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Slips, Trips and Falls (STF) are
ranked 2nd cause of accidents and
injuries with 29%

2%

Slips and Falls (SF) on icy surfaces 
are 39% to 45% of total STF    

37.3 million needed 
medical attention : 

WHO (2021) 

Millions need 
intensive care : WHO  

Loss of Job, absence 
from the jobs 

Deaths

Brain trauma, 
permanent loss of 

limbs and permanent 
injuries 

Capital loss due to 
absence of workers 

(Annual $7 billion, 2012)

Permanent loss of 
skilled and trained 

workers

Burden on Insurance 
companies

Burden on hospitals 
and expenses on health

Plant Held Up (PHU)

Existing solutions: External devices,
Material based, and design based.

Proposed solution: Bio-mimicked
Multi-Functional Slip Resistant
Shoe-sole (wet/dry ice) for indoor
and outdoor for ice (wet or dry).

WE’VE GOT A PROBLEM

6,84,000 annual deaths recorded according to WHO (26th April 2021) 



WE’VE ALSO GOT SOME SOLUTIONS

Chains/Crampons/spikes/Cleats Vibram Arctic Grip Tread Patterns

External accessories 

Material based solution 

Design based solution 

Can’t u
se i

ndoor. 

Put on and off e
very

 tim
e. 

Trick
y for el

derly
.

Expensive (150 to 450 Euros)

Lose effectiveness once filled with ice.  Wear out and get very slippery. 

Can be problematic for elderlies.
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FOOTPADS OF THE POLAR BEAR 

included a slip of the feet. The literature on back pain 
rarely mentions slipping, but Troup (1981) drew 
attention to the longer periods of back pain and higher 
rate of recurrence for back injuries caused by falls. 
Nicholson (1985) reported a high incidence of injuries 
due to slipping in road tanker drivers. 

Fig. 3 
Scanning electron micrograph of papillae. 

Slipping is a recognised cause of injury to cattle and 
pigs. For example, Oliver (1963) stated that "The 
commonest cause of lameness in the fattening pig was 
slipping" and "In the older pig wet, slippery floors were 
always a predisposing cause of fracture"; he had seen 
"the bodies of two lumbar vertebrae fractured in a sow 
as the result of slipping in a yard after a shower of 
rain". Prentice (1970) and Mitchell (1974) reported 
serious injuries in cattle from slipping on smooth 
concrete floors. 

Baggott 
(1981) reported 

that 
"passageways with sharp bends and slippery floors 
account for many joint sprains, hip dislocations, 
strained tendons and muscles and pelvic and long bone 
fractures" in dairy herds and Russell (1982) wrote that 
m

any traumatic lesions of the pelvis and limbs were 
caused by slipping whilst mounting or being m

ounted 
and might have been prevented. However, the literature 
does not record the frequency of injuries to livestock. 

Fig. 4 
Scanning electron micrograph of another area showing 
circular depressions. 

The relationship between slipping and back pain 
revealed by the accident model led to our interest in slip- 
resistance of footwear worn by men walking on floors 
contaminated by mineral oil--a frequent cause of 
industrial accidents. Some shoe sole materials are 
destroyed by oil but, amongst oil-resistant solings 
tested, polyester microcellular polyurethane was found 
to have better slip-resistance on oily surfaces than nitrile 
rubber or PVC. Manning, Jones and Bruce (1983 and 
1985). Friction of solings was measured on an oily steel 
plate which could be tilted until the person standing on 
it slid. Coefficient of friction (/~) was calculated by 
determining the tangent of the angle at which slip 
occurred. This study revealed the importance of 
roughness of the soling. Some floor surfaces had a 
pOlishing effect on the soling and reduced friction, 
whereas floors which scarified and roughened shoes 
improved friction. This observation is relevant to the 
present study as the polar bear's footpad, covered in 
small papillae (Figure 2), has a roughness described by 
one of us as "alm

ost like coarse sandpaper" (Figures 5, 
6 and 7). 

Fig. 5 
Surface features of a nitrile rubber boot sole polished by 
walking on smooth floors. 

The coefficient of friction of a shoe or foot is usually 
calculated by dividing the horizontal force required to 
produce a slip by the weight applied and is represented 
by the symbol/~. Friction of a foot at rest is known as 
static friction (~s) and it is usually greater than dynamic 
friction/~d of a moving foot which varies with velocity 
(James, 1983). Dynamic friction at low velocities is 
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Ø Hexagonal soft micro-textures 
Ø Extremely soft nanopillars
Ø Microchannels

Ø Extremely soft nano-spatulae
Ø Infinitesimal spaces 

Ø Conical micro-textures and cavity
Ø Extra roughness and increase COF

Frog

Gecko

Polar 
Bear

N
ATU

RE HAS ALL THE AN
SW

ERS
OUR PROBLEMS, NATURE’S SOLUTIONS  

Ø Soft conical suction cups and sealing
Ø Pressure difference Octopus 

Wet adhesion from frog toe pads
Dry adhesion from gecko feet

Ice adhesion from polar bear paw
Surface tension or capillarity

Suction/vacuum
Surface roughness and properties 

of the icy surface



VULCANIZATION AND MOULDING PROCESS 

Heating Plate

Heating Plate

Pressure

V
ac

uu
m

 C
ha

m
be

r

Aluminum 
Mould

Aluminum 
Mould

Punch

Punch
Rubber Composite

Textured Surface

SR Composite

Water Droplet

LASER 
Source

Cassie-Baxter 
Effect

Salient Features of Moulding
Hot compression moulding.

Aluminum mould (20 mm sample size).
Aluminum/Cu-Be punch with textures.

Salient Features of Rubber Composite
Silicon Rubber (SR) with Oxide nano-powders.
Oxide nano-powders are titania and zirconia.

Innovative Moulding
Vulcanize the rubber composite and expose the nano-
powders to create the superhydrophobic effect either 

by Laser Surface Texturing (LST) or embossing using 
Al/Cu-Be punches

Adaptable Texture Geometries

SR Composite

Punch (Al or  Cu-Be)

Textured SR Composite



LASER Source Nd:YAG
LASER

La
se

r B
ea

m

Laser Lens

BIO-MIMICKED LASER SURFACE TEXTURING

Power, Scanning speed, Jump delay , 
Laser frequency, Spot diameter, 
Wobble amplitude and wobble 

diameter



BIO-MIMICKED PUNCH/MOULD TEXTURING

To see the mould textures on Cu-Be, go to Page 11

Textured SR Composite



CHARACTERIZATIONS, RESULTS AS FUTURE WORK   

Crosslinking Test

Wettability Test

Wear & Friction Test
.

Freezing Time 
Calculation

Characterizations
SEM, FTIR, EDS, XRD

1670 1750 1770

Hardness Test: Shore-A Durometer (Sauter GmbH-Germany)
Shore A: 36.7, 35.9, 35.9, 36.3, 36.3 = 36.22 (5 iterations)

Wettability Test



CONTRIBUTIONS  

1. Prepared composite of SR with titania and zirconia.

2. Laser Surface Texturing (LST) and Punch moulding for the geometry replication.

3. LST exposed the silica particles to enhance superhydrophobic effects.

4. Wettability tests were done to see the superhydrophicity. Performed hardness tests. 

5. Cross-linking, wear test and ice adhesion would be done in future.  
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(Optimized Textures for Copper-Berallium)

This work was supported by FCT national funds, under the national support to R&D units grant, through the reference projects UIDB/04436/2020 and UIDP/04436/2020,
“BioInSole-Multi-Functional Bioinspired Slip Resistant Shoe-Sole” Associação para a Inovação e Desenvolvimento da FCT (Caparica) (PTDC/EME-EME/7860/2O20) , and Vipin
Richhariya acknowledges FCT for his PhD scholarship through “Projeto e Desenvolvimento de Superfícies Multifuncionais para Controlo do Comportamento à Fricção na Presença
de Água (UI/BD/150939/2021)”.



ANTI-SLIPPING WINTER SHOE-SOLES: A NATURE INSPIRED SOLUTION
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ITE, MISSA EST

Only if it were easy, wouldn’t everyone do it ?

- Vipin


