fatigue Testing

From the sketches and rough prototyping
came two clear pathways to follow in
terms of concepts; modularity and air
compression. Using CAD and physical
prototyping I developed the concepts.
These are discussed in more detail in
the design development chapter.

How can I find out how long the materials
I chose will last? From my survey results
it’s clear that durability is an important
purchasing decision in crash pads, so
my design will have to be made of hardwearing and resilient materials that won’t
easily puncture or break. This is a more
long-term type of testing that might
exceed the limits of this honours project.

User performance testing
Once my concepts are prototyped and
verified to perform within an agreed safety
limit I’d like to be able to test them in the
real world with real climbers. These tests
could be conducted as a continuation of the
method above, with users testing the pad by
falling from specified heights. Qualitative
testing could also be conducted on how
the climbers thought the pad compared
to other pads they’ve used in terms of
firmness, stability, perceived safety etc.

User testing – form and
ergonomics
In part, this is a bit like the performance
testing – how well does the product
perform in terms of user centred design and
ergonomics. There’s no use in designing a
crash pad that’s too time intensive to setup,
or is too complicated to use. Putting the
prototype in front of a bunch of climbers
and letting them discuss it and use it
would be invaluable to my research.
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Design
Development

Bouldering is often called “yoga on a wall”.
Photo: Mik Efford
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Design Development
Modularity concept development
My first concept is based around
changing the form factor of a foam
pad so that it could be compressed for
transport and storage. Most foam pads
on the market fold in half, or in thirds,
using either hinges, or just allowing
the foam to compress and folding it
like a taco. Both of these styles have
issues – the hinged pads have a crease
that’s susceptible to splitting apart
upon impact, or folding up around the
climber. Various companies have tried
to overcome this by introducing angled
hinges, or using hook and loop to cover
the gaps up when in use. Taco pads
have the problem that the folded area
of the pad eventually gets weakened
from use and seams develop in the
pad that don’t have the same impact
attenuation as the rest of the pad.
My concept, utilising smaller tessellated
hexagonal shapes that connect together still
requires hook and loop to be used to cover
the seams, but the non-linear arrangement
of the seams means that there’s a
reduced likelihood of the pad folding up
around the climber or splitting apart.
By using separate smaller pads that connect
together, the ability to stack them and
then compress the foam to a smaller size
is increased. Instead of a pad that’s folded
2 or 3 times, my concept could be “folded”
as many times as there is pieces. The idea is
that you’d stack the pieces up vertically, and
then tie it all down with compression straps,
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compressing the internal structure as you
go and reducing the height of the column
by as much as the structure could be
reasonable compressed. Most foams can be
compressed by around 40-50% quite easily,
with the next 20% requiring some effort
before the densification point hits and the
foam cannot be compressed any further.
The use of hexagons is something I’ve
explored deeply in this project. There’s
many reasons why I believe they’re a good
solution for this product compared to a
square, triangle, or other tessellate shapes:

1. The shape allows for irregular pad
formations that could better fit
between rocks or uneven surfaces
2. The lack of sharp 90 degree corners
makes them easier to sew.
3. The lack of sharp corners also means
that each corner is less prone to wear
and tear. Corners are a common
wear/fail point of existing pads.
4. The lack of sharp corners also means
there’s less pressure on any one
corner during impact, so they’re
less likely to burst at the corner
seam when under pressure.
5. The zig-zag seams provide some
horizontal contingency which keeps the
pads from folding up around the climber.
6. They’re an interesting an aesthetically
pleasing shape to look at and work with.

bouldering pad prototype

Design Development / Modularity concept development

225mm

75mm wide velcro hook
(sewn to underside)

600-1000 denier nylon/cordura

Modular Concept - Visualisation

225mm

Velcro loop sewn to top of pad

75mm wide velcro loop sewn
to top of pad

75mm wide velcro hook
(sewn to underside)

600-1000 denier nylon/cordura

Velcro loop sewn to top of pad

390mm

75mm wide velcro loop sewn
to top of pad
Foldable flaps with
velcro underneath.

zips somew
and remov

80-100mm
thick

Foldable flaps with
velcro underneath.
zips somewhere to insert
and remove foam

80-100mm
thick

Modular bouldering pad prototype
Need 7 pads made so they can
tesselate and join like this
225mm

75mm wide velcro hook
(sewn to underside)

Need 7 pads made so they can
tesselate and join like this

600-1000 denier nylon/cordura
Velcro loop sewn to top of pad

75mm wide velcro loop sewn
to top of pad

390mm

Foldable flaps with
velcro underneath.

zi
a

80-100mm
thick
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Need 7 pads made so they can
tesselate and join like this

Modular concept - Stacking
& Compression

Compress with compression
straps. Carry with backpack
straps (not pictured).

ack like this

Stack like this
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Compress with compression
straps. Carry with backpack
straps (not pictured).
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Proof of principle prototype
Late in Semester 1 I partly made a foam
based proof-of-principle prototype to test:
»» how compressible it is and how
easily it can be compressed
»» how a tessellated design that’s
interconnected will work in practice
»» how a tessellated design, which has
smaller confined areas of foam, differs
to a contiguous foam pad in terms of
compressibility and performance
»» how the design of a harness
system to allow easy carrying of
the crash pad in its compressed
form could aid the concept.

The prototype remained unfinished at
the end of semester 1 as my attempts
to use a overlocker and sewing machine
resulted in lots of broken needles, threads
and swearing. It was clear that I needed
professional help to get these made, which
I didn’t source until second semester.

Testing the compressibility of the various layers of foam
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Air as an energy absorber concept development
My second concept involves using air
instead of foam as the main energy
absorber (impact attenuator). I wanted
to investigate inflatable based internal
structures that could do the same thing
as the lightweight foam structure, but
allow for greater compressibility when
deflated by using air instead. Two initial
concepts are visualised here – one using
an air-spring design, the other using
a more conventional structural lattice
of air-filled tubes. The idea with both
of these is that the user just has to
inflate this smaller volume of internal
structure, which in turn sucks air into
the surrounding enclosed volume of
air through one way inlet valves.
Similar air-based concepts have been tried
before, the Ronin pad by Flashed, and the
concepts developed by Kroon & Landin
(2011) are key examples here. Both of those
concepts replace dense energy absorbing
foam with a much lighter foam, and use
that lighter foam not to absorb energy,
but to allow for a closed air-cell system
to be expanded and inflated by the foam
and use the volume of air it creates as the
main impact attenuator. In principle, at
a cellular level, foam does this anyway,
the difference here is one of scale, and
purpose – my goal is to make the pad
smaller, so removing the bulky foam, or
allowing it to be compressed is key here.

I sourced some P45 closed cell foam
and an inflatable mattress to test the
second “air” based concept I visualised
last semester. With the mattress firmly
inflated and the foam placed on top it was
evident that it didn’t have the required
amount of support needed to attenuate
a large fall. Due to the size of the air
volume and the large surface area the
feet of the climber quickly penetrated
the air volume and bottomed out.
The P45 closed cell foam is also an issue
at this size. It’s quite rigid and can’t
be easily folded or rolled, so it doesn’t
meet the criteria of making the pad
smaller or easier to carry. I investigated
how this rigid foam could be made into
strips and concertinaed in some way for
portage, but couldn’t find a solution that
didn’t make the setup more complicated
than it already seems like it will be.
This prototyping process confirmed my
theory that a series of smaller air chambers
would be better than one single large one.
With this in mind I decided to follow the
1st concept presented last semester, which
uses a more modular approach with a
smaller air volume and surface area that’s
better contained. My understanding is that
the smaller volumes will allow for more
compression of air against their cell walls,
which will provide more energy attenuation.
It also allows different body parts to fall
on separate cells, which could be good if
the initial fall then results in a secondary
impact by the climber’s head or torso.
There’s many patents (see bibliography)
which follow similar thought to this,
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Air Concepts - Visualisation
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although most are designed around use
for firefighters to use to save people from
burning buildings. Given that there’s
patents for such things it correlates
that these designs should work. The
question remains though whether or
not they’ll downscale effectively for the
usage requirements of bouldering.
Problems might arise with the manufacture
of these internal structures, along with
the possibility of them being punctured
during use. These are issues I’ll have
to investigate in the near future.

Controlling air pressure through
valves
I wanted to investigate how the use of
pressure relief valves could reduce the
obvious and undesirable bounce effect
that occurs with inflatable objects. If
I was to compare what I need with a
hydraulic shock absorber I’d be looking
at its rebound compression dial as to
how it dampens the absorption, reducing
bounce. Ideally, I’d want a valve that
remains completely shut until the desired
level of pressure/compression is released
and then for it to fully open. Reed valves
are an easily made type of valve that
almost does this, but I suspect they suffer
from air leakage at lower pressures.
My aim with this concept is to explore
how a pressure-relief valve that only
opens under a set pressure could be
used to alter the impact absorption
qualities of an air-cell crash pad.
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Self-inflation and bounce
One of the requirements of the use of this
pad is that it needs to self-inflate quickly
after each fall. If it was to self-inflate too
quickly (rebound) then you’d bounce,
which isn’t desirable either. So the internal
structure of the pad needs to be strong
enough to push the pad back to its original
state, but not so strong that it provides
too much rebound. Luckily there’s a fair
bit of latitude to play with here, as any
amount of air release from the pad during
the compression phase will take 10-20
seconds to get sucked back into the pad
as the internal structure re-inflates. The
problem of bounce only really arises if the
air can’t get out quick enough. Then you
get a bouncing ball effect as the air in the
pad pushes back on the climber instead
of escaping through the valve holes.

Potential air flow models between pads via
connected valves.

Design Development / Air as an energy absorber concept development

The 3D printed reed valve, with some temporary
petals installed.

A parametrically modelled air-valve,
wthat I’ve 3D printed which I can use
in my prototypes to control air-flow in
and out of the pad.

A parametrically modelled bend valve
that opens up the more the surface it
is on is bent. This could be used on the
side of the crash pad to control air flow
as it compresses.
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Prototype #1
I made a contact with Evan Howard
from Terra Rosa Gear, a local
manufacturer of lightweight camping
equipment (tents, sleeping bags,
tarps etc) and he agreed to make
whatever prototypes I need made.
To save on prototyping cost, I had the
idea that if I’m just to get a few prototypes
made, they need to be as adaptable to
different ideas as possible. This involved:

1. Cutting large holes for valves, which
can then be either plugged up, or
have a screw in valve installed into
them of varying diameter/airflow.
2. Allow for the prototype to be openable
to allow the installation or removal of
foam or other components to test.
3. Be as tall as feasibly possible in
height, as it can always be made
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Evan hard at work sewing the first prototype together
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shorter by removing layers of
foam or internal structures.

During my first meeting with Evan we
discussed the difficulty in making the
prototype completely air-tight. It was
mid conversation about this topic that
I had the inspiration to use an internal
bladder inside the outer shell. This will
allow the prototype shells to be made
much cheaper, and more adaptable to
any changes I might make. Evan then
showed me the material he recommended
I use – Dimension-Polyant X-PAC VX21,
which is fiber reinforced laminated material
made from Nylon, Polyester and PET. This
material is waterproof and air-tight and
very strong and abrasion-resistant. Once
sewn into the hexagon it was clear that
there was no need for an internal bladder.

gym crash pads. The foam used in the
prototype was also from these old crash
pads. To that extent I’m unsure of its
quality or exact specification beyond being
open-cell and relatively soft foam. Hook
and loop was used to connect the pads
together, and a #10 coil zipper was used
on the bottom face to allow insertion
and removal of the internal structure.
The prototypes were finished by Evan
and I now had a working set of modular
pads that I could experiment with. Evan
ended up making all 7 prototypes in one
day (about 5hrs work, with me helping
cutting fabric), which bodes well for
how much time these might take to
make if they perform successfully.

Apart from the X-PAC material which
was use for the side panels, the prototype
used thick vinyl for the top and bottom
which was recycled from old bouldering
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Air port prototyping

so very little energy can be absorbed
through it. If this material had some
elastic properties then the need for an
air valve to absorb all the energy would
be mitigated and the air valve might
just be used to stop bounce back.
Later in the project I designed an
adjustable port valve which allows
the user to alter how much air can be
released by each module by a simple
sliding movement. This could control the
firmness of the pad for different height
climbing, or different weight climbers.

I designed and 3D printed a pressure relief
valve that uses a metal spring connected
via an adjustable screw to keep the valve
cover closed until pressure is applied to the
pad. I’ve done some initial testing of this
design and it seems to work fairly well,
with an adjustable range of pad firmness
being “dialable” by how much the screw
is screwed in or out. Whether or not the
force of the spring, and the upper and
lower limits of this valve are in the required
range for actual bouldering is still yet to
be determined and would be something to
tackle once the design is more finalised.
The material choice does have a large
effect on how air pressure works within
the pad and how it needs to interact with
the air valve. With the rigid material I’ve
used, X-Pac, there is very little stretch,
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The difference between the spring valve
and slider port valve is that the spring
valve allows for more air to flow at a higher
pressure. The slider valve just allows for
the diameter of the valve to be adjusted,
but not relative to the air pressure. The
difference between these is hard to
observe and record, but I hope to be able
to identify that the pressure-relief valve
could produce a firmer pad by holding
the initial air volume intact until the
pressure of the falling climber overcomes
the relief valve and it opens to let it out.

Under pressure
My initial assumption was that the airvolumes will have to contain pressurised
air, definitely greater than ambient
air-pressure, in order to absorb the
energy of a falling climber. This means
the idea to have a structure to self-inflate
the pad might be scrapped in place of a
dedicated, powered inflation system.
After some initial testing of the actual
prototypes it become clear that having
a completely air-tight design with
compressed air may not be necessary.
There’s enough durability in the fabric I’ve

Design Development / Prototype #1

used (XPAC VX 21), and the stitching
that Evan’s done that I think exploring
ambient air pressure designs will be
the best way forward here. By using an
internal structure that can re-inflate the
pads to their original height I can avoid
having to use pumps, or figure out a
complicated double volume recirculating
air system! Only if the ambient pressure
designs fail should I start to consider how
using a compressed air volume might
achieve better impact attenuation.

Internal structure

They’re positioned and offset in such a way
that if you take any vertical cross-section
of the form there’s actually only 50% foam
and 50% air. By creating these holes, I
can reduce the compressed height of the
foam from ~30mm to ~20mm. While this
only seems like a marginal gain, it adds
up when there’s lots of pads stacked on
top of each other. Whether or not this
softens the pads too much when stood on
will need to be assessed when real world
testing occurs as the reduction in foam
mass does increase the re-inflation time.

The structure designed to provide the
self-inflation was essentially a hexagon
shaped tubular ring with lots of holes cut
into it. This ring fits snugly inside the pad
and pushes on each corner of the hexagon
to maintain its shape. The only other
structural element is a 20mm thick “cap”
of rigid closed-cell foam that’s designed
to distribute the force of impact over the
entire pad instead of just at the point of
impact. This cap also works as a severe
bottom out protection in the event of
failure of, or out of limit forces on the air
volume – it’s quite critical to the design.

The holes that I’ve cut in the sidewalls
of the hexagonal foam ring are there to
maximise the compressibility of the foam.
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Directions explored based
on learnings from the first
prototype.
The completion of the initial
prototype gave me lots of insight into
future possibilities for this project.
It allowed me to explore different
valve designs and internal structures
and really get a feel for how it might
work. It also led me to question (and
resolve) exactly what I want this
crash pad to be. Should it be a large
volume and super-safe high-ball
pad, or an ultra-light, ultra-portable,
but less safe “exploration pad”?
The market already has pads in both of
these categories, although none in the
latter that’s specifically so small that
they can be readily carried on a bike
or a backpack. Given this evidence I’m
leaning towards producing a smaller
pad, designed for limited height
climbing that’s ultra-portable.
With this change in focus also comes a
slight change in the goals of this project.
The concern to make a pad that’s safer
than existing pads is now diminished.
As long as I can make a pad that’s as
reliable and similar in performance to
existing pads of the same nature, then I
believe the project will still be successful.
From the user testing and drop-testing of
the first prototype I came up with a list of
changes I’d implement in the 2nd prototype.

1. Need a connector on the bottom as
well as the top to prevent pads from
separating if you land on a seam
(the hex idea didn’t work as well
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as expected in mitigating this). Or
perhaps a hook and catch mechanism
to keep them together might be
simplest, as hook and loop might get
too dirty on the bottom of the pad.
2. Need pull-tabs on the hook and loop
flaps so they’re easier to undo.
3. Make the pad a bit smaller, so it’s
more in line with a small-medium
size pad than a large pad.
4. Investigate pad thickness – does it need
to be that high? How would that affect
the air volume and impact attenuation?
5. Look at valve placement and design
to allow for optimal compression
during storage, and maximum safety
in terms of how it can be hidden
from being hit by the falling body.
6. A handle system for carrying the
prototype without dismantling it.
Useful when moving short distances
between climbs and for positioning
the pad under the climber.

Design Development / Modular connection mechanisms

Modular connection mechanisms
G hook was chosen as it can lay very
flat (it’s only 5mm high) so it doesn’t
contribute to the overall height of the
pad, and doesn’t pose a potential sharp
point for the climber to land on.

From the testing conducted on the
first prototype it was clear that my
idea around having hexagonal hook
and loop seams was inadequate in
preventing the pads from splitting
apart at the bottom, causing dangerous
cavities with little fall protection.
A secondary connector was required on
the bottom edge of each pad so they
could not separate. I initially thought of
using hook and loop again and making
a double-sided pad, but then realised
that the hook and loop would get very
dirty if placed directly on the ground.
The solution for the 2nd prototype was
to use a simple G hook and webbing
system which would allow for quick
and secure attachment of the pads. The

The use and placement of this G hook
also gave me a bit of a Eureka moment in
realising it could be used to connect the
pads together when stacked for storage.
This could replace the compression sack
system I was planning on designing and
allow for the pads to be stacked in pairs
and then compressed together by pulling
on the straps attached to the G hook.
I modelled my own G hooks in Fusion
360 and through some 3D printed rapid
prototyping got them manufactured.
They’re strong enough as end-use parts
in PLA, but would be more ideal to be
laser-cut out of stainless steel or aluminium.
Due to the relative last-minute nature of
this feature of the pad I didn’t have time
to get these laser-cut as the school’s metal
laser was out of action. In hindsight, I spent
a lot of time designing and producing these
parts which could have been better spent
just buying in bulk online for a high price.

Prototype hooks made from steel, PLA and ABS
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Backpack carrying
system
Almost all existing crash pads on the
market have some sort of shoulder
strap and waist harness system
attached to allow them to be carried
like a giant backpack. Due to the
modular nature of my concept a
separated backpack system needed
to be designed for the pads to go into
that would allow for easy portage.
My first prototype included the design
of a 6-strap compression harness, but at
that point I hadn’t really thought through
how this could all be put into a backpack.
Once the prototype was built I discovered
that the dimensions were actually too
large to fit easily in either a vertical or
horizontal packing arrangement. If stacked
vertically on the climber’s back it protruded
outwards too far, and if stacked horizontally
it was too wide, and also too deep.
This discovery was the main reason to
then approach the second prototype with
more care to its sizing, to ensure it would
be a natural fit for the human shape. It
was during the reappraisal of these major
dimensions that I realised how it might
be good if the product could fit within the
regular baggage limit of more airlines as
an often griped about factor of existing
pads is there lack of portability to take
them on aeroplanes. The baggage size limit
for most airlines 158 linear cm, which is
calculated by adding together the height,
length and width of the piece. With these
limits in mind I reduced the dimensions
of each module from being a hexagon
with a point to point width dimension of
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500mm to 400mm. This reduction meant
instead of having 7 pads I’d need 12 (to
cover the same area), but with the increase
in quantity came a change in the packed
size which better reflected the needs when
carrying. It went from a short and wide
column, to a tall and narrower column
that suits the width of a human (450mm
is the average male shoulder width).
There’s some costs borne from this
change in dimensions which shouldn’t
be overlooked however. The increase in
pad quantity of 7 to 12 means a massive
increase in overall manufacturing time
and an increase in small parts cost. As
each smaller pad contains all the same
features as the larger pad it takes roughly
the same time to make a big one as it does
a smaller one albeit some minor savings in
how much actual sewing is done, but no
savings in the setup time of each sewing
movement. It also means more material
cutting and more connecting parts.
Everything is multiplied! So, with this in
mind it’s important to see if the benefits of
this form factor outweigh these production
costs. It might end better to have larger
pads after all. That’s modularity for you.

Design Development / Backpack carrying system

Box prototype, body storming and cad model of backpack
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Finished prototype of backpack carrying system for the Port-Air Pad

74

Design Development / Prototype #2

Prototype #2
I employed Evan again to make the
second prototype, which combined all
the learning and ideas from the creation
and testing of the first prototype. I
did a few things differently in the
production of this pad including:

1. Getting most of the complex fabric
and hook and loop shapes laser cut
2. Using X-PAC VX 21 material
throughout, instead of the
mixture of this and vinyl.
3. Specifying and supplying waterproof
zippers to be used to prevent any
unwanted air leakage through the zipper.
4. Specifying and supplying UV rated
webbing to be used for the connectors
(which ended up being the wrong
specification and I resorted to basic
nylon webbing supplied by Evan).

Solving some of the other issues
from prototype 1 included:

Preparing the fabric & hook and loop for laser cutting

1. A connector for the bottom of each
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pad - The connection method for the
bottom of the pad which I decided
upon was to use webbing straps and
loops sewn into the bottom seam of
each pad. I designed in CAD some
g-hooks that I then fabricated via 3d
printing to attach to the straps and allow
connection to either the adjacent pad, or
the pad above it when stack in storage.
2. Added pull tabs to the end of
each hook and loop flap to allow
them to be undone easier.
3. Make the pad smaller, to fit the
dimensions discussed earlier around
better human sizing, and getting
the packed size down to something
within airline luggage limits.
4. Investigated pad thickness – I concluded
that if the majority of the pad is using
air, then there’s very little weight or bulk
penalty in making the pad as large as
possible, so I kept the height the same
as the previous prototype. Another
factor in this was that I could reuse the
foam from the previous prototype by
keeping it the same height. If money
wasn’t an issue I would have potentially
looked at this aspect a bit closer.
5. Assessed valve placement and design to
allow for optimal compression during
storage, and maximum safety in terms
of how it can be hidden from being
hit by the falling body. The solution
at this point is to position the valves
at 3 of the 6 corners of the hexagon,
about 2cm up from the bottom edge.
The reasoning for the placement is
that it will optimise the airflow out of
the pads by pushing air into the cracks
between pads instead of directly into
the face of the adjacent pad. At this
stage I’m still prototyping different
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valve designs, but hope to land on
something solid by the end of semester.
6. Modifying each hook and loop flap
to become a handle by creating a slot
within it. This will allow the user to
easily drag of rotate the pad around to
be accurately situated under the climber
as they move along the problem.

I also got Evan to make me the backpack
system for the prototype, based on my
previous box prototype design. The
design of this was a bit of a collaborative
effort, as even though I’d done some
basic modelling in CAD and produced a
rough prototype Evan had been making
backpacks for many years and guided me
in all the right directions to make it look
very professional and functional. Little
things like the load lifters on the shoulder
straps, to the choice of thread, stitching
or binding to use is something that I
hadn’t researched, so was very glad to have
Evan there to make this all a reality.

Evan hard at work again, this time on the backpack.
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Further exploration of
forms
In between producing prototypes
one and two I explored some
different variations on the air-cell
and modular themes in case my main
development idea looked like failing.

Kerf cutting foam & origami
The idea behind these experiments was to
see if a design exists where foam could be
pulled apart to create pockets of air, which
would then provide impact attenuation.
In theory this can work, as is evidenced by
my experiments, but in practise the design
would need to involve the air pockets to
be air tight, which is fairly easy to do on
the side walls of each pocket, but very hard
to achieve on the top and bottom walls, as
the surface needs to expand and contract,
whilst still maintaining air tightness.
To see if I could develop a surface that
could do such a thing I looked to origami
to see how a series of folds might be able to
work in achieving this goal. Unfortunately,
due to the curved nature of the or the
pockets this proved impossible for me to do.
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Further thinking as to how I could create
rectangular or square shaped pockets was
conducted, but not followed through with.
It’s definitely something I might revisit if
the main modular idea lends to failure.

Overflow into other projects
I was concurrently undertaking a
Ceramics Fundamentals course at the
same time as this project, and many of
the ideas were cross-pollinated from
one to the other. Here we see how I
used the same kerf-cutting technique to
produce some abstract ceramic forms.
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Methods of Testing,
Evaluation and Validation
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Methods of Testing, Evaluation &
Validation
Since the beginning of this project
I’ve had a few key questions I
wanted to solve through testing
my prototypes. This chapter covers
those questions and test methods.
Primarily, what I wanted to test and
discover from a scientific perspective was:

1. How well does air act as an impact
attenuator compared to foam
2. What effect do the valves have on the
energy attenuation of the crash pad?
When they’re open, half-closed, shut etc.
3. What effect does different height foam
have on the crash pad’s compressibility?
4. How do my prototypes compare to
other examples on the market?

Drop testing
The UIAA 161 Crash Pads
“Determination of the critical fall
height” Standard states “When tested
in accordance with the test methods
described in the standard, the critical
fall height shall be determined as
the lowest drop height producing a
Head Injury Criterion value of 400.”
The test method described in the standard
involves a repeated drop test on 3 identical
samples and is based off the BS EN
1177:2008 Impact attenuating playground
surfacing. Determination of critical fall height
test procedure. This is the test method that
I’ve tried to replicate with my test setup.
However, actually passing this test and
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getting my pad certified is well beyond
the scope of this project. The aim here is
to explore and learn about how testing is
undertaken from a scientific perspective,
and see how I can record repeatable results
that could eventually lead to a coarse
understanding of the physics involved
in my concepts. Only then, with some
level of certainty attained that the pad
might pass the test, could I then send
them to the UIAA for actual certification
under their strict test conditions.

Initial test equipment setup & method
In the first semester, I used an Android
mobile phone running the Physics
Toolbox Suite app to record g-force
(using its built-in accelerometer). This
was able to record at 400Hz (400
samples per second) and up to 20g.
The accelerometer (phone) was strapped
to my ankle and I then climbed and
dropped from the top of an indoor
bouldering wall (about 4metres height).
G-force output is recorded to csv and
was then graphed and analysed.
It quickly became evident that this setup
didn’t have the sample rate required to
accurately capture the split-second impact
of the climber onto a pad, and the resulting
deceleration forces, so I went further down
the scientific path and developed my own.

Methods of Testing, Evaluation & Validation / Drop testing

The wireless, battery powered, internet connected accellerometer I developed capable of sampling at 3200 times per second.

Drop test rig development
I emailed RMIT’s Advanced
Manufacturing Centre as to whether
they had a drop testing rig – which they
didn’t. They also forwarded me onto
Milan Brandt (Professor of Advanced
Manufacturing), who then forwarded
me onto Mike Xie from RMIT Civil
Engineering, who responded that they
didn’t have such a device in the CE
department. I then emailed Steve and
Peter at APV-tech Centre (a crash testing
facility), and they quoted me $2000 for
use of their drop-testing rig with my
crash pad. Their facility has high-speed
cameras, accelerometers and dedicated
crash testing head form model to use.
With that amount of capital out of
my reach I resorted to using my prior
knowledge in electronics and DIY to build
my own apparatus. I ordered a ADXL345
accelerometer, capable of sampling at up to
3200Hz, which I connected to a Particle
Photon and transmitted data wirelessly

The final drop testing rig used scaffolding, ladder and a
pulley system to hoist the falling mass.
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via TCP/IP to a laptop running a Node.
js server. The project was connected to
a lithium polymer battery and put into
a waterproof and hardy project box.
Mounting the accelerometer was also a
challenge, as it had to be totally secured
so it couldn’t vibrate within the box it was
enclosed in, or in the way it was attached
to a falling body. The dichotomy between
the delicate electronics mounted to fragile
PCBs and the violent nature of the test was
an interesting engineering challenge. At
many times during the testing I thought
about the forces being applied to the
lithium polymer battery and how explosive
they can be. Anyway, it didn’t blow up
and everything was all fine in the end.
For the falling body, I initially used an
old stainless-steel beer keg which has
its top cut off. The keg weighs 20kg and
could be filled with other weights (bricks)
to simulate different body weights. This
setup proved to be troublesome due to the
rattling around of the extra weights, and
the form factor that the keg presented.
It got results, but they were noisy and
hard to analyse. I shifted from this setup
to a series of concrete blocks that were
strapped together with ratchet straps,
which matched the form factor of a climber
better, and didn’t rattle or move around.
To lift this falling body I used a series of
carabiners, rope and pulleys fixed to the
top of a ladder, which itself was placed on
top of a scaffold structure. The setup took
a few goes to get right, and near death
experiences were had when it all collapsed
at one point, but again everything was
fine. Science! The setup allowed me to
hoist the falling mass up to about 2 metres
high, which is fairly close to the height
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most climber’s feet will be at on a decent
boulder problem. Testing at higher heights
would be good to see, but unfeasible
for the setup I was using at the time.

Control pad

I borrowed a Black Diamond Mondo
pad from a friend to use as a benchmark
control in my testing. The Mondo is
one of the largest pads on the market,
with a large 1120mm x 1650mm surface
area and a thickness of 12cm. When
doubled over the 24cm thickness is very
close to the height of my pad, so it’s a
good benchmark to be able to use.
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Early attempts at the falling mass used an old keg,
filled with some bricks and foam padding. Noisy results
occurred from all the internal rattling and I moved onto
a better solution.

Science can be dangerous. The rig collapsed at one point
when the falling mass swung too much. Nobody was
injured, except for some slight emotional scarring.
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Falling mass weight

Test procedure
The test procedure that I
followed was as follows:

The concrete block setup I went with
weighed 38kg, which is roughly half
of the 77kg, the weight of a crash test
dummy (based around the 50th percentile
of average male weight). I chose this
weight so I could easily lift it with the
rope and pulley, but also thought that I
would be able to extrapolate the data by
multiplying it by 2 to get full weight values.

84

1. Photograph and record the height and
configuration of the test piece. E.g.
“23cm high prototype pad with air-valve
open and ring internal structure”.
2. Place the test piece under
the drop test apparatus.
3. Drop the falling weight from a height
of 2 metres (measured to the top of the
test piece, not the ground) onto the
pad or prototype to be tested whilst:
–– recording the g-forces applied to
the falling mass via a wireless digital
accelerometer sampling at 3200Hz
––recording video of the drop test
at 240 frames per second
4. Repeat this drop 3 times for each
test setup to ensure data validity.
5. Analyse the results in both
independent x, y and z axis, as
well as combined g-force.
6. Compare results and make conclusions.

Methods of Testing, Evaluation & Validation / Drop testing

Test results
All results graphed and presented here are the averages values from 3 drops
and show the positive sum of the x, y and z axis (combined g-force).
Values from noise that exceed the peak g-force curve depicted have been ignored as they
are the result of the rope and pulley system hitting the sensor as it collapsed onto of it.

Benchmark results
Grass cover ground - sum of xyz g-forces
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Dropping the weight onto bare ground produced a maximum
of 22g of force followed by an 8g bounce.
Pad thickness: 0cm

Single thickness Black Diamond Mondo Pad
mondo mat - single thickness - +sum of xyz
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Dropping the weight onto this pad produced a maximum
8g of force followed by a 1.7g bounce.
Pad thickness: 12cm.
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Double thickness Black Diamond Mondo Pad
7

mondo mat, doubled over - +sum of x y z
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Dropping the weight onto this pad produced a maximum
4.7g of force followed by a 1.3g bounce.

Pad thickness: 24cm.

Single Port-Air Pad with ports closed and support foam only
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Ports closed, support foam only

6

5

4

3

2

1

Time (ms)

Dropping the weight onto this pad produced a maximum
4.8g of force followed by a 1.4g bounce.

Pad thickness: 23cm.
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Single Port-Aid Pad with sealed seams and no ports, but full of foam.

Dropping the weight onto this pad produced a maximum
5.3g of force followed by a 2.1g bounce.
Pad thickness: 23cm.

Single Port-Aid Pad with ports open and support foam only.

Dropping the weight onto this pad produced a maximum
4g of force followed by a 0.9g bounce.
Pad thickness: 23cm.
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Single Port-Air Pad, but attached to 3 others with ports open and support foam only.
5

Ports open, support foam only, with 3 attached - sum xyz
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Dropping the weight onto this pad produced a maximum
4.3g of force followed by a 1.3g bounce.

Pad thickness: 23cm.

Single Port-Air Pad, but attached to 6 others with ports open and support foam only.
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6 attached, ports open, support foam only - sum of x y z
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Dropping the weight onto this pad produced a maximum
5.6g of force followed by a 1.3g bounce.

Pad thickness: 23cm.
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High speed video recording and
accelerometer synchronisation
I recorded video of one of the drop tests
to confirm what parts of the graph were
responsible for what interactions with
the pad. Previous to this I was unsure
what parts of the initial impact were the
ramp up of force, and what was the ramp
down. From this video evidence, it’s clear
that the peak of the g-force is applied as
the weight comes to a stop, and then the
reduction in g-force afterwards is the pad
pushing the weight back up until it starts
to go into freefall again and then bounce.
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Results for falling mass tests with fall height of 2 metres and 37.5kg weight
9

8

Figure 13. Summary results for falling mass tests
with fall height of 2 metres and 37.5kg weight.
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Mondo Single Layer

Mondo Doubled Over

Port-Air Pad w/ support
foam and ports closed

Port-Air Pad w/ seam sealed,
airtight

Maximum G-force

Test results analysis
The key results obtained from
the testing have been distilled
into the graph above.
What conclusions can I draw from these
tests? First of all, let’s look at pad height.
With the exception of the Mondo Single
Layer test, all the pads had roughly the
same height (within 1cm). The difference
in g-force between the Mondo Single
Layer and all the rest is roughly double.
This substantiates the physics around the
height of the pad being the major factor
in the softness or firmness felt by the
climber. The height of the pad directly
correlates to the softness felt as they are
decelerated slower the larger the height
of the pad is. To anyone who understands
basic physics this would be very obvious,
I’ve just included it here as proof that
my setup was working correctly.
Air tightness is the next factor that can
be observed. The test conducted with the
seam-sealed and completely air-tight
Port-Air pad showed the most bounce and
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Port-Air Pad w/ support
foam and ports open

Port-Air Pad w/ support
foam and ports open,
connected to 3 other pads

Port-Air Pad w/ support
foam and ports open,
connected to 6 other pads

Bounce

a slight increase in the firmness over an
unsealed pad, even with ports closed. Again,
this is an expected and fairly obvious result.
The effect of opening or closing of the
ports can also be observed here, with
the open port design exhibiting softer
characteristics identified by a lower
maximum g-force. The ports also affect
the amount of bounce, with the open
ports reducing bounce significantly.
The effect of connecting the pads together
is also evident, with the pad becoming
firmer as more pads were added to the
surrounds of the pad being tested.
Problems arise in trying to analyse this data
due to the fact that all the pads tested could
be considered to be operating safely within
their limits. If I was trying to find out
which pad would save you from the highest
fall I’d have to run consecutive tests from
ever increasing heights and weights until
the pads showed similar results to landing
on solid ground – i.e. bottoming out. This
kind of testing was unachievable with my
setup, as I couldn’t raise the weight higher
than 2 metres and the weight itself was
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also problematic to lift manually (or with
pulleys) beyond the 38kg weight I used.
At a more fundamental level though, these
results are generally positive in that they
indicate that my design can plausibly work,
and can potentially provide a very nice soft
“catch” for the climber. Furthermore, the
port design does affect the performance of
the pad, which shows promise for designing
a pad that could be dialled to either a soft
or firm impact attenuation response.

Expert user testing &
evaluation
I wanted to test and evaluate from
a UCD perspective the following:
1. How do people perceive the
pad’s design and form factor?
2. How do people perceive the
softness/firmness of the pad?
3. How do people perceive the setup
and packing away process?

With these questions in mind, and the
second prototype complete, I ventured
out to a bouldering area near Macedon
with elite boulderer and coach, Garry
Williams, to see what his impressions of
the Port-Air Pad were. I recorded audio of
the discussion we had while he was setting
up and using the pad and took photos to
document the process (see overleaf ). With
Garry’s permission, these photos are also
going to be used to promote the pad.
Garry had a mixed response to the pad. He
applauded its cushioning and versatility in
fitting into irregular shapes, but criticised
the complexity of the setup and pack down
process and the stability of the pad due to
its height. But along with this criticism

came some great feedback which has
spurred on ideas for further development.
The key feedback Garry gave is as follows:

1. Have the pads permanently connected
in threes to reduce the amount of
connections needed during setup. They
could be concertina folded so two pads
are hinged at the top and the other on
the bottom connecting to one of the
first two. Hook and loop can be used
to seal the top hinge and a bungee cord
or g-hook connecting the bottom one.
2. Explore reducing the height of the
pad (at a cost to impact attenuation).
This could help with the compaction
into the backpack system as well
as making the pad more stable. It
might diminish the air concept, but
foam is fairly compressible anyway.
3. Look at adding grip to the bottom
of the pad to stop it sliding around
on sloped terrain/landings.
4. Replace the 3D printed g-hooks
(two of which broke during the
testing) with either metal, or
stronger moulded plastic hooks.

The full transcript of the discussion
is available in Appendix III.

Critical reception
The ultimate way of validating this design
is to show it to the world and see what
the response is. I’ve purchased the domain
name portairpad.com and when time allows
I’ll design a website to promote the product.
To actually get it to a point that I could sell
will still be a while off, but I could spend
some time making marketing material
for a Kickstarter campaign to get funding
for, and garner interest in producing a
limited production run of the pad.
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User testing photographic documentation
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Approach

Finding a boulder

Unpacking

Assembly
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Keeping it together

Too many straps

Garry found it very lightweight and easy to carry

3D printing.

Actually jumping on it!
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The backpack also doubles as an emergency bivvy

94

Halloween costume idea
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Design outcome
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Design outcome
The second and final prototype
completed for this thesis is a
consolidation of my two major concepts
of modularisation and air compression,
along with a lot of small changes that
were decided upon based on the testing
and appraisal of the first prototype.

Features
Modular, connectable and tessellate pad
design that allows for variable arrangement
to suit the terrain and landing space.
Lightweight and easy to manoeuvre
with the multitude of grab handles, the
Port-Air pad is easy to reposition and use.
The pads are made from air-tight
Dimension Polyant X-Pac VX21
material, which is a rip-stop laminated
fabric that’s extremely strong,
lightweight and abrasion resistant.
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The pads connect together via alternating
hook and loop (Velcro) flaps on each top
edge, which create a consistent surface,
free of any continuous seam or weak point.
The bottom edges of each pad have an
adjustable g-hook on a strap that connects
to a loop on an adjacent pad. These
same g-hooks and straps are also used to
compress the pads together for storage.
The internal structure of each pad is
mostly air! There’s a hexagonal edge of
foam which provides enough support to
self-inflate a large internal air volume
within the pad in seconds. On the top and
bottom of the pad are two thin pieces of
firm foam which act as pressure dispersers.
They take the impact and spread it out
over the entire surface of the pad.
Air ports on the sidewalls of each pad,
restrict the airflow out of the pad when
it’s landed upon. The controlled release
of this air by the ports is the main energy
absorbing component of the design, and
allows the pad to have variable firmness.
Fall on the pad from a low height and the
air gets let out just fast enough to make for
a soft landing. Fall on the pad from a high
height and the air can’t get out fast enough
and the pad is much firmer to land on.
The carrying system is a large backpack
with a roll-top enclosure. Pads are stacked
into threes, compressed and strapped
together and then stacked inside the
backpack. The roll-top mechanism can
be used to compress the pads further and
reduce the overall packed height. Load
lifters and a waist strap make the backpack
very comfortable and the overall weight of
the system, with 9 pads is a meagre 6.6kg.
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Compression process

1. With one edge connected at the top, flip
one pad onto the top of the other.
2. Connect the g-hooks from the bottom pad to
the loops on the top pad, and then pull tight.
3. Using your knee, press down on both pads
and continue to pull the straps tighter until
the two pads are firmly compressed.
4. Place the compressed pads into the backpack.
5. Repeat 1-4 for each pair.
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Backpack
The backpack features a large roll-top
enclosure which can help compress the
pads further. Future prototypes might look
at just using this method of compression,
without the need for straps and hooks.
99

Design outcome / Major specifications

Major specifications
Pad Thickness: 22cm
Individual pad surface dimensions:
40cm from corner to corner.

Unresolved components
Air valve design

9 pad surface dimensions: 100cm by
120cm if arranged pseudo rectanguarly.
Weight: Each pad weighs ~500gm. 9
pads and the backpack weigh 6.6kg.
In comparison, the Black Diamond
Mondo weighs 8.1kg and although
it offers a slightly larger surface
area only has half the thickness.
Compressibility: Each pad can
compress by roughly 60% in height.
Packed size: The backpack is roughly
cylindrical and has a diameter of
45cm. Its height is adjustable via the
roll top mechanism from 70cm to
110cm, allowing storage for between
9 and 12 compressed pads.
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The air valve design is still unresolved
at this point in time. At late change
of direction from a circular to a slot
design hasn’t left enough time to get it
manufactured, installed and tested (I’m
still waiting on the 3D prints to arrive).
In addition to the manufacturing delays,
the need for the valves also came into
question when I realised that if I left the
zipper on the bottom of each pad partly
open that enough air would escape to
act in a similar fashion to a specifically
designed valve. Using a zipper as an
adjustable valve obviously isn’t a final

Design outcome / Next steps

solution, but it worked well enough
during the user testing that the pad didn’t
suffer from bounce, or bottoming out.
The air valve design could end up in the
long run simply being a metal eyelet,
or a series of them. This would remove
the ability for the user to change the
pad firmness, but would greatly simplify
and lower the cost of the pad. Finding
the specific diameter of those eyelets
is the thing I haven’t yet resolved and
requires further scientific testing of
the physical properties of the pad.

Level of modularity
For most of this project, my aim has been
to make a completely modular pad. By
complete, I mean that every pad could
connect to any other pad, and every pad
has all the features needed to be able to be
packed away with any other pad. It wasn’t
until the complexity of the connection
system became apparent (after I’d
prototyped it) that I realised a lesser level
of modularity might actually be better and
I needed to compromise on my initial goal.
The feedback I got from the user testing
session with Garry came up with some solid
new directions to improve the usability
of the pad by reducing the modularity
and having sets of three pads which are
permanently connected with fabric hinges.
The new directions might need to involve
a colour coding system, so people know
which pad goes with which, or some way
of making it very obvious how it could all
piece together. It’s definitely something
I’ll undertake in the next prototype.

Next steps
Further scientific testing
Very late in the semester I realised a good
way to measure how the air volume is
behaving inside the pad would be by using
a barometric pressure sensor. It could
record the momentary increase in air
pressure as the climber hits the pad and
then the subsequent drop in pressure as
the air is released through the air ports. By
charting different port apertures, one could
hopefully discover the sweet spot between
impact attenuation, firmness and fatigue
put on the materials used. I’ve ordered
the parts needed to make this sensor,
but will have to leave the testing in this
manner until after this thesis is published.

More user testing
Besides the one quick outing to Macedon
I’ve had very little time in the semester to
get the prototype tested in the real world.
This is partially due to trepidation with it
failing, delays in the manufacture of the 2nd
prototype, and the ethical concerns around
testing something that could potentially
cause harm if it fails. More user testing
is required for consensus that the design
works and the usability of the product is
within acceptable limits for most climbers.

Another iteration
While the current prototype is functional
as a pad, the usability leaves a lot to be
desired. The next iteration will address
those issues, along with incorporating a few
new unexplored ideas to hopefully bring the
project closer to being ready for market.
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Conclusions
Approaches
The approaches I’ve taken to get to this
point are worth reflecting upon here.
The background research I undertook
in the physics and mechanics of impact
attenuators and falling bodies has served
me well in being able to now have some
level of discourse on the subject. The
drop testing which I completed, although
very time consuming and laborious,
was valuable in the fact that I am now
being able to quantify how well my pad
performs compared to others. Longer
term, if the project continues, I’ll be
able to reuse this setup to compare more
pads and prototypes, which is good.
The user testing completed is minimal
at this point, but what I have conducted
indicates that the product has potential,
but also suffers from complexity inherent
in the modular design. Further prototyping
is required, followed by more user testing
before it could be deemed a viable product.
Is it a solution to the problem? I set
out to design something smaller and
lighter than existing pads on the market.
I think I’ve achieved those goals, but
only marginally. It still has some way
to go, and potential for greater weight
savings and packed size. If I had my time
again on this project I think I’d focus on
either modularity, or the air concepts by
themselves, rather than trying to combine
the two. Although they lend to each other,
there’s various opposing factors that each
concept presents which complicates the
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other. A singular focus would potentially
solve the smaller and lighter issue
better than the combination of both.
The outsourcing of the prototyping
was a very rewarding and beneficial
approach to this project. Prior attempts
to make a prototype myself quickly
proved futile, and although if I had
have persisted I might have picked up
a new technical skill in learning how to
sew, I believe it wasn’t the right time or
place to undertake such endeavours.

Research findings
The drop-testing I conducted on the pads
was a positive start down a longer path
of research and development. At this
stage, all I’ve done is confirm a bunch of
very basic physics concepts to do with
energy absorption, falling masses and
the parameters surrounding that field
of study. This baseline knowledge isn’t
something I had previously, so it hasn’t
been worthless, but it could have been
easily passed off to an expert in the field (a
physicist), leaving me more time to focus
on prototyping or other forms of testing.
I didn’t get around to analysing the data
and producing the findings from these
drop tests until very late in the semester.
This was a huge mistake. It meant I didn’t
actually use any of the data, or more
importantly, the results from that data,
to inform my 2nd prototype. With this
in mind, it’s hard to claim any form of
legitimacy to my scientific process and

Conclusions / Difficulties

connection with my design outcome.
At least with this admission, comes the
learning that next time I do testing like
this I won’t make the same mistake.
The late discovery of the differences in
speed of a falling climber depending on
fall height, which ended up being easily
derived from a basic acceleration formula,
are something I wish I’d discovered in the
first semester. They were the vital key in
all the parameters I was exploring, and I’m
annoyed I didn’t realise this earlier and
follow this pathway closer. This range of
speeds, combined with knowledge of the air
volume and the time required to push that
amount of air through a variable aperture
could result in some definitive values, which
could be used to produce a very precisely
engineered product, which as well as
making me very happy to solve this riddle,
would be a great way to market the product.

Difficulties
Science is hard. Science involving both the
digital and analogue worlds is even harder.
The documentation of my drop testing
apparatus development in previous
chapters doesn’t portray the difficulty
I had in building or undertaking any
of this part of the project. Having to
understand an electronics sensor down
to the register and BIOS level is insanely
time consuming when you just want it
to work. The engineers who make these
things put up this heavily technical wall
of extremely detailed data sheets that
show how each and every function of
the device works. Getting to the level
where you know the required 1s and 0s
to change in order make those functions

behave requires having to wade through
and understand so many technical and
coding concepts that you keep getting
sucked into days and days of background
research just to get back to the original
issue, only to then have to jump over
another hurdle when you solve that one.
So, the physical electronics side of things
took 3 weeks to get right. The programming
side of things a further 3 weeks. The data
wrangling another 2-3 weeks. I conducted
over 370 drop tests, just to get the setup to
the point that it was reliable enough to all
work and produce consistent results. There
were many factors that made things difficult
such as intermittent Wi-Fi connections,
power issues, data rate issues and raw data
corruption. Then there were the physical
difficulties with the test setup that affected
accuracy such as the drag of the block
and tackle system during freefall, and the
aftershocks that the block and tackle made
as it landed on top of the apparatus. In an
ideal setup, a pull pin would be used, or an
electro-magnetic catch, so the system can
be in true free fall and there’s nothing to
interfere with the falling mass. This type
of engineering was out of my budget and
so I had to make do with what I had.
The opportunity cost of the development
of this test apparatus is hard to quantify
– would I have been able to make another
prototype iteration if I hadn’t done this?
Can the prototypes be safely tested by just
using them? What I’m glad about is that
now it’s complete I do have the ability
to test and validate my designs from a
scientific perspective whenever I deem
necessary. And as my supervisor joked,
why didn’t I just make the making of this
battery powered, wirelessly connected
drop test apparatus my project instead?
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Appendix I - Survey questions & results
How long have you been bouldering for?

35
32

13
7

5
Less than 6 months

6 months - 1 year

1 - 3 years

3 - 6 years

+6 years

Bouldering Crash Pad brand
popularity
17

7

Black
Diamond

Metolius

6

Organic

6

Madrock

3

2

Edelrid

Moon
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Why people boulder
72

FOR FITNESS & HEALTH

66

TO SET PERSONAL CHALLENGES AND GOALS

59

FOR SOCIAL ENGAGEMENT

48

FOR MENTAL HEALTH

47

TO EXPERIENCE BEAUTY AND NATURE

45

TO TRAIN FOR ROPE CLIMBING

27

YOU LIKE CALCULATED RISK ACTIVITIES

5

FOR FUN

2

TO TRAIN FOR COMPETITONS
0

WAS THE INJURY SUSTAINED FROM LANDING ON A
CRASH PAD?
Indoor

Outdoor

10

20

30

40

HAVE YOU EVER INJURED YOURSELF FROM A FALL IN
BOULDERING (EITHER INDOORS OR OUTDOORS)?
Yes

No

50

60

70

HAVE YOU EVER BOULDERED OUTDOORS BEFORE?
Yes

No

No

12%

32%

35%

39%

68%

26%
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Ranking of purchase criteria for bouldering pad owners
Usable size

Amount of shock absorption

Durability

Price

Ease of use of folding system

Weight

Harness comfort

Folded / packed size

Extra featu res
0

10

20

Very important

30

Kinda important

40

50

60

Not important

Ranking of purchase criteria for boulderers intending to buy a crash pad
Amount of shock absorption
Durability
Price
Usable size
Folded / packed size
Weight
Ease of use of folding
Harness comfort
Extra featu res
0

2

4
Very important

6
Kinda important

8

10

12

14

16

Not important
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How often do you go bouldering outdoors (on average)?

30

19

12

12
7

0
Once a day

Once a week

Once a fortnight

Once a month

Do you own a bouldering crash pad,
or intend to purchase one soon?

Once every quarter

Once every year

Gender

69

48

22

18
14

1
Male

Yes

No, but intend to buy one
soon

No

Respondent Age
37

37

15

1
Under 18
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18-29

30-39

40-49

1

1

50-59

60+

Female

Not Answered
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Appendix II - Project Schedule
Weeks 4-6
»»
»»
»»
»»
»»

Produce 3 prototype shells with Evan
Investigate bladder designs
Work on valve designs in CAD
Source or develop a drop test rig
Prepare for Wk6 presentation

Weeks 6-8

»» Finalise a bladder design and begin testing of prototypes
»» Finalise drop test rig setup (and accept its limitations) if I can’t source one.
»» Produce 3D printed (or other manufacturing method) valve designs

Weeks 8-10

»» Undertake and complete drop rig testing and start analysis of test results
»» Investigate directions to take based on test analysis and follow those directions.
»» Produce the version 2 prototype to allow for real-world testing.

Weeks 10-12
»»
»»
»»
»»

Conduct real-world testing with the version 2 prototype.
Analyse and writeup thoughts and comments from testing.
Produce a more professional compression strapping and harness system if there’s time.
Documentation and report writing

Weeks 12-14

»» Documentation and report writing
»» WK13 – Graphic Design of book – layout inDesign
»» WK13 – Binding and print productions

Weeks 14-15

»» Submission of booklet
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Appendix III – Expert user testing interview &
discussion
We travelled to Cobaw, near Mt Macedon
and hiked up to a nearby bouldering spot.
I recorded audio of the entire process as
well as documentation via photography.
Garry Williams, elite boulderer, and
head coach at Northside Boulders.
Usage
G: The thing with it being higher, is
that is has less inherent stability, just
like when you fall on a heap of pads.
It’s a bit slippery on the bottom. You
could add grip to the bottom. I’ve
seen pads with grip on the bottom.
It’s pretty easy to reconfigure the
pads once they’re out though.
G: I would go through all this setup,
if I could pop it in a backpack. Or if it
could fit inside another pad. If I could
take it on an aeroplane in carry-on.
M: I designed it so it fits into
checked luggage and wouldn’t be
oversize. Carry-on size it going to
take a lot more development.
* Jumps onto matt and it slides
a bit on the slope *
G: That was good. Any mat that’s
going to slide though, especially
on a sloping landing.
I feel a bit scared for my knees
due to the landing.
Yeah, it’s got that wobble. The base isn’t
sliding, it’s the trapezium nature of it,
due to it being so high. It might be
that you can sacrifice that height and
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still be ok. What if you cut a little bit
of foam out, and use air pressure.
You could compartmentalise each cell to
allow for the lower height. Exactly the
same as it is in dimensions, but inside
it’s split into two by a cell membrane.
Could be that you can change the pressure
inside by flow dynamics. *jumps onto
matt* Ok. It’s not bad. I can take that fall.
There’s room to go in the development.
Whether this idea is a good direction
to go or not, it’s a good project.
* Jumps off pad. Breaks g-hook * As the
pad tried to buckle, this was doing its job.
Then it’s failed. It’s broke. 3D printing hey.
That fits really nicely into this rock.
The contour of the rock matches the
hexagonal edges very well. It’s not going
to work all the time, but neither do square
pads. You could use triangles that make
straight lines perhaps. It’s something
to discuss in your essay I guess.
I want to fall on this more.
Packing up.
G: Talk me through the compaction
process. Having it away from being
modular, and have 3 together. Or use
longer straps to connect ones that are
further apart. If you attach them in the
right way, they could compact and then
flop out and be ready to go. If you wanted
to stuff around making it a different
shape you could, but by default you get
a fairly regular shaped and good pad.
It goes in 3s yeah. Can I just fudge
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it? You can just put them all in the
bag and then compress them. You
can get about 7 in there like that.
If there was elastic, or something quick
and strong. A net wouldn’t work. What
do you do when you’ve matched them
up differently? Yeah this is slightly
challenging conceptually. This will be the
sort of place that it falls down. If they were
connected into 3s already and then flipped
over and strap, strap, that’d be better.
* Trying to get compressed pads into bag
* I’m your clientele. And unfortunately,
your clientele is a little impatient. All of
this would be worth it, if there was another
gimmick that encouraged you to go through
this pain. Making them into squishy shapes
made it harder. If each one was a bit thinner
then it’d be easier to stack them together.

115

Appendices / Appendix IV – Sketch Development

Appendix IV – Sketch Development

116

Appendices / Appendix IV – Sketch Development

117

Appendices / Appendix IV – Sketch Development

118

Appendices / Appendix IV – Sketch Development

119

Appendices / Appendix IV – Sketch Development

120

Appendices / Appendix IV – Sketch Development

121

Appendices / Appendix IV – Sketch Development

122

Appendices / Appendix IV – Sketch Development

123

