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MOTIVACE I. ZVYSENiIi VYKONNOSTI

Jaké parametry definuji vykonnost?
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MOTIVACE Il. SNIiZENi ZDRAVOTNICH RIZIK

Jak se vyporadat se skodlivymi ¢asticemi opotrebeni?

Climbing shoe soles contain rubber additives
Abrasion with footholds generates rubber particles

Rubber particles can become airborne and inhaled

H W N -

Airborne rubber particles eventually settle as dust

a

(Sherman et al., 2025)
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LITERARNI PREHLED A. STATICKY SOUCINITEL TRENI

( A. STATICKY \

N SOUCINITEL TRENI
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= Pomeér statické treci sily F, nutné k rozpohybovani objektu a normalové sily F,.
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LITERARNI PREHLED A. STATICKY SOUCINITEL TRENI

Cat P100 (10 mm/s, 10 N) Cat P100 (10 mm/s, 50 N)
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LITERARNI PREHLED A. STATICKY SOUCINITEL TRENI

= Rozlozeni tlaku v kontaktni oblasti — zpUsob zatizeni (Tuononen, 2016)

= Cas uvodniho kontaktu (Bureau, 2002)

Neni charakteristikou materialoveho paru — vyznamne zavisi na podminkach testovani.

= Vliv kontaminace difuzi nizkomolekularnich aditiv pryze — slozeni smési (Tiwari, 2021)
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LITERARNI PREHLED C. ODOLNOST VUCI OPOTREBENI
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= Ubytek materialu vyjadieny na jednotku délky skluzu nebo poéet cyklu.

= Relativni hodnota vztazena ke standardu. (ASTM D5963 — 22)
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LITERARNI PREHLED C. ODOLNOST VUCI OPOTREBENI

= Siroce uznavany zptisob stanoveni dle normy ISO 4649, ekvivalenty DIN, ASTM.
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Zarizeni pro stanoveni odolnosti vici odéru pryZze (ISO 4649) Diagram zafizeni pro stanoveni odolnosti vici odéru pryze (ISO 4649)
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LITERARNI PREHLED

C. ODOLNOST VUCI OPOTREBENI
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' LITERARNI PREHLED ‘ SHRNUTI RESERSE A URCENI BILEHO MIiSTA
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ITERARNI PREHLED SHRNUTI RESERSE A URCENI BILEHO MIiSTA
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ORIGINAL ARTICLE

Sticky feet: a tribological study of climbing shoe rubber

Robert J. Elkington'® . Josh L. Armitage' - Thawhid Khan? - Michael G. Bryant®

Accepted: 27 August 2024 / Published onli
©The Author(s) 2024

13 September 2024

Abstract

This study examines the tribological properties of climbing shoe rubbers, challenging the common belief in the climbing
community that softer rubbers are inherently grippier. This study investigates the mechanical and wear characteristics of
climbing shoe rubbers by employing a high-precision modular testing envi (Bruker UMT TriboLab)
and rep eranile c: surfaces, Key ineluding surface roughness, Shore A hardness, interfacial
adhesion, static and dynamic friction coefficients, and material wear patterns, were analyzed. The mechanical properties of
cach rubber compound were characterized through Shore A hardness testing and ball indentation-retraction tests, measuring
indentation force, energy, and adhesive properties. Sliding friction tests, simulating real climbing conditions, were conducted
10 understand the tribological behavior of each rubber compound under different loads, further analyzing static and dynamic
friction coefficients and wear characteristics. The findings of this study indicate that rubber performance is a convolution of
several factors, including material hardness, surface roughness, and interfacial adhesion. Contrary to popular belief, softer
rubbers did not consi exhibit superior tribologi istics. The findings of this study suggest that climbing
shoe selection and design should consider a broader range of material characteristics beyond hardness, emphasizing the role
of surface roughness and adhesion in determining overall frictional performance. This research offers valuable in:
the climbing community, providing methodologies to benchmark climbing rubber material characteristics.

Keywords Climbing - Tribology - Elastomer - Elastic mechanics
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X Metodika charakterizace treni
a opotrebeni materialti podesvi

ITERARNI PREHLED

lezecké obuvi
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N
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Elkington et al. (2024)

Sports Engineering (2024) 27:30
hitpsi/¢doi.org/10,1007/512283-024-00474-4

ORIGINAL ARTICLE

Sticky feet: a tribological study of climbing shoe rubber
Robert J. Elkington'® . Josh L. Armitage' - Thawhid Khan? - Michael G. Bryant®

Accepted: 27 August 2024 / Published online: 13 September 2024
©The Author(s) 2024

Abstract

This study examines the tribological properties of climbing shoe rubbers, challenging the common belief in the climbing
community that softer rubbers are inherently grippier. This study investigates the mechanical and wear characteristics of
climbing shoe rubbers by employing a high-precision modular jical testing envi (Bruker UMT TriboLab)
and representative granite counter-surfaces. Key parameters, ineluding surface roughness, Shore A hardness, interfacial
adhesion, static and dynamic friction coefficients, and material wear patterns, were analyzed. The mechanical properties of
cach rubber compound were characterized through Shore A hardness testing and ball indentation-retraction tests, measuring
indentation force, energy, and adhesive properties. Sliding friction tests, simulating real climbing conditions, were conducted
1o understand the tribological behavior of each rubber compound under different loads, further analyzing static and dynamic
friction coefficients and wear characteristics. The findings of this study indicate that rubber performance is a convolution of
several factors. including material hardness. surface roughness. and interfacial adhesion. Contrary to popular belief, softer
rubbers did not consistently exhibit superior i i “The findings of this study suggest that climbing
shoe selection and design should consider a broader range of material characteristics beyond hardness, emphasizing the role
of surface roughness and adhesion in determining overall frictional performance. This research offers valuable insights for
the climbing community. providing methodologies to benchmark limbing rubber material characteristics.

Keywords Climbing - Tribology - Elastomer - Elastic mechanics
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CILE PRACE

Popis mechanismu treni a opotrebeni lezecké obuvi a vytvoreni laboratorni metodiky

pro predikci treni a opotrebeni lezecké obuvi v realnych podminkach.

A. VYVOJ LABORATORNI METODIKY ZALOZENE NA MODELOVEM KONTAKTU

= Vystihuje rezim tfeni a opotrebeni materialu v aplikacnich podminkach.

B. ROZSIRENi LABORATORNI METODIKY NA MERITKO CELE BOTY

= Qvéreni prenositelnosti poznatku ziskanych v modelovém kontaktu do realnych podminek.

C. EXPERIMENTALNI ANALYZA STATICKEHO TRENi A OPOTREBENI PRYZi

= Urceni ridicich mechanismu tfeni a opotirebeni.

D. VLIV KONTAMINACE PEVNYMI CASTICEMI

= Uréeni vlivu topografie a tvrdosti povrchu na treni v kontaktu kontaminovaném pevnymi €asticemi.
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' VEDECKE OTAZKY A HYPOTEZY ‘

O1: Jaké mechanismy fidi zahajeni skluzu podesve na drsném a hladkém povrchu

stupu

DRSNY POVRCH STUPU: HLADKY POVRCH STUPU:

= Zachyt vystupkt materialu = Rizeno adhezi.

podesve a stupu.

= Méneé zavislé na kontaminaci.

S N o
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O1:

VEDECKE OTAZKY A HYPOTEZY

jakym zplisobem je mozné zvysit staticky soucinitel treni pri zachovani

ohybové tuhosti podesve?

Zvyseni realné kontaktni plochy snizenim tvrdosti materialu.

Prizplisobeni topografie povrchu pryze. — v/ ~\+4— —_—— T~
o —> ~ ~N
Zvyseni hysteretické odezvy materialu. AN ( Neovlivni tuhost \
~ podesve J/
f?
Zvyseni adhezni interakce mezi povrchy. N — ~N—— __ —— -
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VEDECKE OTAZKY A HYPOTEZY

O2: Jaké mechanismy opotiebeni pryzi previadaji v kontaktu podesve lezecké obuvi

S povrchem stupu

= Abrazivni — vysoka lokalni napéti prekracujici mez pevnosti materialu.

= Unavové — stfedni napéti zptsobujici postupny ruast trhlin.
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VEDECKE OTAZKY A HYPOTEZY

O2.
jakym zplisobem lze zvysSit odolnost vii¢i opotrebeni podesvi

pri zachovani vysokého soucinitele statického treni?

= Soudrznost materialu. > Slozeni smeési.

(mez pevnosti, energie Sifeni trhliny)

= Rozlozeni napéti v kontaktu. »  Topografie povrchu.
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VEDECKE OTAZKY A HYPOTEZY

O3: Jaky vliv ma drsnost povrchu a tvrdost materialu podesve na soucinitel treni

v kontaktu podesve s povrchem kontaminovanym pevnymi ¢asticemi?

l. Vliv tvrdosti pryze Il. Vliv drsnosti povrchu pryze

(..
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ZPUSOB RESENI

A. MODELOVY KONTAKT B. MERITKO CELE BOTY [ utb.z

= Modelovy kontaktni par = Hrana stupu / naklonéna rovina

= Realné kontaktni povrchy Realné kontaktni povrchy

Pin-on-plate

—

: I""V"

ocun g MECHANISMY TRENi A OPOTREBENi PODESVi LEZECKE OBUVI 17/22 k e RUOVAN




\

A. MODELOVY KONTAKT

Pin-on-plate

ZPUSOB RESENI

= Soucinitel treni

v modelovém kontaktu

= Rychlost a mechanismus

opotrebeni

= Analyza ¢astic
opotrebeni

~—

= Slozeni smeési

v = Topografie povrchu

= Materialové vilastnosti

( \
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] — | Srovnani vysledku
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B. MERITKO CELE BOTY

= Soucinitel treni

v realném kontaktu

= Charakter opotrebeni
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ZPUSOB RESENI

— —_—

Ve N\
= Ovéfeni predikéni sily )

laboratorni metodiky

= Oddéleni vlivu materialu

podesve a konstrukénich |

|
/

(
I
I
| v modelovém kontaktu.
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\ parametru boty.
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SOUCASNY STAV RESENI 2024

= Projekt specifického vyzkumu na VUT ve spolupraci s FCH (FCH/FSI-J-24-8561).

= VIiv materiadlovych vlastnosti pryze na tfeni v kontaktu kontaminovaném pevnymi ¢asticemi.
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SOUCASNY STAV RESENI 2025

= Publikace vysledkl o vlivu kontaminace pevnymi €asticemi. (Tribology Letters, Q2)

= Prispévek na konferenci Leeds-Lyon Symposium on Tribology 2025

TRIBOLOGY
LETTERS
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SOUCASNY STAV RESENI 2025

= Priprava projektu OP TAK (Inovaéni voucher) ve spolupraci s firmou Ocun.
= Sestaveni laboratorni metodiky.

= Priprava kontaktnich téles pro experimentalni analyzu treni a opotrebeni v modelovém kontaktu.
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' SHRNUTi A PLAN DALSIHO POSTUPU ‘

2024 - 2027
—————— ———— ———————= ———————
2024 2025 2026 2027
= FCH/FSI-J-24-8561 = Publikace (03) = Cela bota = Analyza opotrebeni

= Pevné ¢astice (O3) Konference = Analyza treni

= Publikace (02)

Modelovy kontakt = Publikace (0O1)
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