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EXECUTIVE SUMMARY

Little information is available to Australian ridgeregarding the likely level of protection
provided by different brands and types of protectothing. Australian manufacturers
and importers are not subject to any mandatorydsrals in relation to protective clothing
except for helmets. For these reasons, VicRoadisnding a project to investigate the
possibility of a system in Australia whereby congusnhave access to information about
some of the key safety characteristics of protectiothing, which they may then use in
making purchasing decisions. This project addseske first component, the literature
review and development of a model for a safety ‘sting’ system for protective clothing.
Later stages will include a market research studlyaaresearch study into the feasibility of
implementing a ‘star rating’ system for protectolething.

This review of the literature addressed the follogvissues:

1. The key types and features of protective clothingt tcould form the basis of a
safety ‘star rating’ system

2. The injury protection mechanism that operates wiie of different items of
protective clothing

3. Any new products, fabrics and technologies thatraitl exist when the Standards
Australia ‘Motorcycle protective clothing: guidedia for manufacturing’ was
published in December 2000

4. Any research into the safety qualities of protextlothing after this date

Key elements

The key elements to be considered in evaluating itipgy protection functions of
motorcycle clothing are:

e The structurally strong layer(s) of material(sfenms of abrasion, cut, tear or burst
resistance. Some textile garments may be constradftenultiple layers of fabrics
which, individually, do not meet the requirementshe standards, but collectively
provide the required performance.

e The material and construction of the inner linilgwld be a full and separate inner
shell of fabric to reduce sheer forces on bodyu&ssom the structurally strong
layer(s) during impact or while sliding over thegnd.

e The construction in terms of the strength and intg@f seams and fastenings to
ensure they do not burst on impact.

e The design in terms of comfort, fit and ease of emgnt that does not create
safety hazards.

Physical testing is required to determine the exterwhich a particular item of clothing
performs these functions, it cannot be determingdhbpection. Appropriate tests have
been devised to support the European Standardéddtmrcycle Protective Clothing.

The key elements to be considered in evaluating itip@y protection functions of
motorcycle gloves include:

e Abrasion, cut and burst resistance.
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Coverage of the full hand and wrist

Fastenings that prevent the gloves from being dudié

Abrasion resistant material on the base of the @adchwrists.

Impact protection over the knuckle

No potential tear points such as uncovered coalérgs on the back of the hand.
The construction and means by which any addititayedrs of material are attached
as double stitched on top of the main protectiyerarather than inserted into the
shell as a separate double section.

Absence of any hard seams or other sharp edgesasustuds, staples or buckles
penetrating the protective layer of the glove.

Inclusion of features such as webbing betweenittie finger and the next finger
to prevent twisting injuries in an impact with tlead.

The key elements to be considered in evaluating itipgy protection functions of
motorcycle boots include:

Height to cover foot, ankle and shins.

Impact protection for the shins, instep and ankles.

Fastening that prevents the boots from being pulféd

The abrasion and cut resistance of the upper raateri

The crush resistance of the sole.

The strength of the bond attaching the sole taiper.

The thickness of the sole and the depth of cleatsit

The clearance from the edge of the sole to the upperevent the foot from
overhanging the edge of the sole.

The fuel oil resistance of the soles

The injury protection mechanisms of different itemsof protective clothing

Research into protective clothing has followed tpaihs. One has been to identify the
features of the optimal materials to protect tdens body in the event of a crash, the other
has been to explore the options for absorbing fiecteng the energy forces of an impact.

The injury protection mechanisms of materials eetat

Abrasion resistance to determine how long the radterill last in a fall when
being abraded against a hard metalled road or sadiace in a typical 50 km/h
crash.

Tear and cut resistance, required to ensure theri@matannot be cut, penetrated or
torn by sharp objects in a crash.

Burst strength to ensure that seams, fasteningshenchaterial itself will not split
open on impact.

Reduction of sheer forces on body tissues by teeofisining fabrics which permit
movement between the lining and structurally strémger(s), but which do not
move across the surface of the wearer’s skin, spoese to lateral forces from
direct impacts or while sliding along the road.

Retention of garment in place during an accident.

The other path has been the search for a way &ldsttie rider from the impact of a
collision. Helmets have demonstrated the feasybdf achieving this for the head, but it

Vi

CENTRE FORACCIDENT RESEARCH ANDROAD SAFETY - QUEENSLAND



has proved a far more difficult task to developeefiive armour for the rest of the body.
While clothing cannot be expected to absorb impaetgy, forces can be reduced. Impact
protectors are designed to attenuate the energy ahpact by spreading it across a wider
surface at a less damaging rate.

New products, fabrics and technologies

New products include impact protectors, neck bragystems and airbag jackets.
Developments in textile science have enhanced ¢nfonmance of motorcycle clothing
products in areas such as abrasion resistance, pratefing and temperature regulation.

Back protectors are a type of body armour whichldggesn gaining acceptance over the past
two or three years, particularly since the isswofghe EU standard for back protectors in
2003. Neck braces aim to decelerate the headconaaolled manner, while at the same
time reducing dangerous ranges of head movemeortdier to reduce the bending forces
(torque) on the cervical spine. A limiting factiorthe development of neck braces and
body armour has been the need to ensure it doedet@tct from the wearer’s fitness to
ride either in terms of comfort or manoeuvrability.

Several companies are developing and marketindpdgijackets” that inflate when the
rider is thrown from the motorcycle. At this stagsearch suggests that while the concept
of airbag jackets is appealing, there are manylemgés still to be solved before they
should be commercialised. There are a number pbitant limitations to the potential
injury reduction benefits of these products.

Both the CSIRO and a British firm, d30, are develgdlexible polymer-based materials
that harden immediately upon impact and are cugranvestigating the possibility of
application to motorcycle protective clothing.

Developments that make protective gear more coafi@tto wear in hot weather are

important to increase wearing rates. New syntheiiterials are being developed that
incorporate high abrasion resistance and improvearer comfort across a wide range of
ambient temperatures. “Smart textiles” with PCMgBe Change Materials) are being
incorporated into clothing and interact with thangk temperature to provide a buffer

against temperature swings. As the body temperanhareases, the excess energy is
absorbed by melting the PCM. As the body tempeeatinops, the PCM turns solid and

releases the stored energy. New tanning treatrhentsalso been developed that diminish
the warming effect of sun on leather.

Recent research

The Motorcycle Accident In depth Study was the nemshprehensive recent contribution
to knowledge about motorcycle crash injuries andonmaycle protective clothing. The
MAIDS investigators concluded that motorcycle potitee clothing prevented or reduced
injury for between 95% (head and hands) and 84%efladorso) of protected riders. It
prevented injury for between 49% (head) and 15%dtaorso) of protected riders. While
such studies affirm the general benefits of protectlothing, they do not distinguish
between the specific features of items that pravid#ective protection from those that
failed.

Recent Australian observational studies show tiolrs are more likely to wear jackets
than pants (despite the high probability of lowsrd injuries in crashes) and that riders of
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sports bikes (and others on longer rides) appeae riikely to wear protective clothing
than riders of scooters. Pillions are less likelyvear protective gear than riders.

The European Standards for Motorcycle Protective Qithing

Under the European Directive on Personal Protedigeipment (1989) any clothing
claiming to provide protection from injury must tested and labelled as complying with
the requirements of this legislation. European @&eas are the normal mechanism for
determining a product’s compliance, and conformmgducts will bear the “CE”
(Conformité Européen — European Conformity) markis applies to all safety equipment
not just for motorcycle apparel. Under the direetia product can only be described as
“protective” if it provides protection from injurythe term cannot be applied to products
that provide protection only from non- extreme aambiweather conditions.

The first standard to be issued for motorcycle geas for impact protectors, which was
released in 1997 (EN 1621-1). Standards have dsieea issued for gloves (EN 13594),
boots (EN 13634), jackets and pants (EN 13595 Rasts1) in 2002 and lastly for back
protectors (EN 1621-2) in 2003. Each has a differeimber and clothing that complies
must have been tested and labelled with the CE raack the appropriate standards
number.

The Standards specify the test process and equipmen which they must be performed.
The tests measure performance in relation to tweldeof performance in providing
protection against road impacts.

Level 1: Clothing designed to give some protectwhilst having the lowest
possible weight and ergonomic penalties associattdts use.

Level 2: Clothing providing a moderate level of fgwion, higher than that
provided by level 1. There are however, weight aedtriction penalties in
providing this level of protection.

The requirements for performance in the impact sbra impact cut and burst strength,
are higher for level 2 than for level 1; howevee tfequirements for tear strength and
impact resistance are the same for each level. thadards also include detailed
requirements as to the placement of impact protecad the fit and ergonomics of the
whole garment.

The Cambridge Standard, on which the European Stdadvere based, has a Level 3 for
higher performance in protecting the rider.

Consumer testing

The UK motorcycle magazine, Ride, conducts andipl$ consumer tests on motorcycle
protective gear which are based on the Europeard&tds. For motorcycle jackets, pants
and suits, the results of testing are reported wéparate scores for Abrasion, Burst
resistance, Impact, Warmth and Waterproofing anawaarall combined score. The test
results for gloves have separate scores for Patas®in, Knuckle impact, Seam strength,
Wrist restraint and Road testing and an overalllmoed score. The results for boots have
separate scores for Protection, Waterproofing, Waramd Road testing and an overall
combined score.
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Models for the proposed rating system

Leaving aside the difficulty in introducing mandagtostandards in Australia, it is

considered that mandatory standards such as thdsgrope are unlikely to bring about a
marked improvement in motorcycle protective cloghimithout substantial allocation of

resources to enforcement of the standard whicmbaseccurred in Europe and is unlikely
to occur in Australia. Therefore two models fatar rating system are proposed.

Model 1: A voluntary star rating system where nfaoturers or distributors can display
the claimed star rating on a swing tag on the gatme that the potential purchaser is
provided with information about specific items lag fpoint of sale. This would need to be
accompanied by some publicity regarding the sttingasystem that explained the system
and encouraged purchase of items with many sta fat purchasing unrated items).
The publicity would also encourage manufacturesgrithutors to participate in the
scheme. Random audits of the compliance of timsiteith the test procedures would be
required and could potentially be funded by a Igteg fee associated with participation in
the rating system.

Model 2: A system in which the accrediting bodyghases and tests garments and
publishes the safety ratings. This would be siniethe Australian New Car Assessment
Program. Like ANCAP, it could utilise Europeandings where the same item is sold in
Australia and Europe.

An example of a star rating system for jackets,t9@md suits is provided in the report.
The example is simplified because it does not setddferent requirements for different
zones of the garment. The two star rating is Hyohdsed on the requirements for EN
13595 Level 1 clothing, whereas the four star catig broadly based on the Level 2
requirements. The five star rating is based on rdguirements of Level 3 of the
Cambridge Standard. The one star rating corregptmthe requirements for EN 13595
Level 1 clothing but for Zone 3 in that Standardihe three star rating is intermediate
between EN 13595 Level 1 and Level 2.

It is proposed that a star rating would be basedadety performance, weather protection
and ergonomic performance. Otherwise, a disregawkather protection (thermal control

and waterproofing) and ergonomic performance (wdrethe rider can actually ride while

wearing the product) could quickly damage the dti of the star rating system as a
useful guide for consumers.

One of the issues to be addressed in the next stdbis research is whether the star rating
should be presented as an overall score, or whattees should be provided with the star
ratings for the individual criteria. If an overatiar rating was chosen, then how the results
from the different tests were combined would needbé considered. The way in which
the weather protection and thermal comfort testslevbe incorporated as part of the star
rating system would depend on whether there wasvanrall star rating or whether stars
were awarded for individual components.

MOTORCYCLE PROTECTIVE CLOTHING LITERATURE REVIEW AND DEVELOPMENT OF A SAFETY
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1. INTRODUCTION

1.1 BACKGROUND

Motorcyclists are among the most vulnerable roagtgjsn Australia and internationally.

Motorcycle riding is much more likely to result imury than car travel, and the resulting
injuries are likely to be more severe for motorwstsl than for vehicle occupants. Fatality
and serious injury rates have been found to be mhare 20 times greater for motorcyclists
than car drivers, with brain and orthopaedic irganprevalent.

The factors that have been identified as contmigutio the over-representation of
motorcycles in serious crashes include:

Vulnerability to injury

Inexperience or lack of recent experience
Driver failures to see motorcycles
Instability and braking difficulties

Road surface and environmental hazards
Risk taking

The aim of protective clothing is to reduce thenmaudbility of motorcyclists to injury,
particularly in crashes at lower speeds. A largeniper of studies since 1976 have
confirmed that protective clothing can reduce ttegjiency and extent of abrasions and
lacerations of the skin and soft tissue in motdecyarashes (reviewed in de Rome &
Stanford, 2006). These findings have led roadtgagencies to encourage riders to wear
full protective clothing (gloves, boots, and jacked pants, or suit). Yet little information
is available to Australian riders regarding theeljk level of protection provided by
different brands and types of protective clothimgustralian manufacturers and importers
are not subject to any mandatory standards inioeldb protective clothing except for
helmets. Standards Australia published its ‘Moyole protective clothing: Guidelines for
manufacturing’ in December 2000, but these gui@sliapply only to clothing (not gloves,
impact protectors and boots). There is little moe for manufacturers to apply the
Guidelines as there is no regulatory requirementmeans of demonstrating compliance to
their customers. The Guidelines were essentialet on the draft European standards,
however rather than require the construction otigieed test equipment; the authors
applied testing methods that were available in Alist In particular the abrasion tests
undertaken using the locally available Martindadst tequipment, were found to be less
than ideal as that equipment cannot replicatertipact shock, friction heat nor directional
abrasive demands of a road crash.

For these reasons, VicRoads is funding a projeatvestigate the possibility of a system
in Australia whereby consumers have access tonrdtion about some of the key safety
characteristics of protective clothing, which theyay then use in making purchasing
decisions. One way of providing this informatianby means of a safety ‘star rating’
system, but other potential approaches will alsonbestigated.

There are three components to the overall proieatliterature review and development of
a safety ‘star rating’ system, ii) a market reskastudy and iii) a research study into the
feasibility of implementing a ‘star rating’ systefor protective clothing. This project

addresses the first component, the literature wexaad development of a model for a
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safety ‘star rating’ system for protective clothinghe second and third components will
be conducted under separate contracts.

1.2 PROJECT OBJECTIVES
The aims of the project are:

¢ to identify the important features of motorcyclefactive clothing; and
e to develop a safety ‘star rating’ system (or aaralative system) to help consumers
with their purchasing decisions.

1.3 STRUCTURE OF THE REPORT

This report begins with a review of the literatysertaining to motorcycle protective
clothing, then discusses the usefulness of stamsdeedsus safety rating systems as
methods for providing consumers with access tormétion about the safety performance
of items of protective clothing. It finishes witacommendations for the remaining stages
of this project.
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2. REVIEW OF THE LITERATURE

This review of the literature addresses the folloyissues:

1. The key types and features of protective clothingt tcould form the basis of a
safety ‘star rating’ system

2. The injury protection mechanism that operates wiie of different items of
protective clothing

3. Any new products, fabrics and technologies thatraitl exist when the Standards
Australia ‘Motorcycle protective clothing: guidedis for manufacturing’ was
published in December 2000

4. Any research into the safety qualities of protextlothing after this date

The methods used in this review included the tiadhtl literature review methods,
supplemented by consultation with importers, distiors and manufacturers of protective
clothing and importers and distributors of fabrics.

This review also summarises recent research irtterpa of purchase and use of protective
clothing in Australia to provide an insight inteetfactors to be considered when providing
information to Australian riders.

The scope of this report is largely restricted teroad motorcycling. However, where
some developments or features in protective clgtiiar off-road riding are of potential
application to on-road riding, these are discussed.

2.1 KEY TYPES AND FEATURES OF PROTECTIVE CLOTHING T HAT
COULD FORM THE BASIS OF A SAFETY ‘STAR RATING’ SYST EM

Any discussion of motorcyclist clothing should firdistinguish between the different
protective purposes for which it may be worn. Moyglists’ clothing may:

1. Prevent or reduce injury in the case of a crash,
2. Protect from the elements — wind, rain, cold anat he
3. Draw the attention of other motorists (conspicuity)

Our focus is on protection from injury, althoughogaction from the elements and
conspicuity are also safety issues for motorcyglist

Protection from the elements acts as a safetyredtyreducing the effects of dehydration
and physiological stress which can increase crs&h Physiological stress occurs when
the body has to work to counteract the effects stamfort. Symptoms include
distraction, loss of sensation and thereby opearatioontrol, dulled responses and reaction
times, impaired motor responses and fatigue (Wob@86, EEVC/CEVE, 1993).

The potential for clothing to increase a riderssimility to other motorists is less well
established. However it is an issue that every mgeds to consider, because failure of the
other driver to see the motorcyclist is a primaoytcibuting factor in many motorcycle
crashes. Failure to see the motorcyclists wagtimeary contributing factor in 37% of all
motorcycle crashes investigated in the Motorcyctxident In-Depth Study - MAIDS
(ACEM, 2004). Although the researchers found noaappt contribution of garments to
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the conspicuity of the rider in 65% of crashesytde report that dull or dark clothing
may have decreased conspicuity in 13% of cases.

Protective clothing generally includes a long sézkyjacket and long pants, or one piece
suit, gloves and boots, made of leather or othéridawith high abrasion and tear
resistance. Most modern protective clothing atsdudes some impact protectors which
are designed to attenuate force at specific impattts. The challenge for manufacturers
is to provide protection from injury as well asrfrahe elements (wind, rain, cold and heat)
without restricting ease of movement or creatimgsst fatigue.

2.1.1 Jackets and pants or one piece suits

Leather has been the traditional choice of motdistgcbecause of its reputation for high
abrasion resistance. However the protective qualfitgny leather product depends on the
type and grade of leather, how it has been tremtddn the design and construction of the
garment (Woods, 1996). What appear to be simi@hé&rs may perform very differently
when tested due differences in the age and condibib the animal, post-slaughter
deterioration of the skin prior to tanning and tagmmethod (Woods, 2004).

There are also a number of modern textiles nowgoginmoted by clothing manufacturers
as abrasion resistant, that have the added bermfés leather of being lightweight,

flexible and providing better ventilation and waerofing. However, the only way to

determine whether a particular material (leatheabric) is suitable is to physically test it.
Appropriate tests have been devised to supporEtlhepean Standards for Motorcycle
Protective Clothing (see Section 3.2). Testing qrened by accredited facilities on behalf
of consumer magazines indicate that the majoritguzh textile garments do not perform
as claimed in the impact abrasion and impact cststeand fall substantially below the
requirements of the European Standards [Ride 2004].

The key elements to be considered in evaluating itip@y protection functions of
motorcycle clothing are:

e The structurally strong layer(s) [footnote: defined clause 3.5 of EN13595-
1:2002] of material(s) in terms of abrasion, caartor burst resistance. (Note:
some textile garments may be constructed of mealtiplyers of fabrics which,
individually, do not meet the requirements of ttendards, but collectively provide
the required performance).

e The material and construction of the inner linilgwld be a full and separate inner
shell of fabric to reduce sheer forces on bodyu&ssom the structurally strong
layer(s) during impact or while sliding over theognd. Lining should ideally also
have a high melting point to prevent it from megtimto the skin from fire or
friction heat.

e The construction in terms of the strength and inte@f seams and fastenings to
ensure they do not burst on impact. Fastenings ensire the garment stays in
place and not in themselves cause injury. For el@amippers and buckles may
penetrate the rider’s body under impact unless@p@ate manufacturing practices
are adopted to prevent this.

e The design in terms of comfort, fit and ease of emgnt that does not create
safety hazards. For example, jackets with extgnakets or straps may snag on
the motorcycle or other vehicle in a crash. An utteled external surface, free of
protrusions, is therefore desirable.
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The key elements to be considered in evaluatingvibather protection provided by
motorcycle clothing are:
¢ Provision to allow insulation from cold temperatisad ventilation in heat.
e The design and fit of openings (neck, wrists andgstyacoverage of zippers, seams
and other fastening points to prevent wind entiy l@at loss.
e The design and fit to reduce flapping and wind étifig which forces warm air
out.
e Waterproof breathable fabrics to protect the riffem rain, without sweating
which can quickly result in heat loss.
o Waterproof seams, pockets, cuffs and neck openings.

2.1.2 Gloves

About 57% of motorcyclists in crashes sustain apaioh to their hands or wrists (ACEM,
2004). Motorcycle gloves need to be sufficiendipust to provide protection from injuries
in a crash without restricting the rider’s ability operate the controls. There is evidence
that gloves can reduce or prevent some injuriesEMC2004). The key elements to be
considered in evaluating the injury protection fumas of motorcycle gloves include:

Abrasion, cut and burst resistance.

Coverage of the full hand and wrist

Fastenings that prevent the gloves from being gudié

Abrasion resistant material on the base of the @addchwrists.

Impact protection over the knuckle

No potential tear points provided by features sashuncovered cooling vents on
the back of the hand.

The construction and means by which any addititayedrs of material are attached
as double stitched on top of the main protectiyerarather than inserted into the
shell as a separate double section.

Absence of any hard seams or other sharp edgesasustuds, staples or buckles
penetrating the protective layer of the glove.

Inclusion of features such as webbing betweenittie finger and the next finger
to prevent twisting injuries in an impact with tlead.

Other important features include:

e Comfortable fit without feeling tight or too loos€ressure, such as from tight
straps, can affect blood flow.

e Compliance with ISO 11642 which is a test of coltastness to water to avoid the
rider’s hands being stained every time the gloveswet [also. Some dyes used in
products manufactured in “developing nations” mayntain chemicals banned
from use for reasons of public health in the targatkets].

¢ Insulation to reduce or prevent heat loss.

e Breathable materials to prevent sweating.

2.1.3 Boots

Over 56% of motorcyclists in a crash sustain anachpo their feet (ACEM, 2004).
However there is evidence to suggest that goodsbcant significantly reduce the risk of
foot injuries (Otte et al, 2002, ACEM, 2004). Theykelements to be considered in
evaluating the injury protection functions of matgele boots include:
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Height to cover foot, ankle and shins.

Impact protection for the shins, instep and ankles.

Fastening that prevents the boots from being pulféd

The abrasion and cut resistance of the upper raateri

The crush resistance of the sole.

The strength of the bond attaching the sole taiper.

The thickness of the sole and the depth of cleatsit

The clearance from the edge of the sole to the upperevent the foot from
overhanging the edge of the sole.

e The fuel oil resistance of the soles

The key elements to be considered in evaluatingvibather protection provided by
motorcycle boots are:

e Water proof material
Fastenings such as zips or laces must have flapther waterproofing.
Insulation to reduce or prevent heat loss.
Venting or breathable materials to prevent sweating
Compliance with 1ISO 11642 which is a test of col@astness to water [also.
Some dyes used in products manufactured in “deirgjapations” may contain
chemicals banned from use for reasons of publi¢theathe target markets].

2.2 THE INJURY PROTECTION MECHANISMS OF DIFFERENT I TEMS OF
PROTECTIVE CLOTHING

Research into improving the effectiveness of protecclothing has followed two paths.
One has been to identify the features of the optmederials to protect the riders body in
the event of a crash, the other has been to exthereptions for absorbing or deflecting
the energy forces of an impact.

As noted earlier the challenge has been to meemthiple requirements for motorcycle

clothing to provide protection from injury as wel$ wind, rain, cold and heat without
restricting ease of movement or creating stresguat Much of the work in relation to the

features of materials has been done by Roderi¢kolbds (e.g. Woods, 1983. 1986, 1996,
1999).

The injury protection mechanisms of materials etat

e Abrasion resistance to determine how long the nzteill last in a fall when
being abraded against a hard metalled road or sadkce in a typical 30 mph
/ 50 km/ph crash (Woods, 1999).

e Tear and cut resistance, required to ensure theerimlatcannot be cut,
penetrated or torn by sharp objects in a crash.

e Burst strength to ensure that seams, fasteningghendaterial itself will not
split open on impact.

¢ Reduction of sheer forces on body tissues by tleeadidining fabrics which
permit movement between the lining and structurstitgng layer(s), but which
do not move across the surface of the wearer’s skiresponse to lateral forces
from direct impacts or while sliding along the road

e Retention of garment in place during an accident.
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2.2.1 Impact protectors (or body armour)

The other path has been the search for a way tddstiie rider from the impact of a
collision. Helmets have demonstrated the feasybdf achieving this for the head, but it
has proved a far more difficult task to developeefiive armour for the rest of the body.
While clothing cannot be expected to absorb imeaetrgy, forces can be reduced.

The term impact protector is generally used torrefeshields that are worn over the key
joints, elbow, shoulder, hip and knee. In ordebéoeffective, it is essential that impact
protectors are fitted and held in place so thag thidl not move during a crash.

e Impact protectors are designed to attenuate theggnef an impact by
spreading it across a wider surface at a less damaage.

e Essentially the objective is to devise a meansbgbebing and distributing the
energy in an impact to divert pressure and bensliress on the skeleton, and to
provide crush resistance particularly for the feetd ankles and prevent
penetration by sharp objects.

e Protection is required over specified high impasaa of the body and must
remain in place during an impact.

e The soles of boots should be sufficiently rigidptovide some protection from
being crushed in a side impact or if trapped urttier motorcycle during a
sliding impact.

2.3 NEW PRODUCTS, FABRICS AND TECHNOLOGIES

Given the commercial nature of developments in maytde protective clothing, it is likely
that information regarding many new products, fabend technologies will not have been
published in open literature. To gather informatadoout these developments, discussions
were held with protective clothing manufacturerd anporters and others with an interest
in motorcycle protective clothing.

New developments in motorcycle protective equipnfafitinto two general categories.
There are new products and there are enhancemiaissting products. New products
include impact protectors, neck brace systems abdgjackets. Developments in textile
science have enhanced motorcycle clothing prodhobsigh performance in areas such as
abrasion resistance, water proofing and tempera¢grdation.

2.3.1 Impact protectors

Impact protectors for the limbs and joints may basidered new products, although they
have been gaining acceptance since the publicafitre EU Standard EN 1621-1 in 1997.

Back protectors are a relatively new concept wihiate been gaining acceptance over the
past two or three years, particularly since theimgsof the EU standard for back protectors
in 2003. More recent developments include prodscsh as neck braces and airbag
jackets.

A limiting factor in the development of body armduas been the need to ensure it does
not detract from the wearer’s fithess to ride eitineterms of comfort or manoeuvrability.
Dietmar Otte has done much of the published workelation to impact protectors,
particularly in relation to legs and feet (e.g.€0dt al, 1987 & 2002).
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An impact protector is a shield worn within clothithat is designed to absorb and/or
spread the energy of a blow to the body. Impacteators work by slowing down the rate
of transfer of the forces in an impact to a lessalging or non-damaging level. This is
called impact “attenuation”. There is evidencestmgest that impact protectors may
reduce the severity of an impact, such that adraamnay still occur, but it is more likely to
be a simple fracture that is easier to treat coathéw a complex fracture (Otte et al, 2002).
They may also prevent some apparently minor ingusiech as chipped elbow, shoulder or
knee bones, which can be more debilitating andiredpnger rehabilitation than fractures.

Back protectors are a similar type of shield whicay be strapped to the body inside a
jacket or inserted into the lining of a jacket. cBgprotectors are intended to provide
protection against impacts against edges such rdénge However, while some 13% of
motorcyclists sustain back injuries in crashes, rfggority of these injuries are due to
blows to the head or to bending and twisting oflihek. A back protector will not prevent
these types of injury. Less than 1% of injured nsdsuffer serious injuries from direct
blows to the spinal area, however back protectdirovide protection from more minor
injuries such as bruises and strains (EN 1621-2).p.

2.3.2 Neck braces

The basic principle with neck brace products isdézelerate the head in a controlled
manner, while at the same time reducing dangeraoges of head movement in order to
reduce the bending forces (torque) on the cergpale. While such injuries are relatively
rare (1.7%, ACEM, 2004), they are associated wétwken 3-11% fatal head and neck
injuries (Geisinger, Diehi-Thiele, Kreitmeier, Bawann, Muller and Leatt, 2006).

One such product is a titanium carbon fibre necicérbeing developed by BMW.
Simulations using crash dummies indicate that mieisk brace system does reduce neck
axial forces and could be expected to prevent duge bending forces on the cervical
spine (Geisinger et al, 2006). The designers cthiah once riders become accustomed to
wearing such a device, they do not complain ofdisgomfort.

A similar product that has been under developmgat ‘bolster collar’ that is designed to
support the rider's neck and head during a crasétwbNcki, Demus, Maklewska, &
Mielicka, 2004). This product was specifically dpgd to reduce injury to the brachial
plexus, which involves the disconnection of nerfresn the spinal cord when a rider’s
shoulder and head are abruptly shunted in oppaokieetions. Nawrocki et al. (2004)
report that motorcycle crashes are the most conwaase of such injuries. To combat this
they have developed a collar made of micro-poralober, Kevlar, and acrylic resin to
protect against back and side deflection of thelhea crash. Whilst rider tests have been
conducted for comfort and functional usability, erash tests have been reported regarding
the effectiveness of this product.

2.3.3 “Airbag” jackets

A number of companies worldwide are manufacturind/ar distributing “airbag” jackets.
These are jackets with pockets and small gas @dndnd a cable attaching the jacket to
the motorcycle. When the rider is thrown from thetorcycle, the cable is jerked from the
motorcycle which signals the gas cylinders to tefland thus provide a protective “airbag”
to protect the neck, chest and back of the ridEne systems are available incorporated
into jackets or as part of vests which can be vawer a motorcycle jacket.
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Research into the development of airbag jacketsnimtorcyclists focuses on devising an
effective system for activating the air bag to eastideploys at the appropriate moment
prior to the rider’'s impact with the road. At tlitkage the researchers suggest that while
the concept of airbag jackets is appealing, theeenaany challenges still to be solved
before they should be commercialised (Bellati, @ttes Lot and Ambrogi, 2006). There
are number of important limitations to the potdntigury reduction benefits of these
products.

These jackets only provide a potential benefititiens in crashes where they are thrown
from the motorcycle. They are less likely to béahle in collisions with other vehicles or
in situations where the rider does not become s¢pdifrom the motorcycle. Activation
systems need to be developed that are sensititteetoarying crash situations to prevent
riders’ safety from being compromised by the airbddne abrasion and impact resistance
performance of the airbag shell are also criticakehsure the airbag chambers are not
punctured and their protective values lost.

The volume and the inflation pressure of the bagritical to achieve the desired impact
protection without causing the rider to bounce eptially creating another impact hazard.
This may be achieved with the inclusion of overpues valves, damping at the same time
the "bouncing" movement of the rider by dissipating energy with the air outflow.

While a number of motorcycle clothing manufacturars working on the development of
such products, concerns have been voiced that sdntee garments available in the
market have been developed directly from marindiegmns. These products might not
be appropriate for use by motorcyclists as the reghion may interact poorly with the
rider’s helmet and could increase the risk of fatadlisabling neck injuries.

We know of only two such products that have beestete and comply with the EU

standards. DPI Safety s.r.I “Motoairbag” compliggh EN 1621-2 and the Sumitomo
“Z02” jacket (not in production) meets EN 13595 &M 1621-2. But such compliance is
no indication of the effectiveness of the injurytaction features of the airbag itself in a
crash, as those standards only relate to the abrasit, tear and impact resistance.

2.3.4 New fabrics

Developments in materials science have broughhgeraf products that are potentially of
great value to motorcyclists. Most of these degwelents relate to features that improve
the comfort of the rider, which as noted earliealso a safety issue. However there are
also some new fabrics which have the potential revgnt or reduce injury in a crash
impact.

Until very recently there were no textile fabricghwthe abrasion resistance performance
to equal leather. While fabrics like Cordura werndely promoted as abrasion resistant,
the claimed abrasion resistance was not replicatesh tested against the EU Standard
(SATRA, 2004). Textile clothing products needed lde constructed in layers with
different materials used to perform different task®rder to provide injury protection in
an ergonomically viable suit.

One such new material is a polymer-based maten@iudevelopment by the CSIRO that
is chemically treated to harden immediately uponpaot (Cranston, personal

communication). The CSIRO are currently investiggthe possibility of its application to

motorcycle protective clothing.
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Another similar flexible material that hardens onpact is d3o (refewww.d30.con
which has been applied to ski suits to absorbriigact of high speed crashes in downhill
racing. The manufacturers of d3o state that it md&il impact standards and have
expressed interest in regard to the possible imolusf their new material into any rating
system for the Australian market (Gough, persor@ahrmunication). The d3o lab is
currently negotiating with motorcycle apparel maatdirers in regard to its commercial
viability in the industry.

Kevlar is an Aramid fibre developed by Dupont®, @hihas high heat resistance and
tensile strength. It can be produced as a haeldsfar use in body armour or as a woven
or knitted fabric which provides both cut and alwrasesistance. Kevlar is used in a range
of protective clothing including motorcycle boogdoves and clothing. While kevlar jeans
and other products have been available for somesye@til recently, none had been
certified under EN 13595. In 2005 a model of keviaed jeans produced by an
Australian company (Draggin Jeans) were tested aantified as complying with EN
13595. This is an important development as a &&ye in promoting the use of protective
clothing, has been the lack of motorcycle clothihgt was both protective and functional
for usage other than riding.

HI-ART® is a terry cloth-woven polyester fabric whiprovides high abrasion resistance
to level 2 (>7 seconds) under the EN 13595. Tdiisif is used as an inner shell worn with
a separate outer jacket selected according to tetype and weather conditions (Jofama,
2006). The product was developed in collaboratidth & leading UK police force and has
undergone extensive trials across a wide spectifuweather and temperature conditions.
Anecdotal evidence indicates significant improveteein wearer comfort, compared to
other types of motorcyclists’ clothing, in ambi¢emperatures ranging from below® to

as high as + 4€C.

OUTLAST® is one of a class of “Smart textiles” witCM (Phase Change Materials)
which are incorporated into clothing and interadghwhe skin’s temperature to provide a
buffer against temperature swings. The PCMs in DAHT® are minute capsules
containing paraffin. The paraffin changes fronoédsto fluid state according to whether
the wearer is giving off or needing heat. As tloelyotermperature increases, the excess
energy is taken up by the microscopic capsulesimgethe paraffin within. As the body
termperature drops, the paraffin turns solid andegjioff the stored energy. The
technology was originally developed to protect @suts against extreme changes in
temperature but is now available for civilian ugutlast Technologies Inc, 2006)

TFL COOL Leather® is the result of a tanning treammwhich diminishes the warming
effect of sun on leather. Whereas temperaturesvef 60°C are attained with "normal”
leather, TFL claims that their COOL Leather remaiearly 20°C cooler. The TFL COOL
SYSTEM is based on practical physics. Dark colours absarbradiation and therefore
heat up more strongly than light colours, whicHemtfup to 95% of the light energy and
thus remain cooler. The visible range of the hueymis between 400 and 700 nm (0.4 -
0.7mp). The spectral distribution of the sunligliwever goes far beyond that range.
Humans cannot see in the UV and Near InfraRed sdciIR range goes from 700-
25000nm). In the near infrared region the lighergy absorbed by dark surfaces is
transferred into heat energy, which heats up theenah and then radiates as warmth.
Materials and surfaces which employ the TFL COOISSEM® do not absorb rays in NIR
but rather reflect it. As a consequence especddiker surfaces will heat up much less
(TFL,2006). Manufacturers using Cool Leather idelBMW, Jofama and M-Tech.
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Functional membranes (eg Goretex, DryWay etc) aeatbable, waterproof fabrics that
keep water and wind out, but allow perspirationeszape. The process by which this
occurs uses the body heat to transfer moisture gergpiration) from inside clothing
through a very fine membrane. Surface tension sm#@kenpossible for water drops from
the outside to penetrate the membrane unless temah temperature is lower than the
external temperature. Motorcycle clothing inclgdionderwear is available in these
fabrics.

24 RECENT RESEARCH INTO THE SAFETY QUALITIES OF PR OTECTIVE
CLOTHING

The injury reduction potential of motorcycle prdtee clothing has been well established
for at least 30 years (Feldkamp, et al 1976; Ze¢taal, 1979; Hurt, Ouellet & Wager,
1981; Schuller et al., 1982 & 1986; Otte & Middalka, 1987; Hell & Lob, 1993; Otte et
al 2002; ACEM, 2004).

Over 20 years ago, Schuller reported that injurddrs, who had been wearing leathers,
spent on average 7 days less in hospital, andneduto work 20 days earlier than
unprotected riders. The protected riders were #¥% likely to have suffered permanent
physical defect. It was concluded that protectisthing can prevent or reduce 43% of
injuries to soft tissue and 63% of deep and extensijuries (Schuller et al, 1986). More
recently, Otte found that impact protectors redutedincidence of complex leg fractures
and reported significant injury reduction for ridevearing high boots (Otte et al, 2002).

Most research has described the injury reductiowetits of protective clothing in relation
to soft tissue injuries. Protective clothing hasodbeen found to prevent or reduce injuries
such as cuts and abrasions, exhaust pipe burasorriburns and the stripping away of
skin and muscle. Protective clothing may also redine risk of infection from wound
contamination and consequent complications in thalilng of severe injuries. (e.qg.
Schuller et al, 1986, Pegg & Mayze, (1983) Otte &dd&lhauve, 1987; Hell & Lob,
1993).

There are, of course, limits to the extent thathaotgy can prevent injury, particularly in
high impact crashes. However there is also evigléinat most motorcycle crashes are not
high impact.

The European Experimental Vehicles Committee’sewvof research into motorcycle
accidents, found that the majority of motorcycldlisions take place at fairly low speeds,
the average impact being at between 30 and 45 @iNC, 1993). Consistent with this,
the recent MAIDS (Motorcycle Accident In depth Sguébund that 75% of all motorcycle
crashes occur at speeds of 50 km/h or less (ACE4 R

The MAIDS study also reported that some 40% ofradambled, rolled or slid along the
road from the point of the crash without any furtimpact with another object (ACEM,

2004). Overall, almost half (49%) of all the ings recorded in MAIDS were rated to be
minor or Level 1 on the Abbreviated Injury Scald$AL).

Crashes where the rider slides along the road csMathout impacting a fixed object are
less likely to result in severe injuries and ametypes of crashes where protective clothing
can offer the greatest injury reduction (Hell & Ld®93, Otte et al, 1987).
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The MAIDS investigators tried to establish whetlodathing had reduced or prevented
minor injuries such as cuts, gravel rash, frictibmrns etc. Figure 1 illustrates the
proportion of riders considered to have been pteterom minor injury by their clothing.
It includes only those riders who were wearing ective clothing and sustained a direct
impact that could have caused an injury to that glthe body. For example, the column
for the upper torso indicates that clothing preednsuperficial injury for more than a
quarter (26%), and reduced injuries for over h&#%) of these riders. Only 11% or just
over 1 in ten riders sustained injuries to the uppeso despite their clothing.

While such studies affirm the general benefits obtgctive clothing, they do not
distinguish between the specific features of iteéhag provided effective protection from
those that failed.

‘ OPreventeddl Reducedd No effect‘

120% ~

100% -
5% 5%
¢ 11% e 0 9% 10%
80% -
46% o
52% — -
60% - 62% 0
69%
40% -
49%
20% - 0 43% 39% T
26%
15%
O% T T T 1
Head Upper torso Lower torso Hands Feet All areas
Figure 1 Riders protected from minor injury by clothing in MAIDS study (ACEM,
2004).

2.4.1 Other recent injury research

Recent research in Singapore confirms the ongoatteim of lower limb injuries for on-
road motorcyclists (58% of all injuries) and reaffs past calls for increased use of
protective clothing by riders and pillions (Late2002). Half of the lower limb injuries in
the study were fractures. Notable injury to othedyregions was head (18%), face (14%),
upper limb (9%), abdominal (3%), and chest (3%erestingly, the study noted that 28%
of all injuries were related to the motorcyclistidgkng along the ground, which further
highlights the possible role for protective clotpin such crashes as noted earlier.

Similarly, an examination of over 30,000 motorcyaiated hospitalisations in the United
States (84% transport related) reported lower lfirabtures as the most common injury
(Coben, Steiner, & Owens, 2004). In contrast, Kr&eek-Asa, and Cryer (2002) reported
considerably different injury patterns for fatallyjured motorcyclists compared to non-
fatally injured, with head and chest injuries pnedtmant. Whilst the efficacy of motorcycle
protective clothing for injurypreventionmay be limited in more severe crashes, this
highlights the potential role for further developrhén terms of targeting injury severity
reduction For example, the study found that that sternwantéres were related to many
fatal injuries including heart, lung, liver, and legn contusions and lacerations.
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Developing effective protection for such anatomieadions and promotion of its use is
therefore paramount.

Unfortunately, none of the above studies distingedsinjury patterns between those who
were wearing protective clothing on particular bodgions and those wearing no
protection. Such reporting (as in the MAIDS studyguld assist in clarifying the potential
benefit of protective clothing for motorcyclistsltr@mugh the level of quality of the
garments used would still remain in question.

Burns from motorcycle exhausts have also been rioteelveral recent publications (Lai et
al., 2002; Matzavakis, Frangakis, Charalampopoufo®etridou, 2005; Roberts, Kelson,
Goodall-Wilson, & Kimble, 2002). From these studiesappears that the majority of
motorcycle-related burn victims are pillions wegrishorts or skirts during summer
months. Some victims were wearing long pants and shoes, although this appeared to
offer minimal protection in these cases. Importgntiost of the victims appear to be under
25 years of age (many adolescents), with somergudfeevere burns.

Patterns of injury severity in relation to speesbadffirm results from previous studies. For
example, Lin, Chang, Huang, and Pai (2003) exami&89 on-road motorcycle crashes
in Taiwan and reported that 47% of minor injurystras occurred at 40km/h or less, with
81% occurring at 60km/h or less.

25 USE OF PROTECTIVE CLOTHING BY AUSTRALIAN RIDERS

This section summarises recent surveys and obsmraatstudies of use of protective
clothing by Australian riders and information cotled as part of discussions with
importers and distributors of motorcycle apparel.

2.5.1 Information on use of protective clothing fron NSW Motorcycle Council
Survey

In 2006 a survey was undertaken on behalf of theéokdgcle Council of NSW (MCC).
Surveys were distributed through the MCCs membgevaerk at motorcycle club meetings,
attached to motorcycle handle bars in public payldreas, through motorcycle shops and
as an insert in a motorcycle magazine. An inteveetion of the survey was also provided
on the MCC web site. The survey was conducted avieur week period in May 2006.
Completed paper questionnaires were returned by andax to the MCC. There were
1,299 survey returns including 742 paper copies Bbid from the website (de Rome,
2006). While descriptive results were presentedtests of statistical significance were
undertaken.

Ninety two percent of respondents were residenté33V. Compared to the population of
registered owners in NSW, they included a highepprtion of women (12% vs 9%) and
also more young riders aged under 25 and betwe&® 2Zompared to the population (see
Figure 2).

Respondents to the survey were more likely to cavgdr capacity motorcycles than the
population of registered owners, however they Wiksdy to be more representative of the
road riding community than it would appear from g 3. Under the Australian Road
Rules, most off road bikes are now required to égistered. As off-road vehicles
comprise half of all motorcycles sold and accowntaf substantial proportion of the under
250cc group. (personal communication, FCAI, 2006any of the registered motorcycles
under 250cc may actually be off-road motorcyclex (ncluded in the survey).
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Figure 2 Age of survey respondents compared to registered owners in NSW, 2005.
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Figure 3 Respondents motorcycle compared to registered owners in NSW, 2005.

Respondents were asked to give details of thedfpeotective clothing they wore the last
time they went on each of the following types afrjgey: commuting to work or education,
on a recreational ride and on a short trip to dwall shops. Figure 4 illustrates that riders
in general were more likely to wear full protectigarticularly on their legs and feet, when
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on recreational rides and least likely for shates to the local shops (Unpublished data, de
Rome, 2006).

Full protection was defined as the full body cogerdy motorcycle specific gear. For
example, to be rated as wearing a high level ofgatmn for the head, the rider had to be
wearing a full face helmet or open face with visogoggles.

However the pattern of usage also varied with taescof motorcycle ridden. Scooter and
cruiser riders were least likely to wear high lsvef protective clothing. Sports, Tourers
and Naked motorcycle riders had the highest levgtsotection.

98% B Recreationd Commutingd Shopé
0 0 94%
97‘1097@95@93% 94%
82% 82%
] 75%
64% 64%
53%

46% [l 46% ] 41% 4 1o

9 38%

35% 0 3204
17%
11%
Head Upper body Hands Legs Feet Body armour BackLeg armour

protector

Figure 4 Protective clothing worn on last of each type of ride.

Figure 5 shows the proportion of riders by clasmotorcycle and whether they wore high
levels of protection to each part of their body wiwn recreational rides. High level of
protection is defined as helmet with eye protegtimotorcycle specific gloves and boots,
and motorcycle jackets and pants with impact ptotsc(Unpublished data, de Rome,
2006).

Cruiser riders were most likely not to wear motateypants and were less likely to wear a
motorcycle jacket with impact protectors comparedother riders other than scooter
riders.

While there were only 39 scooter riders in the damghe pattern of their usage is
consistent with other work (de Rome et al, 2008pdber riders were most likely to wear
an open face helmet without visor or goggles. Th&ye also least likely to wear
motorcycle protective pants or boots. This is @&ty understandable in the fashion sense,
because scooters are promoted by the industry ekimes that do not require the rider to
wear protective clothing. For examples, see magazditorial photographs and
advertisements for (e.g. Bolwell, Honda, Hawk bignd Two Wheels Scooter, 2005.
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Figure 5 Protective clothing worn on last recreational ride.

2.5.2 Observational study of protective clothing oMt Nebo, Brisbane

A team from CARRS-Q conducted an observationalystfdhe use of protective clothing
by largely recreational riders on Mt Nebo, wesBokbane on a weekend in late October
2005 (Wishart, Tunnicliff, Watson & Schonfeld, 2005 The majority of the 118
motorcycles were high capacity sports bikes.

All riders wore helmets (mostly full face), but aet one quarter (22%) of motorcyclists

were not wearing any protective gloves. Overa@pPo8of riders were wearing some form

of appropriate safety clothing on their upper boeither a leather jacket or a motorcycle
jacket specifically designed as protective appardel.contrast to the high proportion of

motorcycle riders wearing motorcycle appropriatetgetive clothing on the upper body,

almost three quarters of the motorcycle riders weearing only jeans, shorts or street
trousers on their lower body. Approximately twardb of riders observed were wearing

motorcycle or leather boots. Although no ridersevebserved wearing thongs or sandals,
34% were wearing joggers or street shoes.

Pillions showed helmet use similar to riders, barevless likely to be wearing gloves,
especially full gloves. Only 9 of the 14 pilliom®re some form of motorcycle protective
apparel on the upper body with either a leathekgbor motorcycle specific clothing,
although they were less likely than riders to weather, while 5 pillions wore no jacket or
a tracksuit type garment. Twelve of the 14 pilliom®re jeans. No pillions wore
motorcycle specific protective clothing on the lowieody. Only 2 pillions wore

motorcycle appropriate boots, while 12 pillions wgrvggers, sandals, or street shoes.

2.5.3 Conclusions from Australian studies of use @rotective clothing

Australian riders show a very high level of wearwmigmotorcycle helmets, but are less
likely to protect other parts of their bodies. Maycle pants and boots were used
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considerably less often than jackets. Yet in 1988, European Experimental Vehicles
Committee recognized that the legs are the area frexpiently injured in a motorcycle
crash (EEVC, 1993). Similar patterns of injury llmydy part have been documented by a
range of crash studies in the USA, UK and Germahyt(et al, 1981; Craig et al, 1983;
Schuller et al, 1986; Otte & Middelhauve, 1987).

Figure 6 illustrates a comparison of the distribatiof rider injuries in 1987 (Otte &
Middelhauve) with that of the recent MAID Study (E®I, 2004). It reveals a remarkably
consistent pattern despite changes in vehicle apdpeent safety in the intervening
decades.

B Otte & Middelhauve, 1987 @ ACEM, 2004

81%
74%

56% 56%

48%
43%

21%
19%

14%
13% 12%
9%
T T

Head Neck Chest Pelvic Abdomin Arm Leg

Figure 6 Motorcycle injury patterns 1987 vs 2004.

Despite such patterns having been long establiblgeztash researchers, this information
does not appear to have filtered through to ridédshough the research demonstrates that
the legs are the area most at risk in motorcyashes, it is their legs that are least likely to
be protected by rider.

The reasons many riders do not wear appropriateegrion, particularly on their legs, is
not clear. However, it may also be due to the way motorcycle industry promotes
different images of riders. Motorcycle clothinghdis to be designed to suit particular
styles of motorcycle and therefore specific sectdrihie motorcycle market. An informal
review of advertisements for motorcycle appareAustralia suggests that the motorcycle
clothing market is segmented for different stylésoad riding. Clothing that is promoted
as providing injury protection tends to be styledhe image of the race track and is aimed
at sports bike riders. Clothing that provides pcbom from the elements tends to be
touring oriented. There is relatively little motgcle protective clothing that is suitable in
terms of fashion or convenience for general roddrs, cruisers, commuters or scooter
riders (de Rome & Stanford, 2006).
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2.5.4 What is being sold?

Discussions with motorcycle apparel importers argtridutors confirmed the finding of
the studies discussed earlier that trends in dalegarious products reflect the particular
market segment that individual distributors argéting. For example, some riders appear
to be highly image conscious and new products rthesefore endeavour to incorporate
safety and image for this market (Heath, persooaimunication).

Traditional leather is favoured by some riders whéhe traditional rider image is
important and uptake of relatively new materialehsias Kevlar lined pants is slow
compared to sales for leather jackets, boots, &mekg. In contrast, other market segments
have a high demand for new materials. Such predast textile jackets that are
specifically developed for hotter climates are opplar demand in Northern regions of
Australia (Moto National, personal communicationylaterials such as DuPont’s “Cool
Max” (a phase change material) used in the linihgackets target this ‘summer jacket’
market.

Mesh jackets are also being sold for summer riding these have not been tested for
abrasion and cut and tear resistance. There acgatal concerns that mesh may weld to
the skin under the extreme heat engendered byrittorh in sliding along the road
surface.

Motorcyclists are not a homogeneous group and reifiterider groups (e.g. sports bike

riders compared to cruiser riders) are likely toyvan the extent to which they wear

protective clothing and the types of protectivetluiog they wear. The review sought to
identify particular groups where targeted initi@8vcould be most beneficial (or where the
emphasis in promoting protective clothing might chée be tailored to the group e.g.

scooter riders). One of the major issues in theketas the lack of provision of protective

clothing that is perceived to suit some stylesigihg. The issue of fashion is not entirely
trivial. Motorcycle clothing can be very expensiaad one of our objectives with this

project is to try to help riders distinguish betwedothing features that are just fashion and
those that have some genuine protective merit.
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3. STANDARDS AND GUIDELINES FOR MOTORCYCLE
PROTECTIVE CLOTHING

This section describes the Cambridge Standard whiad the precursor of the European
Standard, the European Standard and then, bas#te dimdings of the literature review

and consultations outlined in the previous sectieviews the Standards Australia
guidelines handbook. The review addresses thanfysdof updated technologies or
products since its publication in 2000 and its pté& future role in relation to systems for

providing information about the performance of moyale protective clothing that may

be developed as part of this project.

3.1 THE CAMBRIDGE STANDARD, ISSUE 2, 1999.

The Cambridge Standards was developed by Dr Réd#&/mods and formed the basis of
the subsequently adopted European Standards. &hbrigige Standard provided three
levels of test severity in order to place garmenis one of four performance categories
relating to risk assessments.

The performance categories were:

Inadequate Performance. Where clothing did not regformance Level 1 in one or
more tests. Such clothing is considered not adetjua
protective for riders of any powered two wheeler.

Low Performance. Clothing meeting at least PerfowwealLevel 1 in all tests is
considered to meet the criteria for low performan&eich
clothing would be intended to give some protectiolow speed
accidents whilst having the lowest possible weigdntd
ergonomic penalties associated with its use. Tloshing is
considered more suitable for use on mopeds/ scthan on
larger motorcycles.

Normal Performance. Clothing would be required eetrat least Performance Level 2
on all tests in order to be considered suitable rformal
performance use. Such clothing is intended toideoadequate
protection in typical 30 mph accidents. Such altgtwould not
be expected to be reusable after a high speed, crastvould be
adequate for most riders on the public roads.

High Performance. Clothing meeting at least Peréorce Level 3 on all tests would
be considered to have met the criteria for highgperance use.
This would equate to a high level of protectionhigh speed
road surface impacts and would be expected to beabde
following inspection and repair after most accidenthere may
be heat, weight and movement restriction penaltiesrred in
this level of protection.

The test requirements for the Cambridge Standa&d@amnmarised in Table 1.
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Table 1  Test specifications for motorcycle jacketand trousers or one piece suits
for the Cambridge Standard.

Zones 1 and 2 Zone 3 Zone 4
Abrasion resistance Seconds Seconds Seconds
Level 1 4.0 1.8 1.0
Level 2 7.0 2.5 1.5
Level 3 12.0 4.0 2.5
Maximum knife penetration* Millimetres Millimetres | Millimetres

(drop height (drop height | (drop height

400mm) 200mm) 200mm)

Level 1 25 30 35
Level 2 15 25 30
Level 3 10 20 25
Minimum burst strength kPa kPa kPa
Level 1 700 500 200
Level 2 800 600 200
Level 3 1000 800 500

* Note: In impact cut testing, the less the perigtnaof the blade, the higher the
performance of the specimen.

For the linings, the minimum mean bursting strengtB00 kPa for all zones and levels.
For the impact energy transmission test, the méaheopeak transmitted forces shall be
below 25 kN, with no single value above 37.5 kNheTimpact energy in joules is 40 J for
Level 1 and 2 and 60 J for Level 3.

3.2 THE EUROPEAN STANDARDS FOR MOTORCYCLE PROTECTIV E
CLOTHING

Under the European Directive on Personal Protedigeipment (1989) any clothing
claiming to provide protection from injury must tested and labelled as complying with
the relevant standard. This applies to all sadgtyipment not just for motorcycle apparel.
Under the directive, a product can only be desdribs “protective” if it provides
protection from injury, the term cannot be appliegroducts that provide protection from
the weather.

The European Directive became law in 1989, bubaktsome time for the standards for
motorcycle clothing to be developed. The firsinded to be issued for motorcycle gear
was for impact protectors, which was released B71&N 1621-1). Standards have since
been issued for gloves (EN 13594), boots (EN 136adkets and pants (EN 13595 Parts 1
— 4) in 2002 and lastly for back protectors (EN 1:&2 in 2003. Each has a different
number and clothing that complies must have bestedeand labelled with the CE mark
and the appropriate standards number.

The development of the Standards has provided tgetests for measuring the protective
performance of motorcycle clothing products.
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The tests are largely based on the work of RodetickVoods who published a
specification for motorcycle protective clothing which he defined the injury risk and
protection requirements for each part of the bade (Figure 7). This was based on the
analysis of 100 crash damaged motorcycle suitsttadesulting specifications tested on a
dummy in simulated crash incidents (Woods, 1996:086b).

Zone 1  High risk - needs impact protector:
& high abrasion resistance

Zone 2.  Highrisk - needs high abrasion
resistance

Zone 3. Moderate risk - moderate abrasio
resistance

Zone 4  Relatively low risk

Figure 7 Injury risk zones (Woods, 1996)

The Standards specify the test process and equipmen which they must be performed.
The tests measure performance in relation to tweldeof performance. The two levels are
specified for clothing providing protection againsad impacts.

Level 1: Clothing designed to give some protectwnilst having the lowest possible
weight and ergonomic penalties associated withses

Level 2 clothing providing a moderate level of gaion, higher than that provided by
level 1. There are however, weight and restricfi@malties in providing this level of
protection.

The requirements for performance in the impact ssbra impact cut and burst strength,
are higher for level 2 than for level 1; howevee tfequirements for tear strength and
impact resistance are the same for each level. thadards also include detailed
requirements as to the placement of impact protecad the fit and ergonomics of the
whole garment.

Table 2 provides the minimum requirements for abrasmpact cut and burst resistance
under the EU standards for motorcycle jackets andsers or one piece suits. For
example, Level 1 requires a minimum abrasion rasc& of 4 seconds in Injury Risk
Zones 1 and 2, 1.8 seconds in Zone 3 and 1.0 secatuhe 4.
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The standards for motorcycle gloves, boots, impaatectors and back protectors provide
similar levels of detailed requirements.

Table 2  Test specifications for motorcycle jacketand trousers or one piece suits
(EN 13595-1:2002)

Zones 1 and 2 Zone 3 Zone 4
Abrasion resistance Seconds Seconds Seconds
Level 1 4.0 1.8 1.0
Level 2 7.0 2.5 1.5
Impact cut resistance Seconds Seconds Second$
Speed of knife 2.8 2.0 2.0
Maximum knife penetration* Millimetres Millimetres Millimetres
Level 1 25 30 35
Level 2 15 25 30
Minimum burst strength kPa kPa kPa
Level 1 700 500 200
Level 2 800 600 200

* Note: In impact cut testing, the less the perigtnaof the blade, the higher the
performance of the specimen.

3.3 A COMPARISON OF THE STANDARDS AUSTRALIA GUIDELI NES AND
THE EUROPEAN STANDARD

The Standards Australia Guidelines and the Euroff¢andards can be compared in terms
of:

The scope of items covered

Structure in terms of levels and zones (only fartpgackets/suits)

Voluntary/mandatory

Test procedures

3.3.1 Scope

The Standards Australia s ‘Motorcycle protectivetiting: Guidelines for manufacturing’
apply only to clothing. The Guidelines drew on t@Gambridge Standard which also
provided the basis for EN 13595 Parts 1-4. Howetegre are additional European
Standards that apply to gloves (EN 13594), impastegtors (EN 1621-1 and boots (EN
13634).

The Guidelines do, however, include tests of thiability of the clothing for various
weather conditions and discuss issues relatedstmgefor thermal comfort which are not
specifically included in the European or Cambrid&jandardsthe Guidelines also include
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tests of durability which are quality rather thaafesy issues, but the durability of zip
fasteners is also covered and that is a safety ifRaference AS 2332 specifications for
slide fasteners).

The weather protection tests proposed are:
AS 2001 Methods of tests for textiles. This staddavers a range of relevant tests.

AS 2001.2.17 Determination of resistance of fabta@svater penetration — Hydrostatic
pressure test (This tests fabrics and seams nesgsta water penetration)

AS 2001.2.16 Determination of water repellency efdtite surfaces — Spray rating. (This
test wet pick up of fabric, refers to the amountwiisture a material retains after wetting.)

ISO 11092 Textiles — Physiological effects. Meamant of thermal and water vapour

resistance under steady state conditions (sweagugrded hotplate test). Resistance to
Evaporative Heat Transfer. This is the breathgb{lnoisture vapour transmission) of a

garment or fabric.

While the Guide discusses options for testing le@ahange it does not suggest any means
nor refer to any existing standards.

There are four European Standards that relate itabdily of protective clothing for
certain weather conditions but which are not speadlfy mentioned in relation to
motorcycle protective clothing:

EN 342:2004 "Protective clothing - Ensembles anuingats for protection against
cold" Note definition of 'cold" isienvironment characterized by the combination of
humidity and wind at air temperature below - 5 degg C".

EN 343:2003 "Protective clothing - Protection agtimain" Note: uses the
hydrostatic head test, plus a method for assessmsfure vapour permeability.

EN 14058:2004 "Protective clothing - Garments famotection against cool

environments" Note: definition of 'cool' isenvironment characterized in general
as a possible combination of humidity and windesperatures of - 5 degrees C
and above);

EN 14360:2004 "Protective clothing against rainesfTmethod for ready made
garments - Impact from above with high energy detsl

3.3.2 Structure in terms of levels and zones

The European Standards specify the test proceseq@ndment upon which they must be
performed. The tests measure performance in oalat two levels of performance. The
two levels are specified for clothing providing f@ction against road impacts.

Level 1: Clothing designed to give some protectwnilst having the lowest possible
weight and ergonomic penalties associated withses

Level 2 clothing providing a moderate level of gaion, higher than that provided by
level 1. There are however, weight and restricfi@malties in providing this level of
protection.
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The Australian Guidelines consider the levels dft@ction in terms of four “end use
categories”.

A Strong enough for racing

B Strong enough for sports road riding

C Strong enough for commuting

D Not strong enough to offer crash protection

3.3.3 Voluntary/mandatory

The Standards Australia Guidelines are not compylémr manufacturers to follow and
there is no requirement for marking the garmerdas ¢bmply with the Standard.

The European Standards are mandatory for manuéastirthey wish to claim that their
equipment is “protective”. However, many manufaets are in direct violation of the
Standards because they claim their equipment itegree but have not had the items
tested and they are not marked with the CE markleatify their compliance with the
Personal Protective Equipment Directive. Other uf@acturers carefully word their claims
to imply that there is a likely reduction in injutg riders wearing their equipment but
refrain from using the word “protective” and havet rhad the items tested against the
relevant Standard.

3.3.4 Test procedures

The test procedures in the Australian Standardsi€lines were selected from according
to the tests that were available locally, rathantthose specified in the European Standard
EN 13595.

The abrasion test in the Australian Guidelines baen discredited as providing an
appropriate basis for assessing abrasion resist&mcemotorcycle clothing. The
Martindale test apparatus provides a low speedidtindictional abrasion under pressure.
The system does not allow for the effects of foictinduced heat which may, for example,
melt some fabrics or yarns. Nor does the repeatedement over the abrading source
allow for the effects of clogging, which would nmtcur in a real world slide across a road
surface. These factors are accounted for in teenge methods specified under the EU
Standards. The Martindale test was selected fagmatic reasons because unlike the EU
test apparatus, it was available in Australia attime. There is now a testing facility in
Sydney that has costed and is considering installaif the approved testing apparatus.

3.4 RECENT AUSTRALIAN MOVES TO A VOLUNTARY INDUSTRY
STANDARD

Some headway has already been achieved with thercyote apparel industry in
Australia through an industry seminar funded by Metor Accidents Authority in NSW
and coordinated by the Motorcycle Council of NSWG®) (de Rome, 2005).

The seminar, name@earing Up: A seminar on Motorcycle Protective Clohing was
designed to inform the industry on motorcycle pctte clothing and consumer protection
in Australia. It complemented an earlier MAA fundproject for the MCC to produce a
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web based consumer’s guide to promote the use aiegive clothing by motorcycle
riders.

The primary objectives were to:

A. Raise awareness of the features of effectiveorogcle protective clothing.

B. Explore the options and gain broad supporegtablishing a process for ensuring
motorcycle protective clothing sold in Australiademonstrably fit for purpose.

The short term objectives were to:

1. Inform the industry and other stakeholderthefMAA funded research findings on
motorcycle protective clothing.

2. Alert industry to the requirements of the Ebnstards for motorcycle protective
clothing and the implications for the Australianriket of the EU standards.

3. Engage industry support for the developmeiat imeans of achieving consumer

protection in Australia for motorcycle protectiviething by way of a code of
practice, standards or other means.

The seminar was attended by a representative @rggakeholders including all key
manufacturers, importers, distributors and majtailexs of motorcycle protective
clothing. The seminar achieved a general consesfsagreement:

1. To develop an industry regulated system for engumotorcycle protective
clothing sold in Australia is fit for purpose.

2. To use the EU standards for motorcycle protectioehing as the basis of a
voluntary standard.

3. To devise an industry code of practice for the i@pibn of the standard.

4, To develop on ongoing independent process for énécation of product
performance standards.

5. To create a new class of products in the markeeplaat are verified as meeting
performance standards based on the EU standards.

A working party of industry and rider community repentatives was nominated to
undertake the establishment of a motorcycle clgtindustry association to establish the
system and supporting processes. The FCAI havertaten to provide administrative
support for the working party.
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The members of the working party are:

Industry sector Representative

Industry Association Ray Newland, Manager, Motorcycle Affairs, FCAI

Riders Guy Stanford, Chairman, Motorcycle Council of NSW

Retailers Greg Byrnes, Manager, Motorcycle Accessories
Warehouse

Importers/ agents Chris Mooney, NSW State Manager, Monza Imports

Off shore manufacturers Rob Casson, Managing Director, Cassons
Local manufacturers Grant McIntosh, Managing Director, Draggin Jeans

Research Liz de Rome, LdeR Consulting

Progress to date has focussed on the developmeatdodft structure for the proposed
industry association. This draft has been cirealdb all seminar participants for comment
and approval. The next stage requires the commitwiefunds and may be most likely to
go forward if some support is obtained from goveenhsources.

3.5 CONSUMER TESTS BY RIDE MAGAZINE

The UK motorcycle magazine, Ride, conducts andipli$ consumer tests on motorcycle
jackets, pants and suits, on motorcycle boots anshatorcycle gloves.

3.5.1 Consumer tests for motorcycle jackets, pants suits

The description of the testing and how the resarésreported below is based on an article
in Ride magazine written by Mr Tony Hoare in OctoB@05 (p.81).

The results of testing are reported as a 50 worgwewith separate scores for Abrasion
out of 15, Burst out of 10, Impact out of 10, Wahnof 10 and Waterproofing out of 10.
Total possible score is 55. The tests for abrasipmst and impact comply with the
applicable European Standards procedures.

1. Thermal test

To test the thermal qualities the test suits aregoua sensor-covered dummy, then
placed inside a large freezer set to minus 20°@erAinety minutes, the amount and
rate of temperature loss is recorded. Jacketgants are ranked separately into three
groups according to results. The warmest jackepaots are given a score of five, the
next group are scored three and the lowest recéwed The total maximum score for
a suit is 10.
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Waterproof test

The suits are worn by a tester who is also weanimger gloves and boots. They are
then subjected to a five minute dousing with a gues washer and any leak noted.
Marks were awarded out of 10.

On the road

Suits are provided to road testers who score tite e comfort and ease of use while
riding.

Abrasion resistance

Three samples from each suit is tested on the iabrag specified in EN 13595-
2:2002 for impact abrasion. The rig impacts th@da against an abrasion belt at a
controlled amount of force and then measures time tit takes to wear through.
Samples that lasted seven seconds or more sceredut of five. Those that scored
one and half seconds, scored 1 out of 5. Totaliplesscore for a suit is 15.

Seams burst

Using the rig specified in EN 13595-3:2002, seatnength is tested by clamping
samples over a test rig containing a high presaater balloon. The balloon is then
inflated under the seam until the seam bursts. riheneasures how much force was
required to burst the seam. The higher the presseguired, the higher the score
achieved. Suits were scored out of 10.

Impact strength.

Using the impact strength test specified in EN 1&21098, the shoulder, elbow, hip,
knee and shin armour is tested to assess how nmech\eit absorbs. The test involves
placing the armour over an anvil and dropping &estronto it, using a standard
amount of force each time. The anvil contains sent measure how much energy
passes through the armour. Each sample is testedimes with three strikes on each
of three different areas. Under EN 1621-1:1998,average force transmitted over the
nine tests cannot exceed 35 kN and no single impagtexceed 50 kN. Armour that
met this standard is scored two points. The tatafes for the impact strength of a suit
is 10.

3.5.2 Consumer tests for motorcycle gloves

The description of the testing and how the resarésreported below is based on an article
in Ride magazine written by Mr Oliver Crick in Ap2004 (p.54).

Test results are reported as a 50 word review s@gfarate scores for Palm abrasion of 10,
Knuckle impact out of 10, Seam strength out of \M@jst restraint out of 10 and Road
testing out of 15. Total possible score 55. Thséstéor abrasion, burst and impact comply
with the applicable European Standards procedures.

Abrasion resistance

The palm area of the glove is tested on the almagipspecified in EN 13594:2002
which is the same test rig as specified in EN 1382902. The rig impacts the
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sample against an abrasion belt at a controlleduatmaf force and then measures the
time it takes to wear through. Under EN 13594ye@®are required to last a minimum

of 2.5 seconds. Any glove that fails to achieve #conds is scored 0, others score
higher the longer they lasted. The total possbtare is 10.

Impact strength.

Gloves are tested to see how much energy theyniitied through the knuckles in an

impact using the impact strength test specifie@M 1621-1:1998. The test involves
placing the armour over an anvil and dropping &estronto it, using a standard

amount of force each time. The anvil contains sent measure how much energy
passes through the armour. As with EN 1621-1:1998,average force transmitted
cannot exceed 4 kN. Gloves are scored out of 10.

Seams burst

Using the rig specified in EN 13595-3:2002, seatnength is tested by clamping
samples over a test rig containing a high presaater balloon. The balloon is then
inflated under the seam until the seam bursts. riheneasures how much force was
required to burst the seam. The higher the presseguired, the higher the score
achieved. Seams are also subjected to a secdnof @pulling force until either the

stitches or the material tears. Gloves are scouedf 10

Wrist restraint

Straps are done up comfortably tight, then a didpgdance is taped to the fingers and
pulled to remove the glove. The balance records stparation force required to
remove the gloves. The test is repeated threestforeeach glove. Under EN 13594,
glove restraint systems are required to resist@fof 35 N to minimise the danger of
being pulled off in a crash. Possible score ouitmf

Road testing

Gloves are road tested to check for feel and camfagsters check fit with leather
sleeves and whether armour restricts movement.h Gwe is worn well after its
wearing-in point so it is not criticised for initidiscomfort. Testers then complete a
guestionnaire so all gloves are assessed on the cateria. Gloves are scored out of
15.

Colour-fastness

Gloves area tested for colour-fastness when webrdeg to ISO 11642. Gloves
scoring 10 did not leak dye; nine means they lose g tiny amount of dye. Gloves
scoring four or less will stain the wearer’s hands.

3.5.3 Consumer tests for motorcycle boots

The description of the testing and how the resarésreported below is based on an article
in Ride magazine written by Mr Tony Hoare in JuB03 (p.105).

Reported results are provided as a 50 word reviéhv separate scores for Protection out
of 40, Waterproofing out of 20, Warmth out of 10daRoad testing out of 20. Total
possible score 90. Note the individual scoresaafasion resistance, impact, cut and crush
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were also provided in a comparative table of adl tbsted boots. The tests for abrasion,
impact, impact cut and sole crush comply with thmpliaable European Standards
procedures.

1.

Abrasion resistance

Two samples of the outer material is tested on ahmsion rig specified in EN
13634:2002 which is the same test rig as specifieEN 13595-2:2002. The rig
impacts the sample against an abrasion belt anaatied amount of force and then
measures the time it takes to wear through. UB#eA3634, boot uppers are required
to last a minimum of 5 seconds. The total possbtae is 10.

Impact strength.

Boots are tested to see how much energy they tmiadmn an impact using the
impact strength test specified in EN 1621-1:19%98e test involves placing the armour
over an anvil and dropping a striker onto it, usingtandard amount of force each time.
The anvil contains sensors to measure how muchygrmasses through the armour.
As with EN 1621-1:1998, the average force trangdittannot exceed 4 kN. The total
possible score is 10.

Impact cut

This is conducted at a point on the inside of g#g Where the boots are considered to
give the lowest level of protection. The samples@Eaced over a modelling clay base
and a 1 kg mass, with a sharp blade is droppedoaid boot sample. The less
penetration, the better. This test is according=bd 388:1994 as specified in EN
13634: 2002. The total possible score is 10.

Sole crush

Two different tests are carried out and the averaigéhe scores taken. Test one
simulates boots being crushed suddenly under iagdlike. The ball of the foot area
of the boot is filled with modelling clay and then20 kg striker is dropped from a
height of 1 metre. The amount of deformation m ¢hay is measured.

The second test requires the boots to be crushedcbe two parallel plates until they
have deformed by 20 mm. The peak force requirasidasured to provide a score.
Under EN 13634, transverse rigidity is requirecbéonot less than 1.5 kN. The total
possible score for the combined tests is 10.

Water proofing

A jet washer is used to drench boots for four neswind any leakage on socks noted.
A second test involves boots being soaked in athég water for half an hour and any
leakage points noted. These tests are more sttinigan those required by EN 13634:

2002. Scored out of 10 for each test to a totasipesscore of 20.

Warmth

Each boot is filled with 4 kg of 3mm stainless stesdl bearings and exposed to -30°C
conditions for 15 minutes. The temperature deeas the foot area are measured
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using temperature sensors, the lower the temperaiwap, the better the insulation
provided by the boots. Scored out of 10

7. Road testing

Boots are road tested to check for feel and conf@rthundreds of miles and then
marked on comfort, feel and ease of use. Theyaned out of 20.
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4. CONSIDERATION OF A SAFETY RATING SYSTEM FOR
MOTORCYCLE PROTECTIVE CLOTHING

This section discusses the issues related to carstating systems versus regulation as
methods of achieving improved safety outcomeshéntdiscusses the relative merits of
developing a star rating system for motorcycle gutite clothing versus adopting (a
perhaps modified version of) the European StanfiarBersonal Protective Clothing.

4.1 UNDERLYING CONCEPTS OF CONSUMER RATING SYSTEMS AND
STANDARDS

Current consumer rating systems provide guidancecdasumers on the relative
performance of competing products, all of which legally allowed to be sold and used.
Examples include energy efficiency ratings for whaods and water efficiency ratings for
plumbing fixtures, star ratings for accommodationd arestaurants, the New Car
Assessment Program (Australian, European and U&nig), the Used Car Safety Ratings
(Australian, European and US variants), and the Se&dctor Assessment Ratings (STAR)
system.

The concept of a rating system is to use consurearadd to promote sales of better-
performing products, rather than by mandating &dridevel of performance. In contrast,
a standards based approach identifies a minimurapgadgle level of performance for a
particular product, often on a number of dimensiarsl provides a way of identifying

whether or not that product reaches this minimuwell®f performance. The pass/fall
outcome in standards does not provide manufactungénancentives to produce goods that
exceed the standard or allow the public to cholsdést performing products.

4.1.1 Regulatory framework

The establishment of a consumer rating system equyire less evidence than is required
to implement a mandatory standard. In additioa,e@hidence to support the nature and the
need for a mandatory standard may be considerablerévent the standard being
challenged on the grounds of restraint of trade.

4.1.2 Updating standards and consumer rating systesn

The characteristics of products change over tingk s;mthere is a need to update both
standards and consumer rating systems periodically.

For whitegoods and for NCAP there has been theigéhow to change the rating systems
as products improve in their performance. Theect@o general alternatives, to retain the
original criteria but to add higher levels of perf@ance and increased stars (e.g. move
from 5-star to 6-star system) or to require higlesels of performance for a given star

rating.

4.2 CHARACTERISTICS OF SAFETY RATING SYSTEMS

Safety rating systems (and other consumer advisdiyg systems) can be classified on a
number of dimensions:
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e Does it apply to new or used or both?

e Is it predictive or retrospective?

e |If predictive, is it based on inspection or on parfance testing?

e Does it produce an indicator of overall safety parfance or are there discrete
indicators for particular dimensions?

e Are there particular dimensions where a failure msghat the product is
unsuitable?

e Does it replace or supplement regulatory standards?

There is generally a numerical score for each @dai dimension that is then converted
into a number of stars — so the stars are the wayhich the outcomes of the rating
exercise are conveyed to the public, rather thamday in which the ratings are conducted.

Requirements for a retrospective system — requaletailed information on the
styles/makes/manufacturers involved in injury oates and this information is often not
readily collected or accessible — also needs velgtiarge numbers for statistical purposes
if this data is available

Should the design features in a rating system bdinmm to those that are currently
available or those that are included in internatistandards or can they be extended to
potential future features? Particularly if “theage serious injury issues that are not
adequately addressed by current design featuresy, (Bcott, Williams, Rechnitzer, Walsh
& Boyle, 2005, p. 362).

4.2.1 Safe Tractor Assessment Rating System as aample

STARS was developed by a team from Monash Uniyessicident Research Centre and
the Kondinin Group, a farm safety organisation (Bawl., 2005). It is a predictive, design
based system which assigns a score for variougrésatures that control the injury risks
associated with tractor use. STARS comprises ma@r categories and on each category
tractors receive a score ranging from zero starsalfoost no inherent safety to five stars
for the highest inherent safety. Some characiesistave been judged to make a tractor
unsafe for use and thus there is an unsafe foclassification under each category. There
is no overall, or total rating, because the retatmportance of each of the nine categories
will differ depending on the operational environmen

4.3 POTENTIAL CHARACTERISTICS OF A SAFETY RATING SY STEM FOR
MOTORCYCLE PROTECTIVE CLOTHING

Many of the issues discussed earlier in this sectwe relevant to the potential
characteristics and usefulness of a safety ragiatem for motorcycle protective clothing.
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4.3.1 Predictive or retrospective systems

The relatively poor data available about the reatldvperformance of protective clothing
in Australian crashes means that any safety raysgjem would need to be predictive,
rather than retrospective. A predictive systenals potentially more useful for new
technologies in that it does not require years\piry experience to be generated.

4.3.2 Assessment of safety performance for calcuilag ratings

The research suggests that the safety performdnmuetorcycle protective clothing cannot
be assessed by inspection and requires testingbiafsian resistance, tear and cut
resistance, burst strength, reduction of sheerefoan body tissues and retention of the
garment in the crash. Adoption of the tests usdétie European Standard may be the most
effective way to measure safety performance fortntess of protective clothing. For
some new technologies (e.g. airbag jackets), tirerg need to be dummy testing to fully
capture any additional benefits that these iteragige.

4.3.3 Dimensions of a potential rating system

Should any proposed rating system be solely réstrito criteria directly related to injury
prevention (e.g. abrasion resistance, burst resistaof seams) or should some other
criteria related be included? There is evidenead phhysiological stress including that
caused by physical discomfort can have a detrinheatiect on riders’ attention
contributing to fatigue, irritability and poor dsmn making (Woods, 1983, 1986).

In particular we know that riders admit to not wegrprotective clothing in hot weather
due to the perceptions of discomfort (Benton, 200®jJanufacturers are attempting to
address this need and it would seem necessarydbr factors to be included in a rating
system. One example is the Halvarssons Safetyn®iuch is a textile suit that incorporates
phase-change material (OUTLAST™) to reduce thedisdomfort. The Halvarssons suit
is one of the few textile suits to pass the highestl of the European standards. This is
due to its construction with an inner lining of ART, a new fabric which is a towelling-
style polyester with high abrasion resistance. dfngents that achieve the maximum
number of stars are considered unwearable by ridbis is likely to detract from the
credibility of the rating system.

If a rating system is to be developed, which itevhslothing should be given priority in
the development process? Should pants be giventprbecause of the large proportion
of motorcycle injuries that occur to the lower lig¥ Should boots receive a lower priority
because currently the EU testing process is mgperesive for boots than for other items
of protective clothing? Or can the system be dgped simultaneously for all types of
motorcycle protective clothing? The disadvantag@ieing priority to certain items of
clothing in developing the system would be thabiiveys the information that those items
are considered more important than other itemsaigptive clothing.

4.3.4 Safety rating systems or standards or both?

Safety rating systems and mandatory standards @axist. In the car safety domain,

ANCAP and the Used Car Safety Ratings exist intamdto the Australian Design Rules.

This is an example where the mandatory standardceasidered to represent a level of
performance that was unnecessarily low and a saf¢ityg system was needed to provide
more useful comparative information to consumers.
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With regard to motorcycle protective clothing, tBeropean Standards could be used as an
anchor point for an Australian safety rating systednder this concept, meeting the Level
1 requirement for the European Standards wouldobsidered equivalent to a particular
number of stars, while meeting the Level 2 requertrwould be equivalent to another
number of stars.

This would have the advantage of allowing protectothing that had been tested and
approved to European Standards to be rated foAdlké&ralian system without any further

testing. Other manufacturers who did not wish eongly with the European Standard

could have a star rating calculated for their padsiu
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5. RECOMMENDATIONS

Based on the literature review and the review ofent standards and guidelines, a set of
recommendations were developed on the most eféectiistems for improving the
information available to purchasers of motorcycleotective clothing. The
recommendations cover:

e The models for the proposed system

e Potential criteria to be used for measuring sgbetyormance

e The types of tests of protective clothing that wdolog required by the system

e |Issues related to promotion of the system to riderg. publicity, incentives,
perceived value)

These recommendations have been developed with frpan Mr Paul Varnsverry, the
Technical Director of PVA Technical File Servicesnited. Paul was a Member of the
European Standards Working Group CEN/TC 162/WG9cmyenor of the WG9 project
group responsible for drafting the European Staiwldor motorcyclists' protective
garments (jackets, trousers, one and two-piecs)suitocal industry consultation has not
yet occurred, as it was considered that it mightitieelpful to solicit their feedback at this
early stage, before consideration of the likelypoeses to the recommendations. However
Ms de Rome’s work with the industry group has infed this project with insight into the
likely concerns and issues faced by manufacturedgetailers.

5.1 THE MODELS FOR THE PROPOSED SYSTEM

The proposed system needs firstly to ensure teatltdthing will be effective in protecting
from injury and secondly, to provide a mechanism édommunicating the extent of
protection to the consumer. Three alternative @ggres were considered: mandatory
standards, and two types of star rating systemsvelantary industry program and an
independently administered system.

This report does not recommend the introductiomahdatory standards for motorcycle
protective clothing. Leaving aside the difficulty introducing mandatory standards in
Australia, it is considered that mandatory stanglauth as those in Europe are unlikely to
bring about a marked improvement in motorcycle getive clothing without substantial
allocation of resources to enforcement of the stethadvhich has not occurred in Europe
and is unlikely to occur in Australia.

The general characteristics of two proposed mastalsrating systems are outlined below.
The criteria for awarding of stars are describe8eaation 5.2.
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5.1.1 Model 1 — Voluntary industry star rating sysem

Model 1 is a voluntary star rating system (basedhencriteria described later) where
manufacturers or distributors can choose whethearobrto participate. For participating
manufacturers or distributors, the star rating \dole displayed on a swing tag on the
garment to provide the potential purchaser witlorimfation about specific items at the
point of sale. It is assumed that manufacturemisiributors would send items for testing
to local or international accredited testing faEs.

A system of random audits could be used to endwedmpliance of the items with the
test procedures. A licensing fee associated vattigpation in the rating system could at
least partly fund the compliance auditing. Theian# for auditors include an industry
body, an independent auditing organisation or agowr organisation. The identification
of the most appropriate approach to auditing wdaddhe subject of a later stage of this
research program, if necessary.

The voluntary industry star rating system woulduieg) publicity to make motorcyclists
aware of the system, explain how it works and eragel purchase of items with many
stars (and discourage purchasing unrated itemd)e publicity would also encourage
manufacturers/distributors to participate in thieesoe.

This is the model currently being proposed by theéustry working group under the
auspices of the FCAI and MCC of NSW. It is prombseat it be an industry managed
process, and that products once assessed wouistdx® dn a website (potentially hosted
by industry or MCC). The website would keep mantueers and distributors honest by
preventing any fraudulent labelling of products. wbuld also serve as an information
source for riders seeking to identify products thag trust.

5.1.2 Model 2 — Independent star rating system

The second model is a system in which an accrediiody purchases and tests garments
(as described in Section 5.2) and publishes thetysaditings on a website and in brochures
etc. This would be modelled on the Australian Néar Assessment Program. Like
ANCAP, it could utilise European findings where g@mne item is sold there.

Likely candidates for the accrediting body inclumelependent auditing organisations,
consumer organisations or a specialist body creayes consortium of organisations with
an interest in reduction of injuries to motorcyidis Identification of the most appropriate
accrediting body would be the subject of a latexgst of this research program, if
necessary. It is assumed that the accrediting baxyd send items for testing to local or
international accredited testing facilities.

While Model 2 would require significant input ofseurces from the accrediting body, it
has several important advantages. It has the tmiteéa avoid the problems that have
arisen in Europe where many of the largest manufexs have simply refused to comply
with the European Standards.

With a funding base that is independent of indystry independent star system may be
more able than a voluntary industry standard tdhst&nd pressure to water down the
performance requirements for award of particulanbers of stars. Thus, the independent
star system would potentially have greater safetehits for motorcyclists.
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5.2 POTENTIAL CRITERIA TO BE USED FOR MEASURING SAF ETY
PERFORMANCE

An example of such a star rating system for jackedats and suits is provided in Table 3.

The example in Table 3 would allow items that hadrbtested to European Standards to
fit into the star rating system without any furthesting. The two star rating is broadly

based on the requirements for EN 13595 Level lhrigi whereas the four star rating is

broadly based on the Level 2 requirements. The fvar rating is based on the

requirements of Level 3 of the Cambridge Standdrde one star rating corresponds to the
requirements for EN 13595 Level 1 clothing butZome 3 in that Standard. The three star
rating is intermediate between EN 13595 Level 1 laawk| 2.

The example star rating system in Table 3 is simpglibecause it does not set out different
requirements for different zones of the garment.

Table 3  An example of allocation of stars based dest performance of Zone 1
sections of garment — for jackets, pants and suits.

Rating Abrasion resistance Burst strength of Maximum knife
of materials seams and penetration
fastenings
0 Stars <1.8 secs <500 kPa > 30 mm
1 Star > 1.8 secs > 500 kPa <30 mm

(CE Level 1, Zone 3

2 Stars > 4.0 secs > 700 <25 mm
(CE Level 1, Zones 1

and 2)

3 Stars > 5.5 seconds > 750 <20 mm
4 Stars > 7.0 seconds > 800 <15 mm
(CE Level 2, Zones 1

and 2)

5 Stars > 12.0 seconds > 1000 <10 mm

(Cambridge Level 3
Zones 1 and 2)

Under either Model 1 or Model 2, it is proposed tsi@r rating would be based on safety
performance, weather protection and ergonomic p@adace. It is considered that a star
rating based solely on safety performance wouldtebe useful to riders who are trying to
choose the best equipment that they can affordisiegard of weather protection (thermal
control and waterproofing) and ergonomic perforneafwehether the rider can actually ride
while wearing the product) could quickly damage thedibility of the star rating system

as a useful guide for consumers. Protective algthian only convey a benefit if it is worn

MOTORCYCLE PROTECTIVE CLOTHING LITERATURE REVIEW AND DEVELOPMENT OF A SAFETY
RATING SYSTEM—FINAL REPORT 37



and it will be less likely to be worn if it is ungdortable. As such, it is proposed that the
weather protection and thermal comfort tests imnetldn the Australian Standards
Guidelines be incorporated as part of the stangatiystem.

5.2.1 Overall star rating or individual components?

One of the issues to be addressed in the next stdbis research is whether the star rating
should be presented as an overall score, or whattees should be provided with the star
ratings for the individual criteria. The consunm@tings currently provided by Ride
magazine present the scores on each criterion axmindined score which is the simple
addition of all of the category scores (with theception of dye fastness because this
depends on the colour chosen).

If an overall star rating was chosen, then the wawhich the results from the different
tests would be combined would need to be considefedtringent approach would be to
base the star rating on the test with the lowedbpmance. Even if this stringent approach
were not taken, it would need to be considered kdred fail - “no stars” - on a patrticular
criterion should be an overall fail. If, for inst@, a garment gained no stars for burst
resistance, then perhaps it should have no starsilbv

The way in which the weather protection and there@infort tests included in the

Australian Standards Guidelines would be incorpatads part of the star rating system
would depend on whether there was an overall sting or stars were awarded for
individual components. For an overall rating, @mpmion would be to subtract a star if
these tests were not passed.

5.3 ISSUES RELATED TO PROMOTION OF THE SYSTEM TO RIDERS

It is apparent from the experience in Europe thatystem for providing consumer

information about the performance of motorcycletgetive clothing may not receive the

wholehearted support of the rider community and nietorcycle accessories industry.
Although the Personal Protective Equipment (PPE2dive has been in place since 1989,
the issuing of the full set of standards for moyoke apparel took over 14 years, with the
final standard (EN 1621-2 for back protectors) éskin 2003. The extraordinary time

delay in the issuing of the standards was largelg tb the lack of cooperation from

manufacturers compounded by the suspicions ofidiee community.

5.3.1 Rider concerns

The standards were a contentious issue with malgrgiin Europe concerned that they
would be used by authorities and insurance companieset requirements for all riders.
This is also a concern that has been expressedstralia and will need to be addressed in
order to persuade the rider community of the bé&nefisuch a system.

In Europe rider groups only agreed to support thadards if leisure riders’ clothing was
specifically excluded, to prevent the standardsnfriceing used as the basis of further
legislation to support compulsion. As a result B¢ standards are expressed as being for
“Professional riders”. This outcome was the restigignificant work by members of the
motorcycle community who recognised the benefit establishing such standards.
However, a separate item of European consumerysiggslation — the General Product
Safety Directive 2001/95/EQGPSD) — addresses the ‘migration; of professiomnse
products into non-professional applications afed:
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“(10) Products which are designed exclusively foofpssional use but have subsequently
migrated to the consumer market should be subgethe requirements of this Directive
because they can pose risks to consumer healthsafey when used under reasonably
foreseeable conditions.”

Although we are unaware if this has been testedQourt of Law, the GPSD does appear
to negate the “Professional riders” scope of theopean Standards for motorcyclists’
protective clothing.

At this point, relatively few of the European maaxtiirers have submitted their products
for independent testing against the EU Standattsy aire able to avoid the issue by
carefully not mentioning safety or injury prevemtian their advertising materials.

However, this situation is changing as more ridams demanding quality control and
verification that the protective clothing they bisyfit for the purpose. The substantial
increase in the number of products that includen@2iEked impact protectors is evidence of
this trend.

5.3.2 Promotion to increase rider awareness

There would be a need to promote the system taosritte improve rider awareness and
understanding and to provide consumer pressurentmueage manufacturers to be
involved. It is likely that the motorcycling preaad the general consumer press would be
willing to publish descriptions of the system atslresults.

Less publicity would be needed if the ratings werevided on swing tags on the items
(although explanatory brochures at retail outletsul be helpful) than if there was a
rating system, but not display of the results ahvidual items.

A website may be a useful component of promotidgrriawareness of the importance of
motorcycle protective clothing and making ridersassvof the relative performance of
protective gear from different manufacturers.

5.3.3 Educating riders about when protective clotimg is beneficial

Most riders’ experience of the potential benefitpmtective clothing relates to watching
motorcycle racing on television. There they seers tumbling and sliding across the
ground at high speed, with little apparent injuryhis provides the misleading view that
protective clothing is beneficial in high speednigland, conversely, that it is less relevant
to short, urban, low-speed trips. This is evidentthe surveys of where riders use
protective clothing. Yet the research suggests tii@ majority of motorcycle crashes
occur at low speeds with impacts at between 304&kim/h (ACEM, 2004; EEVC, 1993)
and that much of the benefit of protective clothomgurs in these low speed crashes where
there is no impact with a fixed object.

There is a need to educate riders about the berafimotorcycle protective clothing in
low speed crashes to increase wearing rates ohtsipsror trips that do not involve high
speed riding to gain the largest benefit from inm@rents in protective clothing.
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