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Abstract

One of the main causes of occupational injuries worldwide is slips and falls. These are some
of the main sources of risks at work, in leisure activities, in the industrial sector, and when
doing routine tasks. A number of lower limb issues, including muscle inflammation, ligament
rips, and dislocations, are frequent outcomes of slip and fall accidents. Employees in the US
have taken emergency medical vacations as a result of these problems, which has caused a
major work delay and an overall financial cost of more than $170 billion. An sudden decrease
in grip at the shoe-floor contact is said to be the main cause of inadvertent slips being initiated.
Thus, it becomes crucial to research footwear's traction performance as well as other pertinent

features in order to maintain sufficient shoe-floor friction.

Wear reduces a shoe's ability to maintain friction because of its tread properties, which
significantly affects the available coefficient of friction (ACOF) at the shoe-floor contact. It
was discovered that wearing worn shoes might raise the chance of slipping by up to ten times
compared to wearing brand-new (or unworn) shoes. Furthermore, the ACOF at the shoe-floor
interface is known to be influenced by a number of footwear-related characteristics, including
tread design, flooring type, outsole materials, shore hardness, and the presence of slippery
contaminants. Specifically, the ACOF is significantly reduced when viscous pollutants are
present on a floor, increasing the chance of sliding. Additionally, understanding an outsole's
performance in both dry and wet sliding conditions depends heavily on its geometrical
characteristics, or treads. Due to worn footwear, there is no information available to determine
the replacement thresholds, which would allow the user to make an informed decision about
whether or not to replace the footwear. Therefore, figuring out the replacement thresholds for
these shoes and comprehending the growing risk of slipping will be made easier by knowing

how wear affects the traction performance of shoes.

There is a lack of current techniques and technologies in order to measure the slipping risks
due to footwear. Most friction measuring devices are bulky, costly, and installed in labs. This
is due to their inability to replicate the biomechanics of human slides and the environmental
fidelity required to replicate walking floors and contamination conditions that are typical of
slip and fall accidents. They also lack portability. Additionally, there is little to no knowledge
of slip testing in low- or middle-income nations, and these equipment are costly and hard to
come by. Existing slip testing devices have their limitations, so it would be ideal to have a
portable, lightweight, and inexpensive device that can simulate human slip biomechanics and



measure traction performance on realistic slippery floors. In addition to this, there is a lack of
computational framework for rapid testing of footwear designs in worn conditions. Thus the
major focus of this dissertation was to design and develop a biofidelic, portable robotic slip
testing device and extensively assess the traction performance of worn footwear through

experiments and numerical modelling.

This thesis investigates slips and falls by analyzing their mechanisms, biomechanics, and
quantification. Chapter 1 introduces the topic, highlighting its prevalence through statistical
data and emphasizing the importance of studying footwear biomechanics and wear to
understand slipping. The chapter also explores mechanical slip testing devices for injury

quantification.

Chapter 2 provides a literature review on slip testing devices and footwear traction, showcasing
various mechanical devices used to measure slipping risks. It stresses the need for biofidelic
testing to accurately assess footwear safety. Additionally, computational modeling of footwear-
floor interactions is discussed, revealing a lack of rapid computational models for assessing
slipping risks considering material wear. Chapter 3 describes the development of a portable,
biofidelic whole-shoe robotic slip testing device. The device was validated across multiple
footwear-floor-contaminant conditions and proved useful in clinical and non-clinical settings.
Chapter 4 uses this device to examine the effect of progressive wear on formal footwear traction

in workplace environments, correlating worn areas with frictional performance.

In Chapter 5, the developed device was used to assess the friction in footwear worn by nurses
in high-movement hospital areas, using enclosure circles as an ergonomic tool to evaluate
slipping risks and propose replacement thresholds. Chapter 6 investigates how tread patterns
affect friction, showing that thinner treads and wider gaps increase wet friction, while oblique
patterns provide the highest friction in both dry and wet conditions. Finally, Chapter 7
introduces a CFD-based computational model to evaluate tread wear in wet conditions.
Validated by experimental testing, the model effectively predicts slipping risks over different

wear durations.
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